
-- ~ - -~-------

DATA BOOK 1988 

, 
Controller Boards 

--=~------ - - - -~ 



General Information 

16 Bit CPU Boards 

32 Bit CPU Boards 

Memory Boards 

Controller Boards 

1/0 Boards 

Development Systems 

[Ec Software 

Accessories 



UNIX is a trademark of AT&T Bell Laboratories 
PDOS is a trademark of Eyring Research Institute 
VMEPROM, FORCEbug are registered trademarks of 
FORCE Computers 
Ethernet is a registered trademark of Xerox Corporation 
SASI is a registered trademark of Shugart Associates 

The Information in this book has been carefully checked 
and is believed to be accurate; however, no responsibility 
is assumed for inaccuracies. 

FORCE Computers reserves the right to make changes 
without further notice to any products herein to Improve 
reliability, function or design. FORCE Computers does not 
assume any liability arising out of the application or use of 
any product or circuit described herein; neither does it 
convey any license under its patent rights nor the rights of 
others. The software described herein will be provided on 
an "as is" basIs and without warranty. FORCE Computers 
accepts no liability for incidental or consequential dam­
ages arising from use of the software. This Disclaimer of 
warranty extends to FORCE's licensee, to licensee's trans­
ferees and to licensee's customers or users and is in lieu of 
all warranties whether expressed, implied or statutory, 
including implied warranties of merchantability or fitness 
for a particular purpose. 

© FORCE Computers 
All Rights Reserved 
First Edition November 1986 
Second Edition October 1987 



DATA BOOK 1988 
VMEbus Products 

'\ 
\ Controller Boards 

J~[f 





Table 
of 
contents 

Table of contents 

Generallnformation ............ . . . . . . . . . . . . . . . . . . . . . 5 
Manufacturing ........................ 11 
Quality Assurance. . . . . . . . . . . . . . . . . . . . .. 19 

16 Bit CPU Boards .................................. 23 
Introduction .......................... 25 
Overview(s) . . . . . . . . . . . . . . . . . . . . . . . . . .. 27 
SYS68K/CPU-1 ....................... 29 
SYS68K/CPU-2 ....................... 37 
SYS68K/CPU-3 ....................... 45 
SYS68K/CPU-4 ....................... 53 
SYS68K/CPU-5 ....................... 61 
SYS68K/CPU-6 ....................... 69 

32 Bit CPU Boards .................................. 77 
Introduction .......................... 79 
Overview(s) . . . . . . . . . . . . . . . . . . . . . . . . . .. 80 
SYS68K1FMB . . . . . . . . . . . . . . . . . . . . . . . .. 85 
SYS68K/CPU-21 ...................... 93 
SYS68K/CPU-22 ...................... 105 
SYS68K/CPU-25 ...................... 123 
SYS68K/CPU-26 ...................... 131 
SYS68K/CPU-29 ...................... 149 
SYS68K/CPU-30 ...................... 161 
SYS68K/CPU-31 ...................... 179 
SYS68K/CPU-32 ...................... 197 
SYS80K/CPU-386 ..................... 209 

Memory Boards .................................... 221 
Introduction .......................... 223 
Overview(s) ........................... 225 
SYS68K1DRAM-1/2 .................... 227 
SYS68K/DRAM-E3M/S ................. 231 
SYS68K/DRAM-E4M/S ................. 239 
SYS68K/DRAM-6 ...................... 247 
SYS68K/SRAM-3B .................... 253 
SYS68K/SRAM-4B .................... 259 
SYS68K/SRAM-5/6 .................... 265 
SYS68K1RR-1 ......................... 271 
SYS68K/RR-2 ........................ 277 
SYS68K/RR-3 ........................ 285 

Controller Boards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 291 
Mass Memory Controller Boards .......... 293 
Introduction .......................... 293 
Overview(s) ........................... 294 
SYS68K/WFC-1 ....................... 295 
SYS68K/ISCSI-1 ...................... 301 

Graphics Controller Boards .............. 313 
Introduction .......................... 315 
Overview(s) ........................... 316 
SYS68K/AGC-1/1X .................... 317 
SYS68K1AGC-2 ....................... 331 



Table of contents 

Table 
of 
contents 

General Controller Boards ............... 341 
Introduction .......................... 343 
Overview(s) ........................... 344 
SYS68K/ASCU-1/2 .................... 347 
SYS68K/ILANC-1 ...................... 355 

1/0 Boards . ........................................ 361 
Serial and Parallel 110 Boards ............. 361 
Introduction .......................... 363 
Overview(s) ........................... 364 
SYS68K/PI0-1 ........................ 367 
SYS68K/OPI0-1 ...................... 373 
SYS68K1SI0-2 ........................ 379 
SYS68K/ISI0-1 ....................... 385 
SYS68K/ISI0-2 ....................... 395 

Analog I/O Boards ..................... 407 
Introduction .......................... 409 
Overview(s) ........................... 410 
SYS68KI AO-1 0/11 ..................... 411 
SYS68K/OA-1/2 ....................... 421 

Development Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 427 
Introduction .......................... 429 
Overview(s) ........................... 431 
miniFORCE 1 P6 ....................... 433 
miniFORCE 2 ......................... 435 
miniFORCE 2P21 ...................... 445 
micro FORCE 1A ....................... 453 
microFORCE 2 ........................ 457 
FOCUS 32 POOS System 21 ............. 461 
FOCUS 32 System 25U ................. 473 

Software .......................................... 485 
POOS ............................... 487 
VMEPROM ........................... 495 
UNIX ................................ 507 
GKSGRAL ........................... 517 

Accessories ....................................... 521 
SYS68K/MOTH ....................... 523 
SYS68K/CHAS-19/7 ................... 527 
SYS68K1CHAS-19/12 .................. 531 
SYS68K/PWR-09A ..................... 535 
SYS68K/PWR-20 ...................... 539 
SYS68K/WFMOO ...................... 543 

Distributors & Representatives ........................ 547 



Introduction to FORCE COMPUTERS 
Product Guide 

Listed here you will find the FORCE COMPUTERS 
1988 product guide. As you will see, in addition to 
the name of the product and the page on which in­
formation can be found, there are two additional 
columns. 
These two additional columns signify that some of 
FORCE COMPUTERS' older products are not re­
commended for new designs. This means that if a 
product is not recommended for new design, you 
should consider using the suggested alternative in 
order to guarantee increased performance and 
functionality. FORCE COMPUTERS will continue 
to produce products that are not recommended for 
new designs for eXisting customers of those pro­
ducts. You will note that the products offered as 
suggested alternatives offer the same functionality 
and are often compatible. This ensures that you 
as a valued FORCE COMPUTERS customer are 
guaranteed product compatibility growth paths. 

Introduction to Product Guide 



Product Guide 

Recom- Suggested Details 
Part No. Product Description mended for Alter- on 

new Designs native Page 

16 bit CPU Boards 

100100 SYS68K1CPU-1 B 680001 8.0 MHz! 128 KB No CPU-6 69 
100101 SYS68K1CPU-1 C 68000/10.0 MHz! 128 KB No CPU-6 69 
100102 SYS68K1CPU-1 D 68000/1 0.0 MHz! 512 KB No CPU-6 69 
100200 SYS68K1CPU-2 680001 8.0 MHz! 256 KB No CPU-2B 37 
100201 SYS68K1CPU-2A 68000/10.0 MHz! 256 KB No CPU-2B 37 
100202 SYS68K1CPU-2B 68000/1 0.0 MHz! 512KB Yes 
100220 SYS68K1CPU-2D 680001 8.0 MHz! 128 KB No CPU-2B 37 
100205 SYS68K1CPU-2F 68000/10.0 MHz!1 024 KB Yes 
100211 SYS68K1CPU-2VA 68010/10.0 MHz! 256 KB No CPU-2VB 37 
100212 SYS68K1CPU-2VB 68010/1 0.0 MHz! 512 KB Yes 
100213 SYS68K1CPU-2VC 68010/10.0 MHz!1 024 KB Yes 
100300 SYS68K1CPU-3 680001 8.0 MHz! 32KB No CPU-3VB 45 
100310 SYS68K1CPU-3V 680101 8.0 MHz! 32KB No CPU-3VB 45 
100311 SYS68K1CPU-3VA 68010/1 0.0 MHz! 32KB No CPU-3VB 45 
100312 SYS68K1CPU-3VB 6801 0/1 0.0 MHz! 128KB Yes 
100401 SYS68K1CPU-4A 68000/12.5 MHz! 32KB No CPU-4VC 53 
100410 SYS68K1CPU-4V 68010/1 0.0 MHz! 32KB No CPU-4VC 53 
100411 SYS68K1CPU-4VA 68010/12.5 MHz! 32KB No CPU-4VC 53 
100412 SYS68K1CPU-4VB 68010/12.5 MHz! 128 KB No CPU-4VC 53 
100413 SYS68K1CPU-4VC 68010/12.5 MHz! 128 KB/BBU Yes 
100501 SYS68K1CPU-5A 68000/16.7 MHz! 128 KB/FPU Yes 
100502 SYS68K1CPU-5V 68010/12.5 MHz! 128 KB/FPU No CPU-5A 61 
100601 SYS68K1CPU-6 680001 8.0 MHz! 512 KB Yes 
100602 SYS68K1CPU-6A 68000/12.5MHz! 512KB Yes 
100610 SYS68K1CPU-6VA 68010/12.5MHz! 512KB Yes 
100611 SYS68K1CPU-6VB 68010/12.5MHz! 512KB/FPU Yes 

32 bit CPU Boards 

101041 SYS68K1CPU-21 S 68020/12.5 MHz! 512 KB/FPU Yes 
101001 SYS68K1CPU-21 68020/16.7 MHz! 512KB/FPU Yes 
101011 SYS68K1CPU-21A 68020/20.0 MHz! 512 KB/FPU Yes 
101021 SYS68K1CPU-21 B 68020/25.0 MHz! 512 KB/FPU Yes 
101100 SYS68K1CPU-22 68020/16.7 MHz! 256 KB/FGA-002 Yes 
101101 SYS68K1CPU-22A 68020120.0 MHz! 256 KB/FGA-002 Yes 
101102 SYS68K1CPU-22XA 68020/20.0 MHz! 1 MB/FGA-002 Yes 
101210 SYS68K1CPU-25 68020/16.7 MHz! 512 KB/MMU/FPU Yes 
101130 SYS68K1CPU-26X 68020/16.7 MHz! 256 KB/SCSI/FGA-002 Yes 
101131 SYS68K1CPU-26XA 68020/20.0 MHz! 256 KB/SCSI/FGA-002 Yes 
101132 SYS68K1CPU-26ZA 68020/20.0 MHz! 1 MB/SCSIIFGA-002 Yes 
101150 SYS68K1CPU-29XS 68020/12.5 MHz! 1 MB/FPUlFGA-001 Yes 
101152 SYS68K1CPU-29X 68020/16.7 MHz! 1 MB/FPUlFGA-001 Yes 
101153 SYS68K1CPU-29XB 68020/25.0 MHz! 1 MB/FPU/FGA-001 Yes 
101154 SYS68K1CPU-29XC 68020/30.0 MHz! 1 MB/FPUlFGA-001 Yes 
101323 SYS68K1CPU-32XS 68030/12.5 MHz! 1 MB/FPUlFGA-001 Yes 
101324 SYS68K1CPU-32X 68030/16.7 MHz! 1 MB/FPU/FGA-001 Yes 
101321 SYS68K1CPU-32XA 68030/20.0 MHz! 1 MB/FPU/FGA-001 Yes 
101322 SYS68K1CPU-32XB 68030125.0 MHz! 1 MB/FPUlFGA-001 Yes 
101333 SYS68K1CPU-32XC 68030/30.0 MHz! 1 MB/FPU/FGA-001 Yes 
105000 SYS80KlCPU-386-1 80386/16.0 MHz! 2MB Yes 
105001 SYS80KlCPU-386-1A 80386/16.0 MHz! 2MB/FPU Yes 

16 bit Memory Board Products 

200000 SYS68K1DRAM-1 512KBDRAMA24:D16 Yes 
200001 SYS68K1DRAM-2 2 MBDRAMA24: D16 Yes 
200010 SYS68K1RR-1 NAKED ROM/PROM/EPROM/SRAM Yes 
200011 SYS68K1RR-1 S 128KBSRAMA24: D16 Yes 
200020 SYS68K1SRAM-1 128KBSRAMA24:D16 No SRAM-5 265 
200021 SYS68K1SRAM-2 512KBSRAMA24:D16 No SRAM-5 265 
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Product Guide 

Recom- Suggested Details 
Part No. Product Description mended for Alter- on 

new Designs native Page 

32 bit Memory Board Products 

200004 SYS68K1DRAM-E-3M1 1 MB DRAM A32 : D32 MASTER Yes 
200103 SYS68K1DRAM-E-3S3 3 MB DRAM EXTENSION SLAVE Yes 
200110 SYS68K1DRAM-E4M4 4 MB DRAM A32 : D32 MASTER Yes 
200113 SYS68K1DRAM-E4S12 12 MB DRAM EXTENSION SLAVE Yes 
200130 SYS68K1DRAM-6 2MBDRAMA32' D32VERYFAST Yes 
200300 SYS68K1RR-2 NAKED PROM/EPROM/EEPROM Yes 
200600 SYS68K1RR-3 NAKED PROM/EPROM/EEPROM Yes 
200401 SYS68K1SRAM-3A 512 KB SRAM A32 : D32 VMENMX No SRAM-5 265 
200402 SYS68K1SRAM-3B 1 MB SRAM A32 : D32 VMENMX Yes 
200501 SYS68K1SRAM-4A 512 KB SRAM A32: D32 VME No SRAM-5 265 
200502 SYS68K1SRAM-4B 1 MB SRAM A32 : D32 VME Yes 
200504 SYS68K1SRAM-5 512 KBSRAM A32: D32VME Yes 
201000 SYS68K1SRAM-22 512 KB MEM. EXP. CPU-21/25 Yes 
201040 SYS68K1SRAM-22S 512KBMEM. EXP.CPU-21S Yes 
201010 SYS68K1SRAM-22A 512KBMEM. EXP.CPU-21A Yes 
201020 SYS68K1SRAM-22B 512KBMEM. EXP.CPU-21B Yes 

Controller Boards 

300000 SYS68K1SASI-1 SASIBUS HOST CONTR. No ISCSI-1 301 
300001 SYS68K1WFC-1 WINCH/FLOPPY CONTR. Yes 
300020 SYS68K1ISCSI-1 INTELL. SCSI CONTR .• 128 KB SRAM Yes 
300023 SYS68K1ISCSI-1 A INTELL.SCSI CONTR.. 512 KBSRAM Yes 

400010 SYS68K1CMC-1 COLOR MONITOR CONTR. No AGC-2 331 
400004 SYS68K1GDC-1 M+ 1 S GRAPH. MASTER CONTR. + GDC-1 S No AGC-2 331 
400007 SYS68K1GDC-1 S2 GRAPH. SLAVE POS. 2 No AGC-2 331 
400008 SYS68K1GDC-1 S3 GRAPH. SLAVE POS. 3 No AGC-2 331 
400020 SYS68K1 AGC-1 ADVANCED GRAPHICS CONTR. Yes 
400022 SYS68K1 AGC-1 X ADVANCED GRAPHICS CONTR. EXT. Yes 
400023 SYS68K1AGC-2 GRAPHICS CONTROLLER Yes 

700006 SYS68K1ASCU-1 ADVANCEDSYS. CONT. UNIT Yes 
700007 SYS68K1 ASCU-2 ADVANCEDSYS. CONT. WGPIB Yes 
300100 SYS68K1ILANC-1 INTELLIGENT ETHERNET CONTROLLER Yes 

INPUT/OUTPUT Boards 

310000 SYS68K1SI0-1 6CHANNELSER.I/0 No S10-2 379 
310004 SYS68K1SI0-2 6 CHANNELSER.IIO Yes 
310005 SYS68K1SI0-2A 6 CHANNELSER.I/O, OPTICAL LINKS Yes 
310030 SYS68K1ISI0-1 8CHANNELSER. I/O, 128KBSRAM Yes 
310035 SYS68K1ISI0-1 A 8CHANNELSER.I/0, 512 KB SRAM Yes 
310031 SYS68K1ISI0-2 8CHANNELSER. I/O, 128KBSRAM Yes 
310036 SYS68K1ISI0-2A 8CHANNELSER.I/0, 512 KB SRAM Yes 
310011 SYS68K10PI0-1 PAR. I/O: OPTO. COUP. Yes 
310010 SYS68K1PI0-1 PARALLEL 110 : TTL Yes 

320002 SYS68K1 AD-10A 12BITAIDCONV., 20MICROSEC. Yes 
320003 SYS68K1 AD-10B 12BITAIDCONV., 4MICROSEC. Yes 
320004 SYS68K1 AD-10C 14 BIT AID CONV., 35 MICROSEC. Yes 
320006 SYS68K1 AD-10D 16 BIT AID CONV., 400 MICROSEC. Yes 
320007 SYS68K1AD-11A 12 BIT AID CONV., 20 MICROSEC., 2 D/A Yes 
320008 SYS68K1 AD-11 B 12 BIT AID CONV., 4 MICROSEC., 2 D/A Yes 
320009 SYS68K1AD-11C 14 BIT AID CONV., 35 MICROSEC., 2 D/A Yes 
320010 SYS68K1 AD-11D 16 BIT AID CONV., 400 MICROSEC., 2 D/A Yes 
320011 SYS68K1 AD-12 16CHANNELS/H EXPANS. FORAD-10/11 Yes 
320012 SYS68K1 AD-13H 8 CHANNEL HIGH VOLTAGE EXP. Yes 

FORAD-10/11 
320013 SYS68K1 AD-14 32CHANNELHIGH LEVEL INPUT EXP. Yes 

FORAD-10/11 
320014 SYS68K1DA-1A 8CHANNELD/ACONV., 12 BIT Yes 
320015 SYS68K1DA-1 B 8 CHANNEL D/ACONV., 12 BIT, Yes 

CURRENT LOOP OUTPUT 
320016 SYS68K1DA-2A 6CHANNELD/ACONV., 16BIT Yes 
320017 SYS68K1DA-2B 6 CHANNEL D/ACONV., 16BIT Yes 

9 



Product Guide 

Recom- Suggested Details 
Part No. Product Description mended for Alter- on 

new Designs native Page 

System Products 

620510 mmiFORCE 1 P1 PDOS SYSTEM/CPU-1 D/3U No miniFORCE 1 P6 433 
620550 miniFORCE 1 P5 PDOS SYSTEM/CPU-5V/3U No mimFORCE 2P5 435 
620560 mimFORCE 1 P6 PDOS SYSTEM/CPU-6/3U Yes 
620610 mmiFORCE2P1 PDOS SYSTEM/CPU-1 D/7U No miniFORCE2P6 435 
620620 miniFORCE2P2 PDOS SYSTEM/CPU-2VC/7U Yes 
620640 mmiFORCE2P4 PDOS SYSTEM/CPU-4VC/7U Yes 
620650 mmiFORCE2P5 PDOS SYSTEM/CPU-5N7U Yes 
620660 miniFORCE2P6 PDOS SYSTEM/CPU-6VB/7U, WFC Yes 
620662 mmiFORCE2P61 PDOS SYSTEM/CPU-6VB/7U, ISCSI Yes 
620700 miniFORCE2P21 PDOS SYSTEM/CPU-21/7U Yes 
620710 miniFORCE2P21S PDOS SYSTEM/CPU-21 SI7U Yes 
620720 mmiFORCE2P21A PDOS SYSTEM/CPU-21 Al7U, WFC Yes 
620722 miniFORCE2P21AI PDOSSYSTEM/CPU-21 Al7U, ISCSI Yes 
630005 mlcroFORCE 1A UNIX SYSTEM/CPU-3VB/3U Yes 
630010 mlcroFORCE 2 UNIX SYSTEM/CPU-3VB/7U Yes 
640021 FORCE FOCUS 32 PDOS SYSTEM/CPU-21 A Yes 

PDOSSYSTEM21A 
640022 FORCE FOCUS 32 PDOS SYSTEM/CPU-21 B Yes 

PDOSSYSTEM21B 
641025 FORCE FOCUS 32 UNIX SYSTEM/CPU-25 Yes 

SYSTEM25U 

Software Products 

140020 SYS68K1PDOS-PAS PDOSPASCAL Yes 
140021 SYS68K1PDOS-PAS020 PDOS PASCAL FOR 68020 Yes 
140040 SYS68K1PDOS-FOR PDOS FORTRAN-77 Yes 
140041 SYS68K1PDOS-FOR020 PDOS FORTRAN-77 FOR 68020 Yes 
140030 SYS68K1PDOS-C PDOS "c" COMPILER Yes 
140031 SYS68K1PDOS-C020 PDOS "c" COMPILER FOR 68020 Yes 
140044 SYS68K1PDOS-BAS PDOS BASIC FOR 68000/6801 0 Yes 
140045 SYS68K1PDOS-BAS020 PDOS BASIC FOR 68020 Yes 
150005 SYS68K1UNIX-PAS UNIX PASCAL Yes 
150006 SYS68K1UNIX-PAS020 UNIX PASCAL Yes 
160000 SYS68K1GKSGRAL-P2B1 GKS SOFTWARE FOR PDOS Yes 
160001 SYS68K1GKSGRAL-P2B1 GKS SOFTWARE FOR UNIX Yes 

Accessory Products 

500005 SYS68K1MOTH-05A 5 SLOT MOTHERBOARD Yes 
500011 SYS68K1MOTH-09A 9 SLOT MOTHERBOARD Yes 
500006 SYS68K1MOTH-12A 12 SLOT MOTHERBOARD Yes 
500013 SYS68K1MOTH-20A 20 SLOT MOTHERBOARD Yes 
500007 SYS68K1MOTH-21 A 21 SLOT MOTHERBOARD Yes 
500008 SYS68K1MOTH-E05A 5 SLOT 32 BIT EXTENSION Yes 
500012 SYS68K1MOTH-E09A 9 SLOT 32 BIT EXTENSION Yes 
500009 SYS68K1MOTH-E12A 12 SLOT 32 BIT EXTENSION Yes 
500014 SYS68K1MOTH-E20A 20 SLOT 32 BIT EXTENSION Yes 
500010 SYS68K1MOTH-E21 A 21 SLOT 32 BIT EXTENSION Yes 
610101 SYS68K1CHAS 19-09EI CHAS 19-09/7HE PLUS P2 MOTH Yes 

7HE 
610105 SYS68K1CHAS 19-21 EI CHAS 19-2117HE PLUS P2 MOTH Yes 

7HE 
610191 SYS68K1CHAS 19-21 EI 12HECHASSISW21 SLOTS Yes 

12HE 
610005 SYS68K1RACK 19-09A 19" RACK WITH 9 SLOT jvl0TH Yes 
610025 SYS68K1RACK 19-21 A 19" RACK WITH 21 SLOT MOTH Yes 
700008 SYS68K1PWR-09A 280W PWR SUPPLY Yes 
700018 SYS68K1PWR-09AC PWR-09A POWER CABLE Yes 
700009 SYS68K1PWR-20 750WPWRSUPPLY Yes 
700030 SYS68K1PWR-20C PWR-20 POWER CABLE Yes 
700040 SYS68K1STR-120 120 MBSTREAMER FOR FOCUS 32 Yes 
700002 SYS68K1WFMOD-20 20 MB WIN/1 MB FLOPPY Yes 
700020 SYS68K1WFMOD-50 50 MB WIN/1 MB FLOPPY Yes 
700012 SYS68K1WFMOD-85 80 MB WIN/1 MB FLOPPY Yes 
700022 SYS68K1WFMOD-175 175MBWIN/1 MBFLOPPY yes 
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The task of the Manufacturing Department is to 
convert the high-tech designs developed by the 
Engineering Department into top-quality, long­
lived products. The manufacturing system at each 
working location is defined by considerations of 
"integrated quality" (see the a.A. section of the 
Data Book). Capacity shortages caused by a large 
backlog or by machine down times must be ab­
sorbed by overtime and may not lead to any de­
gradation of production quality. 

The major elements of production planning are to 
ensure a timely delivery of the backlog and to pro­
vide a sufficient number of products for the activ­
ities of the Sales Organization. This is based on the 
sales forecast and the sales volume of the past 
months. Additional customer orders which are very 
urgent should be shipped from a specified mini­
mum stock acting as a buffer. 
The production schedule must always be adjusted 
to the limited manufacturing capacities of the vari­
ous steps in a simultaneous planning action. The 
capacities of the Testing and Manufacturing De­
partments are continuously expanded with the 
growth of the company. This results in a timely re­
action to the steadily increasing manufacturing vol­
ume. Therefore, it is easier to allow for short-time 
utilization peaks and urgent OEM orders in the pro­
duction environment. 

In every design, the manufacturers for the com­
ponents used are approved by the Engineering De­
partment. Only components of leading suppliers 
will be approved. If the Manufacturing or Purchas­
ing Department suggests additional suppliers for 
specific components, a very strict approval proce­
dure is applied under a.A. control. 
The demand for each component is determined by 
the MRP Computer System (Manufacturing Requi­
rement Planning) based on the current Production 
Schedule. Generally, OEM delivery contracts are 
made with large and renowned manufacturers to 
ensure that the end products can be manufactured 
and sold at a low cost. The secured delivery due to 
the long-term delivery dates is an additional feature 
of these contracts. With the exception of "sole­
source products", a risk spreading results from the 
availability of strategically important products from 
different suppliers. A lot of emphasis is put on the 
purchasing procedures, as this element accounts 
for a major part of the company's profits. 
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Manufacturing 

The Component Receiving Department utilizes its 
own quality control regulations. Apart from the out­
ward appearance of the incoming products, the in­
ternal manufacturer approval, the date codes, the 
mask revisions etc. will be checked. Special em­
phasis is put on PCB control, as any inadequate 
quality which is not detected at this point may lead 
to major problems in the production flow. Thus, 
significant time is dedicated to this task. 
The component storage is exactly defined and con­
trolled (e.g. the tested printed circuit boards must 
be hermetically sealed). 

The production lots are approved by the Manufac­
turing Planning according to the production plan so 
that the picks may be generated in the component 
warehouse. First, the PALs and EPROMs are trans­
ferred to the production floor to be programmed in 
parallel to the pick generation. Thus, completed 
picks will leave the warehouse. 
If any parts are missing, the Purchasing Depart­
ment intervenes in order to identify the whereab­
outs of the respective products. A second ware­
house employee will check the completed pick for 
100% completeness before it is transferred to the 
production area. Thus, production delays due to 
missing parts have been reduced to a minimum. 

Here, the production documents are generated, 
updated and checked in coordination with the Pro­
duct Engineering. Based on detailed, controlled 
procedures, this department implements the En­
gineering Change Orders (ECO's) in order to en­
sure a maximum degree of transparency as far as 
board and product revision is concerned. The im­
plementation of ECO's is organized worldwide and 
is monitored by Q.A. At the individual levels, the 
material and product flow is controlled by Manu­
facturing Planning based on deadlines and lot sizes. 
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Assembly is carried out according to strict quality 
regulations for insertion. Depending on the com­
plexity, manual, semi-automatic or automatic inser­
tion is used. All Q.A. measures which are a stan­
dard in advanced insertion companies are imple­
mented in the production floors. 
A detailed Quality Report is submitted to each as­
sembly area at the end of each month in order to 
maintain and improve the quality level. 
Initial products for SMT (Surface Mount Techno­
logy) have been integrated into the production on a 
mixed-insertion basis. Future designs will signif­
cantly expand this production area, and the pro­
duction floors are well prepared for these enhance­
ments. 

Currently, all boards are tested in-circuit using 
Genrad testing equipment. The bed of nails and the 
test program for each product are generated, modi­
fied and improved at the Design Center which de­
veloped the product. All other in-circuit test facil­
ities are supplied with adapters and programs from 
one central source. Thus, uniform testing is ensured 
at FORCE Computers facilities all over the world. 
Dedicated software in the test computer generates 
test reports at the product and component levels. 
Among others, this information is available to the 
Q.A. or the Purchasing Department. Hence, speci­
fic component suppliers may be excluded from 
further delivery if any inadequate quality should be 
detected. 
If a proprietary customer-specific production lot 
cannot be tested with the ICT Program of the stan­
dard FORCE product, the ICT program (and the 
test adapter sometimes even) will be modified. An 
electrically tested product is to be delivered to the 
customer. 

In this section, the on-board functions are checked 
under real-time conditions and in an oPerating en­
vironment the board will typically be exposed to. 
These test programs are also generated, modified 
and expanded in Design Centers in a centralized 
manner, so that identical functional tests will be 
used for a specific product all over the world. For 
newly introduced products, a team of program­
mers is constantly developing new program modu­
les which are integrated into the functional-test 
programs. In addition, the test programs are also 
maintained, expanded and improved with respect 
to their test depth. 
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Burn-in tests are carried out for at least 48hrs. at a 
minimum of 50° C. Forthis purpose, test racks have 
been developed which provide a VME operating 
environment for the boards under test. A high-per­
formance control system operating in a real-time, 
multi-tasking mode controls and monitors the test 
racks and the testing tasks. 
All burn-in test departments all over the world are 
equipped with these test racks along with the con­
trol unit. 
After passing the burn-in test, the board is provided 
with its default setting and submitted to the Q.A. 
Outgoing Inspection. 

Apart from board-level products, FORCE also of­
fers entire control and development systems. 
In the System Generation Department, Systems 
are mounted in standard configurations or accord­
ing to the customer's specifications. In addition, 
the software is loaded (the user has the choice 
among several operating systerns), tested and 
approved by the Q.A. Each system passes a func­
tional test and a burn-in test of at least 16hrs. As 
the FORCE boards for these systems are taken 
from the Finished Goods Warehouse, only entirely 
tested products are used. 
The System Generation Department is expanding 
rapidly, not least as a result of the new System 
Generation. Thus, it is especially in this department 
that methods are sought which promise to increase 
productivity (improved material flow, use of pro­
duction components, standardizations, etc). In 
spite of the dramatic increase in the system-level 
business, FORCE Computers is still a company 
which sees itself as a board-level supplier in the 
first instance. 

Following the outgoing inspection carried out by 
the Q.A., the boards and systems are transferred to 
the Finished Goods Warehouse, where the pro­
ducts are stored in antistatic and dust-proof pack­
ages. 
The backlog determines when the goods are pre­
pared for shipping, when the documentation is in­
cluded and when they are put into the shipping 
boxes. 
Generally, the customer will specify the shipment 
procedure. However, in case of very urgent orders, 
FORCE provides its expertise and connections to 
the optimum means of transportation in order to 
ensure a timely delivery. For this purpose, FORCE 
has set up a special customs service. 
Practical packaging, professional documentation 
and fast delivery are additional features which give 
the final touch to FORCE Computer's high-tech 
products. 

Burn-in Test 

System Generation 

Warehouse Shipping 
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FORCE Computers' quality system incorporates a 
total quality assurance concept encompassing 
management, design, purchasing, manufacturing, 
test, inspection, and documentation. The quality 
control program established and maintained in­
sures that products conform to published specifi­
cations and customer quality requirements. Re­
cords demonstrating the effective operation of the 
quality system are available for review at FORCE 
Computers by designated purchasing authorities 
and source inspectors. 

I. Organization 
Quality is the responsibility of management and it is 
the policy of management that quality needs to be 
controlled. A quality assurance organisation must 
be independent of other organisations in order to 
function effectively. 
FORCE Computers' quality assurance manager re­
ports directly to the general manager and has the 
authority to resolve matters pertaining to quality. 
Responsibility and authority is delegated to those 
personnel performing quality functions in order 
to identify and evaluate quality problems, and to 
iniate, recommend, or provide solutions. Manage­
ment regularly reviews the status and adequacy of 
the quality program. 

II. Records 
Records are one of the prinicipal forms of objective 
evidence of quality. FORCE Computers maintains 
and uses records for inspection and test, correcti­
ve actions, and calibration. 
Test and inspection records are maintained indi­
cating the nature or type of observation, the num­
ber of observations made, and number and type of 
deficiencies found. Corrective action records detail 
the nature of the action and effective dates of cor­
rection. Records showing calibration history and 
status are maintained for test and measurement 
equipment. 

III. Documentation and Change Control 
In industries where innovation, redesign, and pro­
duct improvement are continuously practiced, 
control of documentation is of critical importance 
to product quality and reliability. 
FORCE Computers maintains control of all docu­
mentation relating to the design and manufacture 
of its products. Current issues of appropriate do­
cuments are available at all locations where opera­
tions essential to the effective functioning of the 
quality system are performed. All changes to docu­
mentation are in writing and records of changes 
made are maintained. 
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IV. Statistical Quality Control and Analysis 
FORCE Computers utilizes statistical analysis and 
tests to maintain the required control of quality. 
Sampling inspection is performed in accordance 
with MIL-STD-105D, table II-A. 
Acceptable quality levels (AQL) are applied at re­
ceiving inspection and final electrial and mechani­
cal/visual inspection. 
Utilizing modern test equipment, data is generated 
and analyzed pertaining to yields and product qua­
lity trends. As a result, causes of defects or signifi­
cant variations in manufacturing operations can be 
identified and the necessary corrective actions im­
plemented in a timely manner. 

V. Control of Inspection, Measuring, and Test 
Equipment. 
All test and measurement equipment is maintained 
and controlled to insure product conformance to 
specifications and required quality levels. Calibra­
tion records are maintained and equipments are la­
beled showing calibration intervals and status. The 
calibration system conforms with "Nato Measure­
ment and Calibration System Requirements for In­
dustry" (AQAP-6). 

VI. Test Programs and Procedures 
FORCE Computers has developed sophisticated 
test programs utilizing state-of-the-art test and 
measurement equipment for its board level and 
system products. 
Board level products are subjected to 100 percent 
in-circuit test using a GENRAD 2276E orequivalent 
automatic tester (bed of nails). Data related to yields 
and product quality trends is collected, analysed, 
and used as a basis for product improvement pro­
grams. Defect data feedback is used to initiate cor­
rective actions. 
Utilizing proprietary test programs in imbedded 
software, all board level products are tested for 
functionality in a VME System environment simulat­
ing the end use of the product. Processor, memory, 
and controller chips, for example are exercised to 
test performance in the intended application. In or­
der to screen out infant mortalities all CPU I/O and 
RAM boards are subjected to a dynamic burn-in for 
48 hours at 50 degrees centigrade, minimum. 
Real-time software driven test programs have been 
developed enabling board level products to be 
tested in functional environments at elevated am­
bient temperatures. 
A post test electrical and visual sample inspection 
is performed on all finished products to verify that 
all tests have been completed as specified. 
All systems are functionally tested and a minimum 
24 hour duration test is performed at room ambient 
temperatures. Priorto shipment a final q.c. election­
al and visual inspection is performed on all systems. 
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VII. Standards and Specifications 
The quality system implemented at FORCE Com­
puters conforms with and applies the following 
standards and specifications. 

BS5750 - Part 1 Specification for design, manu­
facture and installation. 

MIL-Q-9858A Quality program requirements. 
AQAP-1 NATO Quality Control System 

Requirements for Industry. 
AQAP-6 NATO Measurement and Cali­

bration System Requirements 
for Industry. 

IPC-SM-840 Qualification and performance 
of permanent polymer coat­
ings. 

MIL-P-5511 DC Military specification printed 
wiring boards. 

VIII. Material Flow Chart 

IPC-A-600C Acceptability of printed wiring 
boards. 

IPC-ML-910A Design and end production 
spec. for rigid mUlti-layer 
boards. 

MIL-STD-275D Printed wiring for electronic 
equipment. 

Workmanship standards as published by Martin 
Marietta Aerospace. 

GOODS ~ COMPONENT LOT DELIVERY TO ~ 
----t INWARDS ~ WAREHOUSE -CONFIGURATION- SUB-CONTRACTOR ~ 

PRODUCTION BOARD ~ SOLDER/ ~ DELIVERY TO 
----t STAGING -- STUFFING ~ CLEAN -~- FORCE COMPUTERS-4 

----t I5l-- IN-CIRCUIT _ FUNCTIONAL _ DYNAMIC -J6L- TO FINISHED -4 
~ TEST TEST BURN-IN- ~- GOODS WAREHOUSE 

PURCHASE ORDER ~ 
----t ORDER - CONFIGURATION - l2.J-,. 

D Q.C. INSPECTION POINTS 
1. Sample Visual AQL 1.0 
2. Sample Visual AQL 1.0 
3. Sample Visual AQL 1.0 
4. 100% Visual 
5. Sample Visual AQL 1.0 
6. Sample Electrical AQL 1.0/100% Visual 
7. Purchase Order, Documentation, Packaging 

SHIPTO 
CUSTOMER 

A comprehensive description of the quality system implemented by FORCE Computers is available in 
handbook form: 

Quality Assurance and Reliability Handbook 
First Edition, June 1987 

Part No. 800450 
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FORCE Computers 16 bit CPU Board 
Introduction 

There are six basic designs in the FORCE family of 
16 bit CPU boards. All the designs are available 
with a variety of options, which makes this family of 
boards one of the broadest and most comprehen­
sive available in today's 16 bit CPU marketplace. 

General Feature Overview 

For general purpose flexibility and functionality, the 
SYS68K/CPU-6 and the SYS68K/CPU-1 families 
provide all the features that the user could ever 
need. The CPU-6 family was designed as a function­
al update for the extremely popular CPU-1 family. 
The CPU-1 family was designed to rev. B of the 
VMEbus specification and provides ample RAM 
and EPROM areas for most small to medium sized 
applications. The family also includes 3 serial 1/0 
ports as standard. The CPU-6 was designed to 
provide complete SIW compatibility to the CPU-1 
family, provides all the same features, whilst con­
forming fully to the IEEE 1014 standard (Rev C. 
specification). In addition an optional 68881 float­
ing point co-processor was included. The CPU-1 
and CPU-6 families are the general purpose solu­
tion. 
If you require a standalone CPU board with suffi­
cient memory and 1/0 capability to manage small 
applications without the need for extra boards, 
then the SYS68K/CPU-2 family of boards may suit 
your requirements. The board has up to 512 Kbyte 
of memory, optional floppy disk controller, 32 Kbyte 
EPROM and serial and parallel 110 capabilities. The 
CPU-2 is the single board solution. 
If memory management and data protection is in 
your specification, then the SYS68K/CPU-3 family 
is the product for you. The 68010 CPU coupled with 
the 68451 memory management unit (MMU) and 
the 68450 DMA controller means that this board is 
ideally suited to UNIX type environments. The 
CPU-3 family is the memory managed solution. 
If your application requires that small to medium 
sized applications be committed to EPROM, then 
the SYS68K/CPU-4 family is designed especially 
for you. With 8 JEDEC compatible sockets, the 
user is provided with a potential 512 Kbyte of 
EPROM space. Coupled with the powerful 68010 
microprocessor, DMA controller with optional 
floppy dosk controller and serial and parallel 1/0, 
the CPU-4 family is the standalone solution. 
For true raw performance, the SYS68K/CPU-5 
family provides the maximum computing power 
available with a 16 bit 68000 microprocessor. With 
the local CPU and floating point co-processor run­
ning at a blistering 16.67MHz and with the 128 
Kbyte of local RAM inducing no wait states on the 
CPU, the CPU-5A is the 68000 performance stan­
dard. 
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All the 16 bit CPU boards are available in system 
configurations which take full advantage of all their 
features. These configurations may be found in the 
systems pages towards the end of this data book. 





FAMILY CPU-1 CPU-2 CPU-2V 

Processor Type 68000 68000 68010 
Frequency min. 8MHz 10MHz 10MHz 

max. 10MHz 10MHz 10MHz 

FPCPType - - -
Frequency - - -

DMACType - - -
Frequency - - -
MMUType - - -
Frequency - - -
DRAM on Board min. 128 Kbyte 512 Kbyte 512 Kbyte 

max. 512 Kbyte 1 Mbyte 1 Mbyte 

SRAM on Board min. - 16 Kbyte 16 Kbyte 
max. - 16 Kbyte 16 Kbyte 

Sockets for 4 4 4 
EPROM siS RAMs 

Debugger X X X 

VMEPROM - - -
Serial Ports (RS232) 3 (ACIA) 1 (MPCC) 1 (MPCC) 

Parallel Interface 2x 8bit 2 x 8bit 2x 8b1t 

Timer 1 x24bit 1 x 24 bit 1 x24bit 

RTC X X X 

Floppy Disk Controller - X X 
Bus Arbiter Single Level Single Level Single Level 

Watch Dog Timer X X X 

VMXbus Interface - - -

Detailed Description 
29 39 39 on Page: 

CPU-3V CPU-4VC CPU-5A 

68010 68010 68000 
10MHz 12.5 MHz 16.7MHz 
10MHz 12.5 MHz 16.7MHz 

- - 68881 
- - 16.7MHz 

68450 68450 68450 
10MHz 8MHz 8MHz 

68451 - -
10MHz - -

- - -
- - -

128 Kbyte 128 Kbyte 128 Kbyte 
128 Kbyte 128 Kbyte 512 Kbyte 

4 8 4 

X - -

- X X 

1 (MPCC) 1 (MPCC) 2 (MPCC) 

- 2x 8bit -
1 x24 bit 2x24bit 1 x24blt 

X X -

- (optional) -
Four Level Four Level Single Level 

X X X 

- - X 

45 53 61 

CPU-6 

68000 
8MHz 

12.5MHz 

-
-
-
-
-
-

512 Kbyte 
512 Kbyte 

-
-

4 

-
X 

3 (ACIA) 

2x 8bit 

1 x24bit 

X 

-
Single Level 

X 

-

69 

CPU-6V 

68010 
12.5 MHz 
12.5MHz 

68881 
12.5MHz 

-
-
-
-

512 Kbyte 
512 Kbyte 

-
-

4 

-
X 

3 (ACIA) 

2x 8bit 

1 x24 bit 

X 

-
Single Level 

X 

-
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SYS68K/CPU-1 BID 

System 68000 VME 
SYS68K/CPU-1B/D 
Universal CPU-Board 

• 68000CPU 
• 51' Kbyte DRAM 
• 3 Serial 1/0 Interfaces 
• Real Time Clock 
• Parallel 1/0 Interface 
• 1'8 Kbyte EP'ROM space 
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General Description SYS68K/CPU-1 B 
The SYS68K1CPU-1 B Board is a high perfor­
mance, low-cost system computer board based on 
the 68000 CPU and the VMEbus for high speed real 
time applications. 
It contains 128 Kbyte of DRAM, up to 128 Kbyte of 
EPROM/ROM, parallel I/O, a real-time clock, 3 
serial communications interfaces and the system 
monitor. 
The implemented VMEbus interface is VMEbus 
Rev. B compatible and includes the slave bus arbi­
tration as well as a single level bus arbiter. 

SYS68K/CPU-1 B Features 
• 68000 CPU ( 8 MHz) on CPU-1 B 
• 128 Kbyte of dynamic RAM with distributed 

refresh every 15pcsec. 
• 16 Kbyte of firmware in ROM/EPROM expand­

able to 64 Kbyte 
• 64 Kbyte of USER EPROM area or 16 Kbyte of 

USER SRAM area 
• Memory access times 

PROM 200 - 500 ns (jumper selectable) 
DRAM 280 ns (typ.) 

BLOCK DIAGRAM OF THE SYS68K/CPU-1 B 

ROM 

PARALLEL 
110 
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• Three serial communication ports with RS232 
compatible interface 

• Strap selectable I/O signal assignment 
• Parallel I/O with 2 ports 8 bit each 
• 24 bit Timer with 5 bit prescaler 
• Real Time Clock with on-board battery back-up 
• Auto Interrupt Vectoring for all on-board de-

vices (6 different interrupt levels and vectors) 
• Fully VMEbus compatible (Rev. B) 
• 7 interrupt levels from the VMEbus 
• Slave bus arbitration 
• Single level bus arbiter 
• RESET and ABORT function switches 
• HALT mode indication LED 
• Indirect connection on all connectors 
• Double Eurocard form factor with front panel 
• Self contained operating firmware that provides 

monitor, debug, one-line assembly/disassem­
bly, and I/O control functions. 

• Operating system software for different appli­
cations available. 

SYSTEM 
CONTROL 

LOGIC 



SYS68K/CPU-1B/D 

Features of the SYS68KI CPU-1 D 
• The CPU-1 0 contains the same features as the 

CPU-1B 
• The dynamic memory capacity is increased to 

512 Kbyte 

Functional Description 
Memory, real time clock, serial and parallel I/O 
communicate with the MPU via their common in­
temal system bus. 
Table 1. shows the global memory layout. The vari­
ous functional areas of the board are described 
briefly in the following paragraphs. 

Address 

000 000 Initialisation vectors 
000 007 from system EPROM 

000 008 Dynamic RAM on CPU-1 B 
01F FFF 

000 008 Dynamic RAM on CPU-1 0 
07F FFF 

080 008 SYSTEM EPROM Area 
09F FFF 

OAO 000 USER EPROMArea 
OBF FFF 

OEO 000 I/O Interfaces 
OFF FFF 

100 000 VMEbus addresses (A24) 
FEF FFF 

FFO 000 VMEbus Short I/O (A 16) 
FFF FFF 

1. 68000 CPU (8 or 10 MHz) 
The 68000 CPU has a 16-bit data bus and a 23-bit 
address bus. The address bus provides a direct 
memory addressing range of 16 Mbytes. The pro­
cessor has eight 32-bit data registers, seven 32-bit 
address registers, two 32-bit stack-pointers, a 32-
bit program counter, and a 16-bit status register. 
Seven interrupt levels allow an auto- and a non­
auto-interrupt vector mode (192 vectors). The 
68000 Data Sheet and the User's Manual describe 
the device in detail. 

2. The Dynamic RAM 
The local addresses space consists of 128 Kbyte 
with a typical access time of 280 ns. With the use of 
256K x 1 oriented DRAM's the memory capacity is 
increased to 512 Kbyte (on CPU-1 D). 
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For critical real time applications the distributed 
»RAS only" refresh can delay every 15 micro sec a 
pending access for a maximum of 290 ns. The 
refresh works totally asynchronous to the CPU. 
Therefore, no time delay is required if the CPU 
accesses other memory areas. 

3. The SYSTEM Area 
The SYSTEM area contains two sockets (28 pins) 
with a JEDEC compatible pin-out. This allows the 
use of different ROM's and EPROM's with a maxi­
mum capacity of 64 Kbyte. The access time of the 
SYSTEM area and of the USER area is jumper se­
lectable from 150 to 500 ns. 
Table 2. shows the list of usable devices. 
The SYS68K DEBUGGER firmware package re­
sides in two 2764 EPROM's (included in the ship­
ment). 

Table 2 EPROM 

2Kx16 4 Kbyte 2716 
4Kx16 8 Kbyte 2732 
8Kx16 16 Kbyte 2764 

16Kx 16 32 Kbyte 27128 
32Kx 16 64 Kbyte 27256 

4. The USER Area 
The USER area contains two 28 pin sockets with 
JEDEC compatible pin out. To allow the usage of 
static RAM's, the access to the USER area is byte 
oriented. 
Table 3. lists the usable device types. 

Table 3 EPROM SRAM 

2Kx16 4 Kbyte 2716 6116 

4Kx16 8 Kbyte 2732 

8Kx16 16 Kbyte 2764 6264 

16Kx 16 32 Kbyte 27128 

32Kx 16 64 Kbyte 27256 

5. Serial Communication Ports 
Three asynchronous serial communication ports, 
designated Port 1 for the terminal, Port 2 for the 
host, and Port 3 for user applications, are provided 
on the board. All of these ports are RS232C com­
patible (E. LA. standard). The terminal acts as a user 
interface and works in conjunction with the moni­
tor. Port 2 interfaces to a modem or directly to a 
host computer. The host computer may be used to 
provide more powerful software capabilities, such 
as program assembly and downloading of pro­
grams. Also an operational transparent mode con­
dition is callable via the system monitor. This trans­
parent mode effectively bypasses the board and 



allows the terminal to communicate directly with 
the host. The third serial communication port inter­
faces either to a printer or acts as a remote link to 
another computer. All serial ports are jumper se­
lectable for various data transmission rates (110-
9600 or 600-19200 baud). 
For each serial port the I/O signals can be assigned 
to one of the 25 pins of the D-sub female connector 
on the front panel. 

6. Parallel 110 
The board contains a Parallel Interface and Timer 
chip PlfT 68230 with a clock frequency of 8 MHz. 
The PlfT operates in uni- or bi-directional mode 
either 8 or 16 bits wide. 
Each of the 24 I/O lines may be configured as an in­
put or as an output. 
For asynchronous software control the third 8 bit 
port can be configured to drive two interrupts on 
level 5, one for the handshake interface and one as 
a ti mer output. 

7. Programmable Timer 
The PlfT 68230 (Parallel Interface and Timer) inclu­
des a 24-bit programmable timer. The timer is a 
synchronous counter to be used for generating or 
measuring time delays and various frequencies. 
The timer is either clocked by a 5-bit prescaler or 
directly, and the clock source can either be the 8 
MHz CPU clock or an external clock. 

8. Programmable Real Time Clock 
The on-board Real Time Clock (RTC) allows vari­
ous applications, such as time scheduling, time 
comparison, time-out counter, etc. Additionally, 
the real time clock may act as an actual time base 
providing month, day of month and day of week. An 
on-board battery ensures time base operation dur­
ing power down times. 

9. On-Board Interrupt Handling 
All on-board devices are able to force interrupts on 
different levels to the CPU. In this case the auto­
interrupt vector of the 68000 will be forced and 
each device has its own interrupt vector. 
Table 4. shows the interrupt structure of the CPU-
1B/D. 

Description Device Level Vector No. 

ABORT Switch 7 31 
Real Time Clock 58167A 6 30 
Parallel Interface 68230 5 29 
andTimerChip 
Terminal ACIA 6850 4 28 
Remote ACIA 6850 3 27 
HostACIA 6850 2 26 
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10. The VMEbus 
The implemented VMEbus Interface includes 24 
address, 16 data, 6 address modifier and the asyn­
chronous control signals. 
A single level bus arbiter is provided to build multi 
master systems. In addition to the bus arbiter, a 
separate slave bus arbitration allows selection of 
the arbitration level (0-3). 
The address modifier range .,Short 110 Access« can 
be selected via a jumperfor variable system gener­
ation. 
The 7 interrupt request levels of the VMEbus are 
fully supported from the SYS68K1CPU-1 B/D. For 
multi-processing, each IRQ signal can be enabled/ 
disabled via a jumper field. 
Additionally, the SYS68K1CPU-1 B/D supports the 
ACFAIL, SYSRESET, SYSFAIL and SYSCLK signal 
(16 MHz). 

11. The DEBUGGER Firmware 
The SYS68K1CPU-1 series of boards operate under 
control of the DEBUGGER firmware. This 32 Kbyte 
software package provides an easy interface to the 
SYS68K family hardware and offers excellent func­
tionality. The DEBUGGER is a system monitor 
which controls communication with the terminal 
and exercises other elements of the system. It pro­
vides debug capability, one-line assembly/dis­
assembly, and I/O control. 
For program development and debug, a dynamic 
line-by-line editor/assembler function is used. 
Each instruction is translated into the proper op­
code and stored in the memory. 
In order to display an instruction, the firmware dis­
assembles the opcode and displays the instruction 
mnemonic and operands. 
Data and programs can be uploaded and down­
loaded via a serial port (HOST INTERFACE). 
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The DEBUGGER has the following features: 

COMMAND SUMMARY 

BF <address1 > <address2> <data> <CR> 

BM <address1 > <address2> <address 3> 
<CR> 
BR [<address> [; <count» ... ) <CR> 
BS <address1> <address2> <data> <CR> 
BT <address1 > <address2> <CR> 
DC <expression> <CR> 
DF<CR> 
DU [n) <address1 > <address2> 
[<string» <CR> 
GO [<address» <CR> 
GO [<address» <CR> 
GT <address> <CR> 
HE<CR> 
LO [n) [;<options» <CR> 
MD <address> [<count» <CR> 
MM <address> [<data» [;<options» <CR> 
MS <address> <data1 > <data2> < ... <CR> 
NOBR [<address> ... ) <CR> 
NOPA<CR> 
OF<CR> 
PA<CR> 
PF[n) <CR> 
RM<CR> 
TM [<exit character» <CR> 
TR [<count» <CR> 
TT <address> <CR> 
VE [n) [<string» <CR> 

.AO - .A7 [<expression» <CR> 

.00 - .07 [<expression» <CR> 

.RO - .R6 [<expression» <CR> 

.PC [<expression» <CR> 

.SR [<expression» <CR> 

.SS [<expression» <CR> 

.US [<expression» <CR> 

MD <address> [<count»; 01 <CR> 
MM <address>;DI <CR> 

DESCRIPTION 

Block Fill memory - from addr1 through addr2 
with data 
Block Move- move from addr1 through addr2to addr3 

SeVdisplay Breakpoint 
Block Search - search addr1 through addr2 for data 
Block Test of memory 
Data Conversion 
Display Formatted registers 
Dump memory to object file 

Execute program 
Go direct 
Exec prog: temporary breakpoint 
Help; display monitor commands 
Load Object file 
Memory Display 
Memory Modify 
Memory Set - starting at addr with data 1. data 2 •.. 
Remove Breakpoint 
Pri nter Detach 
Offset 
Printer Attach 
Set/display Port Format 
Register Modify . 
Transparent Mode 
Trace 
Trace: temporary breakpoint 
Verify memory/object file 

Display/set address register 
Display/set data register 
Display/set offset register 
Display/set program counter 
Display/set status register 
Display/set supervisor stack 
Display/set user stack 

Disassemble memory location 
Disassemble/Assemble memory location 
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Specification of the SYS68K/CPU-1 BID 

Microprocessor 
Parallel 1/0 

Serial 1/0 

Timer 
Real Time Clock 

Memory 

Firmware 

Power Requirements 

Operating Temp. 
Storage Temp. 
Relative Humidity 
Board Dimensions 

Ordering Information: 

SYS68K1CPU-1 B 
Part No. 100100 

SYS68K1CPU-1 D 
Part No. 100102 

SYS68K1CPU-1 B/U M 
Part No. 800100 

68000 (8 MHz on CPU-1 Band 10 MHz on CPU-1 D 
68230 PI/T, 16 data lines and 8 control lines 
configurable as a Centronics parallel interface 
3 RS232C interfaces, strap selectable baud rate from 
110-9600 or 600-19200 baud 
One 24-bit timer with a 5-bit prescaler, 
Programmable real time clock with on-board battery 
back-up 
128 Kbyte of RAM,on CPU-1 B, 512 Kbyte of RAM on CPU-1 D 
64 Kbyte of SYSTE M area, 
64 Kbyte of USER area. 
32 Kbyte of monitor called DEBUGGER including 
a one-line assembler/disassembler 
+5V/2.8A, +12V/200mA 
-12V/200mA 
o to +60 degrees C 
-50 to +85 degrees C 
0-95 % (non-condensing) 
Double Eurocard 234 x 160 mm (9.2 x 6.3' ') 

68000 CPU Board including User's Manual 
(8MHz clock frequency 1128 Kbyte RAM) 

68000 CPU Board including User's Manual 
(1 OMHz clock frequency 1512 Kbyte RAM) 

User's Manual for all CPU-1 Products 
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System 68000 VME 
SYS68K/CPU·2 
High Performance CPU-Board 
with Dual Ported RAM 

• Up to 1 Mbyte of DPR 
• 10 MHz CPU Clock 
• Floppy Disk Controller 
• RS232 Interface 
• Parallell/O 
• Real Time Clock 
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General Description CPU-2 
The SYS68K/CPU-2 board can be used as a single 
board computer, as well as in high performance 
multi-processor environments. 
The CPU-2 board is available with a 68010 CPU 
(10 MHz), which is software compatible to the stan­
dard 68000, and offers additional features, such as 
virtual memory management and enhanced error 
exception handling. 
The CPU-2 offers either 512 Kbyte or 1 Mbyte of 
dual ported dynamic memory. The parallel inter­
face and timer device 68230 contains 24 bidirectio­
nall/O lines and a 24 bit timer. For real time appli­
cations the Real Time Clock 58167A with date and 
time of day is used. 
In addition, the Floppy Disk Controller WD 1770 
can control up to four different Floppy Drives with a 
Shugart compatible interface. 

BLOCK DIAGRAM OF THE SYS68K/CPU-2 
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Features ofthe SYS68K/CPU-2 
• Processor 68000 (68010 optional) with 10 MHz 

clock frequency 
• Dual Ported Memory with 512 Kbyteand 1 Mbyte 

versions 
• Parallel Interface with 24 bidirectional I/O lines 
• 24 bit Timer with 5 bit prescaler 
• Real Time Clock with date and time of day 
• 8 bit output register with 8 control/indicator 

LEDs on the front panel 
• Floppy Disk Controller for up to 4 Floppy Disk 

Drives (Shugart compatible interface) 
• All I/O interface devices are able to force inter­

rupts 
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Functional Description 
The EPROM array and the 1/0 devices communi­
cate with the CPU via their 23 bit address bus and 
16 bit data bus. The functional areas are briefly de­
scribed in the following paragraphs. 

68000 CPU 
The CPU packed in a Pin Grid Array with 68 pins 
contains eight 32 bit data registers, seven 32 bit 
address registers, two 32 bit stack pointers, a 32 
bit program counter, and a 16 bit status register. 
The processor is able to react on 7 different inter­
rupts from the local and from the VMEbus. Proces­
sor clock frequency is 10 MHz. 

Virtual Processor 68010 
The 6801 0 CPU is a virtual machine, software com­
patible to the standard 68000. Error exception 
handling is optimized. On occurrence of an error 
the program counter and the access address are 
stored on the stack for easy handling and diagnos­
tics. Therefore the system software is able to cor­
rect even catastrophic failures, thus preventing 
system crashes. The processor clock frequency is 
10 MHz. 

EPROM Area 
The SYS68K/CPU-2 contains two 28 pin sockets 
for JEDEC compatible EPROM's. The base ad­
dress of the EPROM area is selectable and easy to 
change via plug-in jumpers. Maximum EPROM 
space is 32 Kbyte when using 27128 devices. 

RS232 Interface 
The board contains a RS232 compatible interface 
to transfer information to/from other Data Commu­
nication Equipment (DCE). The interface chip used 
is a Multi-Protocol Communications Controller 
(MPCG) 68561. This device allows the use of all 
standard byte or bit oriented protocols in synchro­
nous, or asynchronous modes. 
The following protocols may be selected: 
- Binary Synchronus Communications (BSG) 

IBM ASCII and IBM EBCDIC 
- Character Oriented Protocols (COP) 

BSC, DDCMP, X3.28, X.21, ECMA-16 
- Bit Oriented Protocols (BOP) 

SDLC, HDLC/ADCCP, X.25 
The internal clock for the modem handshake inter­
face is software programmable from 50 to 38400 
baud. 
The MPCC is able to force an interrupt in a fully 
asynchronous software handling mode. (Three dif­
ferent software programmable interrupt vectors 
are available.) 
A wire wrap configuration area allows various sig­
nal assignments to the 25 pin D-sub-connector on 
the front panel. The base address of the MPCC is 
jumper selectable for easy system configuration. 
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Dual Ported RAM (DPR) 
The on-board CPU communicates with the dyna­
mic RAM storage area via a special bus system. 
Transfers tolfrom the DRAM area are controlled by 
special arbitration logic. The base address and the 
address modifier code of the DPR is jumper select­
able to be at any global address in the system envi­
ronment. 
The DPR storage array is accessible from the VME­
bus and also from the on board CPU under the 
same access address and the same address modi­
fier code. A special mode can be selected so that 
the DPR array works only as local memory (not ac­
cessible from the VMEbus). 
Storage capacity is 512 Kbyte or 1 Mbyte of DRAM 
with access times of 340ns on a READ and WRITE 
with no access from the 2nd bus. 
The on-board auto refresh for the DRAM's forces a 
maximum delay of 290ns and works transparent to 
other accesses. 

Parallel 1/0 (PItT) 
The board contains a special I/O interface (PIIT 
68230) with 24 bidirectional I/O lines which are ac­
cessible via the second 96 pin male connector. A 
special jumper can enable the 24 bit timer to drive 
an interrupt to the local bus. Clock frequency of the 
PI/T is 8 MHz to provide high data throughputs for 
critical real time applications. 

Real Time Clock (RTC) 
The on-board RTC includes a calendar indicating 
month, day of the month, day of the week, hours, 
minutes, seconds, 1/100 seconds and 1/1000 se­
conds. 
An interrupt control register enables or disables the 
interrupt output of the RTC. A special jumper en­
ables the interrupt signal to the local interrupt bus. 
The RTC can be connected to the +5V standby 
power line of the VMEbus or to a special line of the 
1/0 connector. Therefore all the data patterns are 
stored during power failures or in power down 
mode. 

Control Register (CR) 
The board contains an 8 bit buffered latch which is 
used to define the Floppy Disk Drive to be enabled 
and serves as a general purpose output port. 
The levels of the output lines are indicated by 8 
LED's on the front panel. These LED's may be used 
as status and test indicators. 

Floppy Disk Controller I Formatter (FDC) 
The on-board FDC with its fully buffered output 
(48mA sink) contains an SA450 compatible inter­
face for direct connection to Floppy Disk Drives. 
With the specially buffered output the drive (1-4) 
can be selected and controlled. The on-board con­
troller WD1770 is able to control double and single 
sided drives in both double and single density 
modes. 



For asynchronous handling, the FDC can force an 
interrupt to the local bus. 
The interface lines are accessible via the I/O con­
nector (flat cable 1: 1 to the Floppy Drive Edge 
Connector). 

Control Logic 
On the board there are three switches for control. 
The RESET button resets the CPU and all I/O de­
vices. Pushing the ABORT button generates an 
interrupt on level 7. The RUN/HALT switch sets the 
CPU into HALT mode and is indicated with a red 
LED, otherwise the green RUN LED is lit when the 
CPU is in RUN mode. 
For easy indication that the board is the current 
VMEbus master, a BUS MASTER LED indicator is 
provided on the front panel. 
To abort invalid address accesses, a time-out 
~ounter is provided on the board. It generates a 
time-out from 81Ls up to 2 ms Gumper selectable}. 

VMEbus Interface 
The SYS68K1CPU-2 board is completely VMEbus 
compatible and drives/receives the address modi­
fier (AM) signals. A special address modifier en­
coder is used to provide the short supervisor I/O 
access and the short non privileged I/O access 
(AM4 active). 
The bus control signals Address Strobe (AS), Data 
Strobe 0,1 (DSO, DS1), and Write (WR) have drive 
capability of 64 mA in accordance to the VMEbus 
specification. 
Each interrupt signal of the VMEbus can be en­
abled or disabled on the board so that in a multi­
processor environment several interrupt signals 
may be reserved for each CPU board individually. 
The on-board interrupt sources are handled indi­
vidually offering transparent handling and self test 
capabilities. 
For multi-master environments the board contains 
full slave bus arbitration on one of the four select­
able daisy chain levels. 
The board works completely asynchronous to the 
VMEbus and the bus master state so that on-board 
transfers to/from the I/O from the EPROM area and 
to/from the Dual Ported RAM can be initiated if an­
other VMEbus board is the current bus master. 
To provide full address decoding, all addresses 
which are not on-board (DPR, EPROM, I/O) are de­
coded as off-board addresses. This allows confi­
guration of contiguous memory space of RAM on a 
selected address range by means of an additional 
RAM board. 

Features of the resident DEBUGGER package: 
• EPROM resident system monitor/debugger 
• More than 30 commands for debug, up/down­

line load 
• One-line assembler/disassembler for assembly 

language program development 
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• Full speed execution of system and user pro­
grams operating in the VMEbus oriented mono­
board microcomputer system 

• Terminal capability for up/downline load from 
another development system or any host com­
puter 

• Powerful software and system debug com­
mand set allowing access to all VME modules 
plus the full 16 Mbyte direct address range of 
the VME system bus 

• Includes all required installation and operation 
docu mentation 

• Access to monitor resources via vectorized en­
tries and the TRAP 14 calling sequence 

• Start of a user application program or optional 
software by command 

The CPU-2 DEBUGGER is an EPROM based re­
sident package ready for immediate use with the 
VME monoboard CPU-2. 
It provides a powerful evaluation and system de­
bugging tool for VME based CPU systems. The 
EPROM resident package operates in 32 Kbyte of 
ROM space. CPU-2 DEBUGGER uses the first 
1024 words of RAM storage for interrupt vectors 
and temporary storage. The EPROM resident 
package is delivered in two EPROM's. 
The package permits full speed execution of sys­
tem and user developed programs operated in a 
VME based CPU system environment under com­
plete operator control. 
Access to monitor resources and configuration 
control is given by vectorized system entries and a 
TRAP 14 calling sequence. The DEBUGGER may 
be utilized with the VME based CPU mono board 
microcomputer SYS68K1CPU-2 in a standalone 
environment with only a user provided standard 
asynchronous ASCII terminal. 

Assembler I Disassembler Capability 
The on-board assembler does not allow line num­
bers and labels; however, it is a powerful tool for 
creating, modifying, and debugging 68000 code. 
The on-board assembler processes each line of a 
program as an individual unit. 
• In order to read back a program after it has been 

entered, the machine code is disassembled and 
then displayed as mnemonic and operands. 

• The one-line assembler shows a question mark 
(7) under the portion of the source statement 
where an error probably occurred, or displays a 
short error message. 

• One directive (DC.W) is accepted. 
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The symbolic language used to code source pro­
grams for processing by the assembler is called 
68000 assembly language. This language is a col­
lection of mnemonics representing: 

• Operators 
• Special symbols 
A source program is a sequence of source state­
ments arranged in a logical way to perform a prede­
termined task. Each source statement occupies a 
line and must be either an executable instruction or 
a DC.W assembler directive. Each source state­
ment follows a consistent source line format. 

• Operations 
- 68000/68010 machine instruction 

operation codes 
- Directive (pseudo-op) 

Specification 

Microprocessor 

JEDEC Sockets 

1/0 

Dual Ported RAM 

Bus Interface 

Included Firmware 

Power Requirements 

Operating Temperature 
Storage Temperature 
Relative Humidity 
Board Dimensions 

CPU-2 

68000/10 MHz 
68010/10 MHz 
(virtual processor) 
2 EPROM sockets 
for 2764 or 27128 devices 
(8Kx8 or 16Kx 8) 
2 Static RAM's 
6264 (16 Kbyte) 
Multi-Protocol 
Communications Controller 
with RS232 compatible 
interface 
Parallel Interface (68230) 
with 24 bidirectional 1/0 lines 
and a 24 bit timer 
Real Time Clock 
Floppy Disk Controller 
WD1770 with Shugart 
compatible interface 
Status is signaled 
by 8 LED's on the front panel 
256 Kbyte of DPR 
340ns (typ) write 
340ns (typ) read 
512 Kbyte of DPR optional 
1 Mbyte of DPR optional 
VMEbus Interface 
implemented 
A16:D8,D16and 
A24: D8, D16 mode 
Slave bus arbitration 
Release on request 
Release afterTi me-out 
One Level Bus Arbiter 
Full interrupt handling 
DEBUGGER firmware 
with line by line 
assemblerl disasse mbler 
+5V/3.2A (max) 
+12V/200mA(max) 
-12V 1200mA (max) 
o to + 50 degrees C 
-50 to + 85 degrees C 
0-95% (non condensing) 
Double Eurocard 234 x 160 mm (9.2 x 6.3 inch) 
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Ordering Information: 

SYS68K1CPU-2B 
Part No.1 00202 

SYS68K1CPU-2F 
Part No.1 00205 

SYS68K1CPU-2VB 
Part No.1 00212 

SYS68K1CPU-2VC 
Part No. 100213 

SYS68K1CPU-2/UM 
Part No. 800136 

68000.10 MHz. 512 Kbyte OPR. including User's Manual 

68000,10 MHz, 1 Mbyte OPR, including User's Manual 

68010,10 MHz. 512 Kbyte OPR. including User's Manual 

68010.10 MHz, 1 Mbyte OPR, including User's Manual 

User's Manual for ali CPU-2 Board versions 
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System 68000 VME 
SYS68K/CPU·3VB 
CPU Board 
with Memory Management 

• 68010 with 10 MHz Clock 
• 68451 MMU with 10 MHz Clock 
• 68450 DMAC with 10 MHz Clock 
• 118 Kbyte No Wait State SRAM 
• RSI31 Interface 
• UNIX Operating System Available 
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General Description SYS68K/CPU-3VB 
The SYS68K/CPU-3VB board is a high perfor­
mance multi-processor computer board built 
around the virtual 68010 CPU and the VMEbus. 
It contains a Memory Management Unit, Direct 
Memory Access Controller, 128 Kbyte SRAM, 
128 Kbyte EPROM and powerful control functions. 
The implemented VMEbus interface is fully VME­
bus-compatible and includes a slave bus arbitra­
tion as well as a four level prioritized prbiter. 

SYS68K/CPU-3VB Features 
• 68010,10 MHz 
• 68450 Direct Memory Access Controller with 

10 MHz 
• 68451 Memory Management Unit with 10 MHz 
• 68561 Multi-Protocol Communications Con­

troller with an RS232-compatible interface 
• 68230 Parallel Interface and Timer Module for 

local control . 
• 58167 Real Time Clock with battery back-up 
• 128 Kbyte high-speed static RAfV1 
• 4 EPROM sockets for system and/or User pro­

grams (max 128 Kbyte) 

BLOCK DIAGRAM OF THE SYS68K/CPU-3VB 
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• All on-board devices are able to interrupt the 
on board CPU (vector or auto-vector) 

• 4 level Bus Arbiter (prioritized) 
• Slave bus arbitration on a jumper selectable 

level (0-3) 
• RESET and ABORT function switches 
• 8 status LEDs 
• Self-contained operating firmware providing 

monitor, debug, on-line assembly/disassembly 
and I/O control functions 

• UNIX Operating system available 

Functional Description 
The DMA Controller, Multi-Protocol Communica­
tion Controller and the Memory Management com­
municate with the CPU via the unbuffered physical 
address and data bus. The EPROM areas, static 
RAM, Real Time Clock, Parallel Interface and Timer 
Module as well as the VMEbus interface communi­
cate with the CPU via the buffered physical address 
and data bus. 
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Table 1 - CPU-3VB Memory Layout 

Address Description 

000000 
to Start Vectors from System EPROM 

000007 

000008 
to Static RAM (128 Kbyte) 

01FFFF 

008000 
or 

020000 VMEbus Addresses 
to 

EFFFFF 

FOOOOO 
to SYSTEM and USER EPROM Area 

F3FFFF 

F40000 
to LOCAL I/O Devices 

F4FFFF 

FFOOOO 
to Short I/O VMEbus Addresses 

FFFFFF 

1. 68010 Central Processing Unit 
The high performance 68010 CPU with its upgraded 
68000 instruction set and virtual memory support 
offers a total of 16 Mbyte of addressable memory 
through its 23 address signals. The fully asynchro­
nous 16 bit data bus allows high speed data trans­
fers to/from the on-board or VMEbus memory and 
I/O areas. 
The SYS68K1CPU-3VB uses an 10 MHz 68010 
processor. To provide fault tolerant systems, the 
CPU provides excellent exception handling if an er­
ror or interrupt occurs. The status and all addresses, 
as well as the fault address are stored on the stack 
to provide diagnostic and correction as well as re­
run functions. 

2. 68450 Direct Memory Access Controller 
A high-speed DMA Controller is used on the board 
to move data to and from the VMEbus. Its four 
channels can be used from the operating system 
and/or shared with user programs. 
The DMAC has a maximum data transfer speed of 
4 Mbyte per second. Time-critical programs can be 
loaded into the local RAM via the DMAC, giving 
number cruncher applications no time overhead 
through the VMEbus. This also results in a lower 
VMEbus load. 
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3. 68451 Memory Management Unit (10 MHz) 
The powerful 68451 MMU is used on the SYS68K1 
CPU-3VB to provide memory allocation, paging 
and segmentation, as well as write protection of al­
located memory areas. 
When special bits are programmed through the 
Parallel Interface and Timer Module, the logical 
address of the CPU and the DMAC can be trans­
lated through the MMU into the physical address 
where the memory, I/O devices, and the VMEbus 
are connected. If these bits are not activated, no 
MMU translation is performed and the access 
speed is faster (default condition). 
The two PI/T signals define whether an MMU 
operation has been initiated or not. The detailed 
diagram of the physical and logical address bus is 
shown in Figure 1. 
The MMU can be enabled and disabled for each de­
vice seperately (CPU and DMAC). This offers maxi­
mum flexibility for operating systems and application 
programs. Table 2 shows how much time overhead 
must be added if an MMU operation is enabled. 

Table 2 - Address Translation Times 

No 
MMU Translation MMU Translation 

CPU 235ns 15ns 
DMAC 235ns 15ns 

4. The Static RAM 
The SYS68K1CPU-3VB contains 128 Kbyte of static 
RAM. The access time of the static RAM is 70ns for 
both reads and writes. 
This allows the CPU to run with only wait state 
trough the MMU. 

5. The SYSTEM and USER Area 
The SYSTEM area consists of two sockets for 
JEDEC-compatible EPROM devices. The SYS68K1 
CPU-3VB DEBUGGER firmware resides with its 
boot-up and I/O control functions in two devices 
(included in the shipment). 
The USER area is provided for the use of EPROMs 
or SRAMs (JEDEC compatible pin-out). 
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Table 3 - lists the usable device type for each area. 

User System Total 
Device Type Organisation Area Area Capacity 

2764 EPROM 8Kx8 X X 32 Kbyte 
27128 EPROM 16Kx8 X X 64 Kbyte 
27256 EPROM 32Kx8 X X 128 Kbyte 

6264 SRAM 8Kx8 X 16 Kbyte 

The access times for the SYSTEM and for the USER areas are jumper-selectable from 1 OOns to 400ns. 

Figure 1 - The CPU-3VB Address Translation Handling 

68010 CPU 68450DMAC 68561 MPCC 
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6. 68561 Multi-Protocol 
Communication Controller 

The MPCC contains different protocols to commu­
nicate vi~ the RS232-compatible interface to a 
user-supplied SElrial communication device. 
Protocols: IBM binary synchronous (ASCII or 

, IZBCDIC) 
Character oriented protocols (BSC, 
DDCMP, X3.28, X.21, ECMA 16) 
SynChronous Bit oriented protocols 
(SOLC, HDLC, ADCCP, X.25) 

A software-programmable baud rate from 110 to 
384QO baud ;:Ind a local loop-back mode provide 
maximllm fl~xibility. 
Th~ I/P signal:as!3lgnment of the 4 input and 4 out­
put signals to the 25 pin D-Sub connector on the 
fronf panel is jumper selectable. 
The MPCC is apls to force an interrupt to the CPU. 

7. 68230 Parallel Interface apd Timer 
Module 

Th~ RILT with its 8 ~Hz clock frequency allows an 
optiCal status display through the eight yellow sta­
tus !-Eps on'the frdnt panel. 
Inter~upts are controlled through the 2nd port. 
Each interrupt request level can be enabled or dis­
a~led :trrough ~ CpU command. The exception 
signals ACf=AIL alld SYSFAIL are monitored 
through the 3rd port. Additionally, both the MMU 
translation for the Gf>U and the DMAC and the bus 
release funtti6ns are software programmable 
through this p·ort. 
The' f>lfT I/O ports are used for local control only 
aro inCilIde a 24-bit programmable timer. This 

T~ble4 

Device Name IRQ Level 

SWITCH ABORT 7 
58167A RTC 6 
68230 PI/T 5 
68451 MMU 4 
685!31 MPCC 3 
68450 DMAC 2 

11. The VMEbus Interface 
The implemented VMEbus interface includes 23 
address, 16 data, 6 address modifier and different 
control signals. 
A 4'level Bus Arbiter with a prioritized scheme pro­
vides fast pus arbitration (if required). 
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timer may be used for generating or measuring time 
delays, or as a watchdog timer. The PlfT timer inter­
rupt request signal is used to force an interrupt to 
the CPU. 

8. 58167 Programmable Real Time Clock 
The on-board RTC allows various applications 
such as time scheduling, time comparison, time­
out counter etc. 
Additionally, the RTC may act as an actual time 
base independent from the main power, providing 
month, day of month, and day of week. An on­
board battery ensures time base operation during 
power-down. 

9. On-Board Exception Handling 
The board contains two switches - a RESET and an 
ABORT switch. During an activated RESET, all on­
board devices along with the CPU are reset. 
Additionally, the reset can be forced to the VMEbus 
if this card is used as the master controller (slot 1 
function). 
During a pushed ABORT switch, an interrupt is 
forced on level 7 (non-maskable). 
The 16 MHz SYSCLK signal can be forced to the 
VMEbus if the jumper setting has been set. 

10. On-Board Interrupt Handling 
All on-board devices are able to force interrupts to 
the CPU on different levels. Table 4 shows the inter­
rupt structure of the SYS68K/CPU-3VB: 

Interrupt Software Prog. 
Auto Vector Interrupt Vector 

X 
X 
X 

X 
X 
X 

A seperate slave bus arbitration on a jumper selec­
table level (0-3) provides the bus request/bus busy 
handshake to the used bus arbiter. 7 VMEbus inter­
rupt request levels may be enabled/disabled via 
jumpers to provide a multi-processing environ­
ment. 



12. The DEBUGGER Firmware Features 
• EPROM resident system monitor/debugger 
• More than 30 commands for debug, up/down­

line load 
• One-line assembler/disassembler for assembly 

language program development 
• Full speed execution of system and user pro­

grams operating in the VMEbus oriented micro­
computer system 

• Terminal capability for up/downllne load from 
another development system or any host com­
puter 

• Powerful software and system debug command 
set allowing access to all VME modules plus the 
full 16 Mbyte direct address range of the VME 
system bus 

• Includes all required installation and operation 
documentation 

• Access to monitor resources via vectored entries 
and a TRAP 14 calling sequence 

• Start of user application program or optional 
software by command 

The CPU-3VB DEBUGGER is an EPROM based 
resident package ready for immediate use with the 
VME monoboard CPU-3VB as well as for VME­
based microcomputer products. It provides a 
powerful evaluation and system debugging tool for 
VME-based CPU systems. The EPROM resident 
package will operate in 16 Kbyte of ROM space. 
The CPU-3VB Monitor uses the first 1024 words of 
RAM storage for interrupt vectors and temporary 
storage. 
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The package permits full speed execution of system 
and user developed programs operated in a VME­
based CPU system environment under complete 
operator control. Access to monitor resources and 
configuration control is given by vectored system 
entries and a TRAP 14 calling sequence. 

13. Assembler/Disassembler Capability 
The on-board assembler does not allow line num­
bers and labels; however, it is a powerful tool for 
creating, modifying, and debugging 68010 code. 
The on-board assembler processes each line of a 
program as an individual unit. 
• In order to read back a program after it has been 

entered, the machine code is disassembled and 
then displayed as mnemonic and operands. 

• The one-line assembler shows a question mark 
(?) under the portion of the source statement 
where an error probably occurred, or display a 
short error message. 

• Only one directive (DC.w) is accepted. 
The symbolic language used to code source pro­
grams for processing by the assembler is called 
68010 assembly language. This language is a col­
lection of mnemonics representing: 
• Operations: 68010 machine instruction 

operation codes Directive 
(pseudo-op) 

• Operators 
• Special symbols 
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Specification of the SYS68K/CPU-3VB 

Microprocessor 
DMA Controller 
Memory Management Unit 

Serial I/O 

Control 
Real Time Clock 
SRAM 
EPROM 

VMEbus 

Arbiter 
Firmware 
Power 
Requirements 

Operating Temp 
Storage Temp 
Relative Humidity 
Board Dimensions 

Ordering Information 

SYS68K/CPU-3VB 
PartNo.100312 

SYS68K/CPU-3VB/HUM 
Part No. 800003 

SYS68K/CPU-3VB/SUM 
Part No. 800038 

68010 CPU 10 MHz 
68450 DMAC 10M Hz 
68451 MMU 1 OMHz with software programmable address 
translation, paging and address range protection 
68561 Multi-Protocol Communication Controller with 
a software-selectable baud rate from 110 to 38400 baud and 
variable I/O signal assignment 
68230 PI/Tfor local control and timer function 
58167 RTC with Calendar and on-board battery back-up 
128 Kbyte 
128 Kbyte of EPROM (max) 
(JEDEC compatible devices) 
Full VMEbus compatible interface with a slave bus arbitration. 
Slot 1 Control functions. 
4-level prioritized bus arbiter with bus clear generation. 
32 Kbyte of monitor called DEBUGGER 
+5V /3.9A (max) 
+ 12V 1200mA (max) 
-12V/200mA(max) 
o to +50 degrees C 
-50 to +85 degrees C 
0- 95 % (non-condensing) 
Double Eurocard 234 x 160 mm (9.2 x 6.3") 

68010 CPU Board with 10 MHz CPU and DMAC clock frequency, 
128 Kbyte SRAM. 
HUM and SUM included. 

Hardware User's Manual 

Software User's Manual 
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System 68000 VME 
SYS68K/CPU-4 VC 
Fast Multiprocessor CPU Board 
with Battery-Backup 

• 1'.5 MHz 68010 CPII' 
• 1'8 Kbyte No Wait State SRAM 
• 51' Kbyte EPROM capacity 
• Real Time Clock 
• 68450 DMA Controller 
• Installed Real Time Kernel 

53 



SYS68K/CPU-4 VC 

54 



General Description SYS68K1CPU-4VC 
The SYS68K/CPU-4VC board is a high perform­
ance multi-processor computer board built around 
the virtual 68010 CPU and the VMEbus. 
It contains a Direct Memory Access Controller, 
32 or 128 Kbyte SRAM, up to 512 Kbyte EPROM 
and pqwElrful control functions. 

BLOCK DIAGRAM OF THE SYS68K/CPU-4VC 

I RS 232 I 

1 

SYS68KK/CPU-4VC 

The implemented VMEbus interface is fullyVMEbus 
and IEEE 1014 standard compatible and includes a 
slave bus arbitration as well as a four level priori­
tized Arbiter. 
The block diagram shows the SYS68K/CPU-4VC 
board structure in detail. 
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SYS68K/CPU-4VC Features 
• 68010 CPU with 12.5MHz clock frequency 
• 68450 Direct Memory Access Controller with 

8MHz clock frequency 
• 68561 Multi-Protocol Communications Con­

troller with an RS232-compatible interface 
• 68230 Parallel Interface and Timer Module with 

8MHz clock frequency for local control and 
status display 

• 68230 PIT with 8MHz clock frequency for paral­
lei 110 on P2 connector 

• 58167 Real Time Clock with battery backup 
• 128 Kbyte of high-speed static RAM with on­

board battery backup 
• 8 EPROM sockets for system and/or user pro­

grams (max. 512 Kbyte) 
• All on-board devices are able to interrupt the 

on-board CPU (vector or auto-vector) 
• 4 level Bus Arbiter (prioritized scheme) 
• Bus Requester on ajumper selectable level (0-3) 
• RESET and ABORT function switches 
• 8 status LEDs 
• Powerful Real Rime Monitor/Debugger VME­

PROM on board 
• High level Real Time Operating Systems are 

available for different applications 
• Optionally available: 

1772 Floppy Disk Controller for up to four 3", 
31//,51// Drives 

Functional Description 
The DMA Controller and Multi-Protocol Commu­
nication Controller communicate with the CPU via 
the unbuffered address and data bus. The EPROM 
areas, static RAM, Real Time Clock, Parallel Inter­
face and Timer Module as well as the VMEbus inter­
face communicate with the CPU via the buffered 
address bus. 
Table 1 shows the global memory layout, and the 
various functional areas of the board are described 
briefly in the following paragraphs. 

1.68010 Central Processing Unit 
The high performance 6801 0 CPU with its up-grad­
ed 68000 instruction set and virtual memory sup­
port offers a total of 16 Mbyte of addressable 
memory through its 23 address signals. The fully 
asynchronous 16 bit data bus allows high speed 
data transfers to/from the on-board or VMEbus 
memory and I/O areas. 
The SYS68K1CPU-4VC series uses a 12.5 MHz 
68010 processor. To provide for fault tolerant sys­
tems, the CPU provides excellent exception hand­
ling if an error or interrupt occurs. The state and all 
addresses, as well as the fault address are stored 
on the stack to provide diagnostic and correction 
as well as re-run functions. 
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Table 1 CPU-4VC Memory Layout 

Address Description 

000000 
to Start Vectors from System EPROM 

000007 

000008 
to Static RAM 

01FFFF 

008000 
or 

020000 VM Ebus Addresses 
to 

EFFFFF 

FOOOOO 
to SYSTEM and USER EPROM Area 

F7FFFF 

F80000 
to LOCAL I/O Devices 

F8FFFF 

F90000 
to VMEbusAddresses 

FEFFFF 

FFOOOO 
to Short I/O VMEbus Addresses 

FFFFFF 

2. 68450 Direct Memory Access Controller 
A high-speed DMA Controller with 8 MHz clock 
frequency is used on the board to move data to and 
from the VMEbus. Its four channels can be used 
from the operating system and/or shared with user 
programs. 
The DMAC has a maximum data transfer speed of 
4 Mbyte per second. Time-critical programs can 
thus be loaded into the local RAM via the DMAC, 
giving number cruncher applications no time over­
head through the VMEbus. This also results in a 
10werVMEbus load. 

3. The Static RAM 
The SYS68K1CPU-4VC contains a static memory 
of 128 Kbyte with a maximum access time of 70ns. 
A separate power-down logic on every board is 
used to disable the SRAM chips when the main 
power is out of spec. The on-board battery is used 
for the standby power of the SRAM chips (approx. 
1 OOOh data retention). 
Each static RAM access (read and write) ofthe pro­
cessor runs without any wait states at 12.5MHz 
clock frequency. 



4. The SYSTEM and USER Area 
The SYSTEM area consists of two sockets for 
JEDEC-compatible EPROM devices. The VME­
PROM firmware resides with its boot-up and I/O 
control functions in two EPROM devices (included 
in the shipment). 
The USER area (6 sockets) is provided for the use of 
EPROMs or SRAMs (JEDEC compatible pin-out). 

Table 3 lists the usable device type for each area. 

Organi- System User Total 
Device Type zation Area Area 1-3 Capacity 

2764 EPROM 8Kx8 X X 64KBYTE 
27128 EPROM 16Kx8 X X 128KBYTE 
27256 EPROM 32Kx8 X X 256KBYTE 
27512 EPROM 64Kx8 X X 512KBYTE 

6264 SRAM 8Kx8 X 32KBYTE 

The access speeds for the SYSTEM and for the 
USER areas are jumper-selectable from 100ns to 
400ns. 

5. 68561 Multi-Protocol Communication 
Controller 

The MPCC contains different protocols to commu­
nicate via the RS232-compatible interface to a 
user-supplied serial communication device. 
Protocols: - IBM binary synchronous 

(ASCII or EBCDIC) 
- Character oriented protocols (BSC, 

DDCMP, X3.28, X.21 ,ECMA 16 etc.) 
- Synchronous Bit oriented protocols 

(SDLC, HDLC, ADCCP, X.25) 
A software-programmable baud rate from 110 to 
38400 baud and a local loop-back mode provide 
maximum flexibility. 
The I/O signal assignment of the 4 input and 4 out­
put signals to the 25 pin D-Sub connector on the 
front panel is jumper selectable. 
The MPCC is able to force an interrupt with 3 differ­
ent software programmable vectors to the CPU. 

6. The Local Control 
The Parallel Interface and Timer Module (PIfT) with 
its 8MHz clock frequency allows an optical status 
display through eight yellow status LED's on the 
front panel. 
Each interrupt request level (0-7) can be enabled or 
disabled independent from each other through the 
CPU. The exception signals ACFAIL and SYSFAIL 
are monitored through the 3rd PlfT port. 
The bus release functions are also software pro­
grammable through the 3rd port. 
The PlfT includes a 24-bit programmable timer with 
a 5 bit prescaler. This timer may be used for measu­
ring time delays or as a watchdog timer. 
The PlfT timer interrupt request signal is used to 
force an auto-vectored interrupt to the CPU. 
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7. The Parallel 110 Port 
A second PlfT is used on the board to provide pa­
rallel I/O via the P2 connector. Two 8 bit bidirect­
ional ports can be used for bit I/O or special control 
functions via 4 handshake interface signals. 
The port interrupt causes an interrupt request to 
the on-board CPU on level 4. The 4 different soft­
ware programmable IRQ vectors offer maximum 
flexibility for program handling. 

8.58167 Programmable Real Time Clock 
The on-board RTC with its RAM array allows various 
applications such as time scheduling, time measure­
ment and time-out counters. 
Additionally, the RTC may act as an actual time 
base independent from the main power, providing 
month, day of month, and day of week. An onboard 
battery ensures time base operation during power­
down. 

9. 1772 Floppy Disk Controller Option 
The optionally available Single Chip Floppy Disk 
Controller (FDC) offers the capability of using the 
SYS68K1CPU-4VC board versions in process con­
trol applications without any other mass memory 
controllers. 
The FDC controls up to 4 different drives (3", 31/2" 
or 5 1/4") either single or double sided with single or 
double density (software programmable). Additio­
nally, the step-rate is software programmable from 
1mst06ms. 
All drive select signals and status lines from the 
disk interface are controlled via the PlfT. Easy inter­
face is provided through the P2 I/O pins, which fit 
into a 1:1 connection via a flat cable to the floppy 
drive edge connector. 
An interrupt after operation completion can be ge­
nerated to the CPU via the PlfT. For high asynchro­
nous use of the floppy, the FDC is connected tothe 
DMAC via its data request signal. The DMA is provi­
ded on the board to use the FDC in critical real-time 
applications. The CPU and the DMAC/FDC work 
fully asynchronous. 
The FDC must be ordered separately for every 
CPU-4 board version. 

10. On-Board Exception Handling 
The board contains two switches, one for RESET 
and one for ABORT. During an activated RESET, all 
on-board devices along with the CPU are reset. 
Additionally, the reset (SYSRESET*) can be forced 
to the VMEbus if this card is used as the system 
controller (slot 1 functions). 
During a pushed ABORT switch, an interrupt (non­
maskable) is forced to the CPU. 
The 16MHz SYSCLK signal can be forced to the 
VMEbus if a jumper setting has been provided. 
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11. On-Board Interrupt Handling 
All on-board devices are able to force interrupts to 
the CPU on different levels. Table 4 shows the in­
terrupt structure of the SYS68K1CPU-4VC. 

Table 4 

IRQ Interrupt Software Prog. 
Device Name Level Auto Vector Interrupt Vector 

SWITCH ABORT 7 X 
58167A RTG 6 X 
68230 PlfT1 5 X 
68230 PlfT2 4 X 

(FOG) 
68561 MPCC 3 X 
68450 DMAC 2 X 

12. The VMEbus Interface 
The implemented VMEbus interface includes 23 
address, 16 data, 6 address modifier and different 
control signals. 
A 4 level Bus Arbiter with a prioritized scheme pro­
vides fast bus arbitration (if required). 
A separate bus arbitration on a jumper selectable 
level (0-3) provides the bus request/bus busy 
handshake to the used bus arbiter. Each VMEbus 
interrupt request level may be enabled or disabled 
via a jumper to provide multiprocessing capabilities. 
The board supports the Release When Done 
(RWD), Release on Bus Clear (ROBCLR) as well as 
the Release after Time-out (RAT) function (all soft­
ware programmable). 

13. Software Description 
VMEPROM is an EPROM based real-time monitor. 
The complete package resides in 128 Kbyte of 
EPROM and uses a minimum of 32 Kbyte of RAM. 
VMEPROM is composed of the powerful PDOS 
real-time kernel and the PDOS file manager. Thus 
the package provides support of a highly sophisti­
cated real-time kernel and an interface to floppy 
and hard disk drives. 
The user interface contains more than 50 com­
mands perfectly suited for prograrn debugging, 
host computer communications, as well as task­
and file management. In addition it includes a 
powerful line assembler and disassembler for the 
68000/68010. 

VMEPROM features: 
• Real-Time Multitasking Kernel supporting up to 

64 tasks. 
• File Management support for sequential, ran­

dom and shared files. Up to 64 files may be 
opened at the same time. 

• Line assembler/disassembler with full support 
of all 68000/68010 instructions. 
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• Over 20 commands for program debugging, in­
cluding breakpoints, tracing, processor register 
display and modify. 

• S-record up-/downloading from any port de­
fined in the system. 

• Disk support for RAM-disk, floppy arid winches­
ter disks. Either a SYS68K1WFC-1 or a SYS68K1 
ISCSI-1 mass memory controller may be used. 
VMEPROM also allows disk formatting and in­
itialisation. 

• Serial I/O support for up to two S10-2 or ISI0-1/2 
boards in the system. 

• EPROM programming utility using the SYS68K1 
RR-2/3 boards. 

• Full Screen Editor. 
• I/O redirection to files or ports from the com­

mand line. 
• Over 100 system calls to the kernel are sup­

ported. 

13.1 Description of the User Interface 
ofVMEPROM 
The user interface of VMEPROM allows I/O redirec­
tion to files or to any port defined within the system. 
Multiple command lines may be entered on a singl,e 
command line. The user console input Is interrupt 
driven and allows type-ahead. Over 60 commands 
are built into the VMEPROM user interface and are 
directly accessible without destroyihg memory. 
The Command set covers functions suct) as pro­
gram execution, breakpoints, tracing and a power­
ful line assembler/disassembler. Also resident are 
file system functions such as append, delete, copy, 
rename and show file. These are applicable for 
RAM disk, floppy or hard disk. The task manage­
ment functions cover create task, kill task, alter 
task priority and list tasks. 

13.2 Description of the Kernel Functions 
The kernel of VMEPROM is written in 680 x 0 as­
sembly language for fast and efficient execution. It 
provides multitasking, system clock, event pro­
cessing and memory management. Ready tasks are 
scheduled with a prioritized round-robin method; 
Up to 64 tasks may be defined simultaneously. 
Semaphores and events provide a low qlierhead 
facility for one task to signal another. Messages 
and mailboxes are used in conjunction with task 
lock, unlock, suspend and event primitives. 

13.3 Description of the File Manager Functions 
The file manager module provides sequential, 
random, read only and shared access to named 
files on RAM disk, floppy or hard disk. New files are 
automatically defined contiguously to improve 
access speed. 



13.4 Supported VMEbus Hardware 
Upon power up, VMEPROM checks the VMEbus 
for the availability of several controller boards. 
Supported are up to two serial 1/0 boards and one 
disk controller. 
In addition, EPROM programming is supported by 
VMEPROM utilising the SYS68K1RR-2/3 board 
family. 

13.5 Target System Support 
VMEPROM can easily be used in target systems. 
For these systems, the application program can be 
put into EPROM with or without the user interface. 
The application programs can be started either by 
a command line or directly after reset without user 
input. 
The minimum EPROM space required by the VME­
PROM kernel and file manager is about 40 Kbytes. 
Small romable applications can be put in EPROMS 
easily without the overhead of the user interface. 

13.6 Development Systems 
Currently either one of the FORCE POOS' or UNIX 
System V' development stations may be used for 
software development for VMEPROM. 
Compilers, Assemblers, and Libraries are available 
together with utilities for program downloading. 
These tools are well suited to help in program de­
velopment and debugging. 

13.7 Licensing 
No license is required for VMEPROM. VMEPROM 
is delivered free of charge and is already installed 
on every CPU-4 board. 
VMEPROM will be available on the CPU-4VC in 
Q4/87. 

14. Available Software 
The multiuser multitasking disk operating system 
POOS is available for each of the SYS68K/CPU-4 V 
products. PASCAL,C,FORTRAN 77 and a powerful 
macro assembler supports the various applica­
tions. Please refer to the SYS68K/POOS data 
sheet for further information. 
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Specification of the SYS68K/CPU-4VC Boards 

Microprocessor 
DMA Controller 
Serial 110 

Parallel 1/0 

Control 
Real Time Clock 
SRAM 
EPROM 

VMEbus 

Arbiter 
Firmware 
Power Requirements 

Operating Temperature 
Storage Temperature 
Relative Humidity 
Board Dimensions 

Optionally Available: 
Floppy Controller 

Ordering Information 

SYS68K1CPU-4VC 
Part No. 100413 

SYS68K1CPU-4FDC 
Part No. 110040 

SYS68K1CPU-4VC/UM 
Part No. 8001 02 

SYS68K1VMEPROM/UM 
Part No. 800140 

68010CPU 12.5 MHz 
68450 DMAC 8 MHz 
68561 Multi-Protocol Communication Controller with a software­
selectable baud rate from 110 to 38400 baud and variable 
I/O signal assignment 
Two 8 bit ports and 4 handshake signals are available on the 
P2 connector through a PI/T device 
68230 PI/T for local control and timer function 
58167 RTC with Calendar and on-board'battery backup 
128 Kbyte (with battery backup) 
512 Kbyte of EPROM (max) 
(JEDEC compatible devices) 
Full VMEbus compatible interface with bus arbitration. 
Slot 1 Control functions. 
4-level prioritized bus arbiter with bus clear generation. 
128 Kbyte of firmware (VMEPROM) 
+5V/3.9A (max) 
+ 12V /200mA (max) 
-12V /200mA (max) 
o to +50 degrees C 
-50 to +85 degrees C 
0-95% (non-condensing) 
Double Eurocard 234x 160 mm (9.2 x 6.3") 

WD1772 Single Chip Floppy Controller for up to four 51/4" drives 

68010 CPU Board with 12,5MHz CPU and 128 Kbyte SRAM. 
(with battery backup) 
Debugger software and User's Manual included. 

Floppv Disk Controller option (1772) supporting up to four drives 
(3",3 f/2", or5'//) 

User's Manual for CPU-4VC 

VMEPROM User's Manual 
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System 68000 VME 
SYS68K/CPU-5A 
16MHz CPU Board with 
Floating Point Co-Processor 

• 118 Kbyte No Wait State SRAM 
• 68881 FPCP 
• 68450 DMA Controller 
• 1 RSI31 Interfaces 
• VMXbus Interface 
• Installed Real Time Kernel 
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General Description 
The SYS68K/CPU-5A boards are high speed com­
puter boards built around the 68000/68010 CPU 
and the ultra fast Floating Point Co-Processor 
68881. 
Zero wait state operation is performed at 16,7 MHz 
CPU clock frequency by accessing the 128 Kbyte 
high speed static RAM. 
The installed four channel DMA Controller is cap­
able of transferring data from memory to memory 
or from the two serial interfaces to memory. 

BLOCK DIAGRAM OF THE SYS68K/CPU-5A 

VMEbus Interface 
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One Parallel Interface and Timer Module offers a 
software programmable timer as well as VMEbus 
exception signal handling. 
The implemented VMEbus interface is fully VME­
bus and IEEE 1014 standard compatible and inclu­
des a one level arbiter. 
The primary VMXbus interface completes the board 
and offers optimized multiprocessing support. 
The block diagram shows the board structure of 
the CPU-5 in detail. 

VMXbus Interface 
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SYS68K/CPU-5A Features The following table shows the global memory lay-
• 68000 CPU with 16.7 MHz clock frequency. out of the CPU-5A board: 
• 68881 Floating Point Co-Processor with 16.7 

MHz clock frequency. 
• 68450 DMA Controller with 8M Hz clock fre­

quency. 
• 68561 Multi Protocol Communications Control­

lers with two RS232 compatible interfaces. 
• 68230 Parallel Interface and Timer Module with 

8 MHz clock frequency. 
• 128 Kbyte of zero wait state static RAM. 
• 4 EPROM sockets for system and/or user pro­

grams. 
• All on-board interrupt requests are software 

programmable (level and vector). 
• Each VMEbus IRQ (1-7) can be enabled or dis-

abled via software through the PIIT. 
• Single level arbiter. 
• VMEbus interface (A24:D8,D16;A16:D8,D16). 
• VMXbus primary master interface (A24:D16). 
• Powerful real time Monitor/Debugger VME­

PROM on board. 
• 9 Status LED's, RESET and ABORT function 

switch. 

1.68000/68010 Central Processing Unit 
The high performance 6801 0 CPU with its upgraded 
68000 instruction set and virtual memory support 
offers a total of 16 Mbyte of addressable memory 
through its 24 address signals. The fully asynchro­
nous 16 bit data bus allows high speed data trans­
fer to/from the on-board, VME- or VMXbus memory 
and I/O areas. 
The SYS68K1CPU-5A uses a 16.7 MHz 68000 pro­
cessor and runs constantly without wait states 
from the 128 Kbyte of static RAM. 
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Address Description 

000000 
to Start Vectors from System EPROM 

000007 

000008 
to Static RAM on CPU-5A (128 Kbyte) 

01FFFF 

020000 
to VME or VMXbus Addresses 

xxxxxx 

xxxxxx 
to VMX or VM Ebus Addresses 

EFFFFF 

FOOOOO 
to SYSTEM and USER EPROM Area 

F3FFFF 

F80000 
to LOCAL I/O Devices 

F8FFFF 

F90000 
to VMEbusAddresses 

FEFFFF 

FFOOOO 
to Short I/O VMEbus Addresses 

FFFFFF 

2. The Floating Point Co-Processor: 
The 68881 Floating Point Co-Processor is a full 
implementation of the IEEE Standard P754 for 
Floating Point Arithmetic (Draft 10.0). 
A set of 8 general Floating Point Data Registers, 
supporting full 80 bit extended precision are avail­
able for arithmetic operations such as: 

Add 

Subtract 
Multiply 
Divide 
Compare 
Scale Exponent 
Modulo 
Conditional 
branches 
Absolute value 

Sine, cosine, hyperbolic sine 
and cosine 
Tangent, cotangent, hyper­
bolic tangent and cotangent 
eEXP(x) 
e EXP(x-1) 
E EXP(xtract (4)) 
In (x), In (x+ 1) 
log 10 (x), log 2 (x) 

2 EXP(x), 10 EXP (x) 
Square root 
Conditional Trap (32) 



The FPCP supports the following data types: 
Byte, Word and Long Integers 
Single, Double and Extended Precision 
Real Numbers 
Packed BCD String Real Numbers 

The SYS68K1CPU-5A is fitted with a 16,7MHz 
FPCP. 

3. The Static RAM 
Zero wait state operation for the CPU and the 
DMAC at 12,5 or 16,7MHz clock frequency is pro­
vided by using the 16 static RAM's. 
128 Kbyte of SRAM with a maximum access time of 
55ns is provided on each CPU-5A board for pro­
gram and/or data storage. 

4. The SYSTEM and the USER Area 
The CPU-5A contains four sockets for JEDEC 
compatible EPROM devices. Two 27128 devices 
are used forVMEPROM (included in the shipment). 
The following table lists the usable EPROM types 
for each area: 

Device Organization TOTAL Capacity 

2764 8Kx8 32 Kbyte 
27128 16Kx8 64 Kbyte 
27256 32Kx8 128 Kbyte 
27512 64Kx8 256 Kbyte 

The access time for both areas is jumper selectable 
in the range of 100-400ns to adapt different 
EPROM access times. 

5. 68450 Direct Memory Access Controller 
A high-speed DMA Controller with 8MHz clock 
frequency is used on the board to move data on the 
local, VMX- and the VMEbus. Its four channels can 
be used from the operating system and/or shared 
with user programs. 
The DMAC has a maximum data transfer speed of 
4 MBytes per second. Time critical programs can 
thus be loaded into the local RAM via the OMAC, 
which allows number cruncher applications to run 
without the time overhead through the VME/ 
VMXbus. This also results in a lower bus load. 
The 68450 is connected to the two serial interface 
channels to optimise serial communication (if re­
quired). 
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6.68561 Multi-Protocol Communication 
Controllers 
The CPU-5A board contains two serial interfaces 
for communication to a terminal and/or printer/host 
computer. 
The MPCC offers different protocols to communi­
cate via the RS232-compatible interface to a user­
supplied serial communication device. 
Protocols: 
• IBM binary synchronous (ASCII or EBCDIC). 
• Character oriented protocols (BSe, DDCMP, 

X3.28, X.21, ECMA 16 etc.) 
• Synchronous Bit oriented protocols (SDLC, 

HDLC, ADCCP, X.25). 
A software-programmable baud rate from 110 to 
38400 baud and a local loop-back mode provide 
maximum flexibility. 
The I/O signal assignment of the 4 input and 4 out­
put signals per channel to the 25 pin O-Sub-con­
nectors on the front panel is jumper selectable. 
The MPCC is able to force an interrupt with 3 differ­
ent software programmable vectors to the CPU. 

7. The Local Control 
The Parallel Interface and Timer Module (PIfT) with 
its 8MHz clock frequency allows an optical status 
display through six yellow status LEDs mounted on 
the front panel. 
Each interrupt request level from the VMEbus can 
be enabled or disabled independent from each 
other through the CPU (dynamically). The VMEbus 
signals ACFAIL and SYSFAIL are monitored 
through the 3rd PI/T port. 
The bus release functions described in the VMEbus 
section are also software programmable. 
The PI/T includes a 24-bit programmable timer with 
a 5 bit prescaler. This timer may be used for measur­
ing time delays or as a watchdog timer. 

8. The Interrupt Structure 
The CPU-5A contains two Bus Interrupter Modules 
to provide a flexible interrupt structure for multi­
processor applications. 
Each on-board interrupt request is software pro­
grammable to one of the IRQ levels of the CPU. The 
vector is also free software programmable. 
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The following table lists all the on-board interrupt 
sources: 

Interrupt Device 

ABORT SWITCH 
TIMER PlfT 
Serial 110 1 MPCC1 
Serial 1/02 MPCC2 
DMAC DMAC 
ACFAIL VMEbus 
SYSFAIL VMEbus 
IRQVMX VMXbus 

The VMXbus interrupt request is routed into the on­
board IRQ structure to offer maximum flexibility 
(software programmable level and vector). 
The VMEbus interrupt requests can be dynamically 
enabled or disabled to the CPU through the PlfT 
device. This allows dynamic adaption for high end 
multi-processor environments because each of the 
IRQ's (1-7) can be selected separately under run 
time of the CPU (no jumper settings are required). 

9. The VMXbus Interface 
The CPU-5A board contains a primary VMXbus in­
terface with a jumper selectable access address 
range in the whole address space of 16 Mbyte. 
24 address lines and 16 data lines are supported 
from the VMXbus interface. The early DTACK option 
can be used to speed up the access cycles. 

10. The VMEbus Interface 
The implemented interface supports 24 address, 
16 data, 6 address modifiers and all the control 
signals. 
The transfer of 8 and 16 bit (A24: 08, 016) is sup­
ported. 
Software programmable bus release functions 
allow flexible adjustment to the various application 
dependent requirements. 

ROR Release on Request 
RBCLR Release on Bus Clear 
RAT Release after Time-Out 
RWD Release when Done 

The single level arbiter included on the board sim­
plifies installation of the CPU-5A into a VMEbus 
environment. 
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11. Software Description 
VMEPROM is an EPROM based real-time monitor. 
The complete package resides in 128 Kbyte of 
EPROM and uses a minimum of 32 Kbyte of RAM. 
VMEPROM is composed of the powerful PDOS 
real-time kernel and the PDOS file manager. Thus 
the package provides support of a highly sophisti­
cated real-time kernel and an interface to floppy 
and hard disk drives. 
The user interface contains more than 50 com­
mands perfectly suited for program debugging, 
host computer communications, as well as task­
and file management. In addition it includes a 
powerful line as~hmbler and disassembler for the 
68000/68010. 

VMEPROM features: 
• Real-Time Multitasking Kernel supporting up to 

64 tasks. 
• File Management support for sequential, ran­

dom and shared files. Up to 64 files may be 
opened at the same time. 

• Line assembler/disassembler with full support 
of all 68000/68010 instructions. 

• Over 20 commands for program debugging, in­
cluding breakpoints, tracing, processor register 
display and modify. 

• S-record up-/downloading from any port de­
fined in the system. 

• Disk support for RAM-diSk, floppy and winches­
ter disks. Either a SYS68K/WFC-1 or a SYS68K1 
ISCSI-1 mass memory controller may be used. 
VMEPROM also allows disk formatting and in­
itialisation. 

• Serial I/O support for up to two S10-2 or IS10-1 /2 
boards in the system. 

• EPROM programming utility using the SYS68K1 
RR-2/3 boards. 

• Full Screen Editor. 
• I/O redirection to files or ports from the com­

mand line. 
• Over 100 system calls to the kernel are sup­

ported. 



11.1 Description of the User Interface 
ofVMEPROM 
The user interface ofVMEPROM allows I/O redirec­
tion to files or to any port defined within the system. 
Multiple command lines may be entered on a single 
command line. The user console input is interrupt 
driven and allows type-ahead. Over 60 commands 
are built into the VMEPROM user interface and are 
directly accessible without destroying memory. 
The Command set covers functions such as pro­
gram execution, breakpoints, tracing and a power­
ful line assembler/disassembler. Also resident are 
file system functions such as append, delete, copy, 
rename and show file. These are applicable for 
RAM disk, floppy or hard disk. The task manage­
ment functions cover create task, kill task, alter 
task priority and list tasks. 

11.2 Description of the Kernel Functions 
The kernel of VMEPROM is written in 680 x 0 as­
sembly language for fast and efficient execution. It 
provides multitasking, system clock, event pro­
cessing and memory management. Ready tasks are 
scheduled with a prioritized round-robin method. 
Up to 64 tasks may be defined simultaneously. 
Semaphores and events provide a low overhead 
facility for one task to signal another. Messages 
and mailboxes are used in conjunction with task 
lock, unlock, suspend and event primitives. 

11.3 Description of the File Manager Functions 
The file manager module provides sequential, 
random, read only and shared access to named 
files on RAM disk, floppy or hard disk. New files are 
automatically defined contiguously to improve 
access speed. 

11.4 Supported VMEbus Hardware 
Upon power up, VMEPROM checks the VMEbus 
for the availability of several controller boards. 
Supported are up to two serial 110 boards and one 
disk controller. 
In addition, EPROM programming is supported by 
VMEPROM utilising the SYS68K1RR-2/3 board 
family. 

11.5 Target System Support 
VMEPROM can easily be used in target systems. 
For these systems, the application program can be 
put into EPROM with or without the user interface. 
The application programs can be started either by 
a command line or directly after reset without user 
input. 
The minimum EPROM space required by the VME­
PROM kernel and file manager is about 40 Kbytes. 
Small romable applications can be put in EPROMS 
easily without the overhead of the user interface. 

67 

SYS68K/CPU-5A 

11.6 Development Systems 
Currently either one of the FORCE PDOS' or UNIX 
System V' development stations may be used for 
software development for VMEPROM. 
Compilers, Assemblers, and Libraries are available 
together with utilities for program downloading. 
These tools are well suited to help in program de­
velopment and debugging. 

11.7 Licensing 
No license is required for VMEPROM. VMEPROM 
is delivered free of charge and is already installed 
on every CPU-SA board. 
VMEPROM will be available on the CPU-SA in 04/87. 
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Specifications of the SYS68K/CPU-5A Boards 

Microprocessors 
Floating Point, Co-Processor 
SRAM 
EPROM 
CONTROL 
OMA Controller 
Serial I/O 

Interrupts 

VMXbus 
VMEbus 

Firmware 
Power Requirements 

Operating Temperature 
Storage Temperature 
Relative Humidity 
Board Dimensions 

Ordering Information 

SYS68K/CPU-SA 
Part No.1 00S01 

SYS68K/CPU-S UM 
Part No. 800078 

SYS68K1VMEPROM/UM 
Part No. 800140 

68000 CPU 16. 7MHz on CPU-SA 
68881 FPCP 16,7MHzon CPU-SA 
128 Kbyte of zero wait state static RAM (16, 7MHz operation) 
4 Sockets for JEOEC compatible EPROM's (2S6 Kbyte max) 
68230 PIIT for interrupt control and timer function 
684S0 OMAC (8M Hz) 
68S61 MPCC with software programmable protocolls and baud rate 
2 serial interfaces RS232 compatible 
All on-board interrupts are software programmable on level 
and vector. Off-board interrupts can be enabled/disabled via 
software (dynamically) 
Primary VMXbus interface: A24: 08, 016, early OTACK option 
VMEbus interface A24: 08, 016 

A16: 08, 016 
IRQ handler (1-7 dynamically) 
Single level arbiter 
Requester (0-3 static) 
128 Kbyte of firmware (VMEPROM) 
+ SV/S.OA(max) 
+ 12V1200mA(max) 
-12V/200mA(max) 
o to +SO degrees C 
-SO to +8S degrees C 
0-9S% (non-condensing) 
Double Eurocard 234x160mm (9.2x6.3") 

16, 7M Hz 68000 CPU board with Floating Point Co-Processor 
(16. 7MHz) and VMEPROM, UM included. 

User's Manual for CPU-SA 

VMEPROM User's Manual 
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System 68000 VME 
SYS68K/CPU·6 
Flexible CPU with Floating Point 
Support 

• 68000168010 CPU board 
• 512 Kbyte dynamic RAM 
• Full VMEbus IEEE 1014 standard compatible 
• Flexible 1/0 structure 
• Optional Floating Point Coprocessor 
• Installed Real Time Kernel 
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General Description 

The general purpose SYS68K1CPU-6 board is a 
high speed VMEbus board based on a 680001 
68010 processor. It contains 512 Kbyte of dynamic 
RAM, 3 serial 1/0 interfaces, up to 256 Kbyte of 
EPROM and a parallel 1/0 interface as well as a Real 
Time Clock. 

BLOCK DIAGRAM OF THE SYS68K1CPU-6 

VMEbus Interface 

DRAM 
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The implemented VMEbus interface is IEEE 1014 
standard compatible, and features a single level 
arbiter, a SYSCLK-driver and a power monitorl 
RESET generator. 
Details of the structure of CPU-6 are shown in the 
block diagram. 

P2 Connector 

AREA AREA 

REMOTE 
RS232 

TERMINAL 
RS232 

HOST 
RS232 
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SYS68K/CPU-6 Features 
• 68000 CPU ( 8,OMHz) on CPU-6 

68000 CPU (12,5MHz) on CPU-6A 
68010 CPU (12,5MHz) on CPU-6VN6VB 

• 512 Kbyte of dynamic RAM 
o Wait States at 8MHz 
1 Wait State at 12,5MHz 
Distributed hardware refresh every 15us 

• 4 EPROM sockets provide 256 Kbyte space 
• 3 serial communication ports 

(RS232 compatible) 
• Parallel I/O interface to P2 connector 
• Real Time Clock with on-board battery back-up 
• 24-bit timer with 5-bit prescaler 
• Local interrupt service via auto-vectoring 
• Fully VMEbus IEEE 1014 standard compatible 
• RESET and ABORT function switches 
• Double Eurocard from factor 
• Powerful real time Monitor/Debugger VME­

PROM on board 
• PDOS' Real Time Operating System optionally 

available 
• Fully software and I/O signal compatible to the 

SYS68K1CPU-1 B series 

Additional Features of CPU-6VB 
• 68881 Floating Point Co-Processor with 12,5 

MHz clock frequency 

Functional Description 
Memory, Real Time Clock, serial and parallel I/O 
communicate to the CPU via their internal system 
bus. 
The global memory layout and the I/O address 
assignment are outlined below: 

START END 
Address Address 

000000 000007 Initialisation vectors from 
system EPROM 

000008 07FFFF Dynamic RAM 
080008 09FFFF SYSTEM EPROM 
OAOOOO OBFFFF USER EPROM 
OEOOOO OFFFFF I/O interfaces 
100000 FEFFFF VMEbus standard 

addressing (A24:) 
FFOOOO FFFFFF VMEbus short I/O 

addressing (A 16:) 

1.68000/68010 Central Processing Unit 
The high performance 68010 CPU with its upgra­
ded 68000 instruction set and virtual memory 
support offers a total of 16 Mbyte of addressable 
memory through its 23 address signals. The fully 
asynchronous 16-bit data bus allows high speed 
data transfer to/from the on-board and VMEbus 
memory. 
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2. The Dynamic RAM 
512 Kbyte DRAM is provided on all CPU-6 ver­
sions. Zero Wait State operation at 8MHZ CPU 
clock frequency is provided to optimize data 
throughput on CPU-6. 
CPU-6A, 6VA and 6VB are equipped with a 12.5 
MHz processor and need only 1 wait state to read 
data from the local DRAM. 
For critical real time applications the distributed 
"RAS only" refresh can delay every 15 microse­
conds a pending access for a maximum of 290ns. 
The refresh works asynchronous to the CPU and 
guarantees refreshing of the DRAMs independent 
of the processor state. 

3. The EPROM Memory 
The SYS68K1CPU-6 consists of two different mem­
ory banks, both 16 bits wide and 128 Kbyte deep. 
The SYSTEM Area and the USER Area can be con­
figured for the following devices: 

Device Type Organisation System User 
Area Area 

2764 EPROM 8Kx8 x x 
27128 EPROM 16Kx8 x x 
27256 EPROM 32Kx 8 x x 
27512 EPROM 64Kx8 x x 

6264 SRAM 8Kx8 x 
62256 SRAM 32Kx 8 x 

The total capacity of both areas is 256 Kbyte using 
four 27512 devices. Access time selection between 
150 and 350ns for both areas allows the use of a 
wide variety of chips. 

4. Serial Communication Ports 
Three asynchronous serial communication ports 
(using a 68B50 ACIA chip) designated for the termi­
nal, for the host, and for user applications are pro­
vided on the board. All of these ports are RS232-
compatible. The terminal acts as a user interface 
and works in conjunction with FORCEbug. An 
operational transparent mode condition is callable 
via the system monitor. This transparent mode ef­
fectively bypasses the board and allows the termi­
nal to communicate directly with the host. The third 
serial communication port interfaces either to a 
printer, or acts as a remote link to another compu­
ter. Each serial port has a jumper selectable data 
transmission rate (110-9600 or 600-19200 baud). 
For each serial port, each of the I/O signals can be 
assigned to one of the 25 pin D-sub female connec­
tors on the front panel. 



5. Parallel I/O 
The board contains a Parallel Interface and Timer 
chip (PlfT 68230) with a clock frequency of 8MHz. 
The PlfT operates in uni- or bi-directional mode 
either 8 or 16 bits wide. 
Each of the I/O lines can be configured as an input 
or as an output by programming the PlfT. 
For asynchronous software control, the third 8-bit 
port can be configured to drive an interrupt on level 
5tothe CPU. 

6. Programmable Timer 
The PlfT includes a 24-bit programmable timer. 
The timer is a synchronous counter to be used for 
generating or measuring time delays and various 
frequencies. The timer is either clocked by a 5-bit 
prescaler or directly, and the clock source can 
either be the 8MHz system clock or an external 
clock. 

7. Programmable Real Time Clock 
The on-board Real Time Clock (58167 A RTC) allows 
various applications, such as time scheduling, time 
comparsion, time-out counter, etc. Additionally, 
the RTC may act as an actual time base providing 
month, day of month and day of week. An on-board 
battery back-up ensures time base operation during 
power down times. 

8. On-Board Interrupt Handling 
All on-board devices are able force interrupts on 
different levels to the CPU. In this case the auto-in­
terrupt vector of the 68000 will be forced and each 
device has its own interrupt vector. Each service of 
a local interrupt does not cause a VMEbus request. 
The following table shows the interrupt structure of 
CPU-6. 

Description Device Level Vector No. 

ABORT Switch 7 31 
Real Time Clock 58167A 6 30 
Parallel I nterface 68230 5 29 
and Timer 
Terminal ACIA 6850 4 28 
Remote ACIA 6850 3 27 
Host ACIA 6850 2 26 

9. The VMEbus Interrupts 
Each of the 7 defined VMEbus IRQs can be sepa­
rately enabled or disabled for servicing through the 
local CPU. Only a jumper setting is required to 
enable the corresponding VMEbus IRQ. 
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10. The VMEbus Interface 
The implemented VMEbus interface supports 23 
address, 16 data, 6 address modifier and all the 
control signals defined in the IEEE 1014 standard. 
All the electrical, mechanical and timing specifica­
tions are realized on the CPU-6 series of boards. 
The following address and data transfer types are 
supported: 

A16:D8,D16 
A24: D8, D16 

To support single processor and multi-master 
applications, CPU-6 includes a Single Level Arbiter 
and a SYSCLK driver. Both functions can be dis­
abled for multi-processor applications. 
Bus mastership is only requested if the VMEbus is 
addressed. The level is jumper selectable (0, 1, 2 
or 3). A time-out counter for bus mastership (RAn 
and the Release on Bus Clear (RBCLR) options are 
installed on the board to allow the use of CPU-6 in 
high end multi-processor environments. 
A RESET generator, a power monitor and a time out 
counter for local and VMEbus accesses completes 
the board. 

11. The Floating Point Co-Processor 
The 68881 Floating Point Co-Processor (installed 
only on CPU-6VB) is a full implementation of the 
IEEE Standard 754 for Floating Point Arithmetic 
(Draft 10.0). 
A set of 8 general Floating Point Data Registers, 
supporting full 80-bit extended precision are avail­
able for arithmetic operations such as: 

• Add 
• Subtract 
• Multiply 
• Divide 
• Compare 
• Scale Exponent 
• Modulo 
• Conditional branches 
• Absolute value 
• Sine, cosine, hyperbolic sine and cosine 
• Tangent, cotangent, hyperbolic tangent and 

contangent 
• eEXP(x) 
• eEXP(x-1) 
• eEXP (xtract (4)) 
• 1n (x), 1n (x+1) 
• log 10 (x), log 2 (x) 
• 2 EXP (x), 10 EXP (x) 
• Square root 
• Conditional Trap (32) 
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The FPCP supports the following data types: 
• Byte, Word and Long Integers 
• Single, Double and Extended Precision Real 

Numbers 
• Packed BCD String Real Numbers 

12. Software Description 
VMEPROM is an EPROM based real-time monitor. 
The complete package resides in 128 Kbyte of 
EPROM and uses a minimum of 32 Kbyte of RAM. 
VMEPROM IS composed of the powerful PDOS 
real-time kernel and the PDOS file manager. Thus 
the package provides support of a highly sophisti­
cated real-time kernel and an interface to floppy 
and hard disk drives. 
The user interface contains more than 50 com­
mands perfectly suited for program debugging, 
host computer communications, as well as task­
and file management. In addition it includes a 
powerful line assembler and disassembler for the 
68000/68010. 

VMEPROM features: 
• Real-Time Multitasking Kernel supporting up to 

64 tasks. 
• File Management support for sequential, ran­

dom and shared files. Up to 64 files may be 
opened at the same time. 

• Line assembler/disassembler with full support 
of all 68000/68010 instructions. 

• Over 20 commands for program debugging, in­
cluding breakpoints, tracing, processor register 
display and modify. 

• S-record up-/downioading from any port de­
fined in the system. 

• Disk support for RAM-disk, floppy and winches­
ter disks. Either a SYS68K1WFC-1 or a SYS68K1 
ISCSI-1 mass memory controller may be used. 
VMEPROM also allows disk formatting and in­
itialisation. 

• Serial I/O supportfor up to two S10-2 or ISI0-1/2 
boards in the system. 

• EPROM programming utility using the SYS68K1 
RR-2/3 boards. 

• Full Screen Editor. 
• I/O redirection to files or ports from the com­

mand line. 
• Over 100 system calls to the kernel are sup-

ported. 

12.1 Description of the User Interface 
ofVMEPROM 
The user interface ofVMEPROM allows I/O redirec­
tion to files orto any port defined within the system. 
Multiple command lines may be entered on a single 
command line. The user console input is interrupt 
driven and allows type-ahead. Over 60 commands 
are built into the VMEPROM user interface and are 
directly accessible without destroying memory. 
The Command set covers functions such as pro-
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gram execution, breakpoints, tracing and a power­
ful line assembler/disassembler. Also resident are 
file system functions such as append, delete, copy, 
rename and show file. These are applicable for 
RAM disk, floppy or hard disk. The task manage­
ment functions cover create task, kill task, alter 
task priority and list tasks. 

12.2 Description of the Kernel Functions 
The kernel of VMEPROM is written in 680 x 0 as­
sembly language for fast and efficient execution. It 
provides multitasking, system clock, event pro­
cessing and memory management. Ready tasks are 
scheduled with a prioritized round-robin method. 
Up to 64 tasks may be defined simultaneously. 
Semaphores and !3vents provide a low overhead 
facility for one task to signal another. Messages 
and mailboxes are used in conjunction with task 
lock, unlock, suspend and event primitives. 

12.3 Description of the File Manager Functions 
The file manager module provides sequential, 
random, read only and shared access to named 
files on RAM disk, floppy or hard disk. New files are 
automatically defined contiguously to improve 
access speed. 

12.4 Supported VMEbus Hardware 
Upon power up, VMEPROM checks the VMEbus 
for the availability of several controller boards. 
Supported are up to two serial I/O boards and one 
disk controller. 
In addition, EPROM programming is supported by 
VMEPROM utilising the SYS68K1RR-2/3 board 
family. 

12.5 Target System Support 
VMEPROM can easily be used in target systems. 
For these systems, the application program can be 
put into EPROM with or without the user interface. 
The application programs can be started either by 
a command line or directly after reset without user 
input. 
The minimum EPROM space required by the VME­
PROM kernel and file manager is about 40 Kbytes. 
Small romable applications can be put in EPROMS 
easily without the overhead of the user interface. 

12.6 Development $ystems 
Currently either one of the FORCE PDOS· or UNIX 
System V· development stations may be used for 
software development for VMEPROM. 
Compilers, As~emblers, and Libraries are available 
together with utilities for program downloading. 
These tools are well suited to help in program de­
velopment and debugging. 

12.7 Licensing 
No license is required for VMEPROM. VMEPROM 
is delivered free of charge and is already installed 
on every CPU-6 board. 
VMEPROM will be available on the CPU-6 family 
in 04/87. 
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Specification of the SYS68K/CPU-6 Products 

Microprocessor: 68000, 8,OMHz CPU-6 
68000, 12,5MHz CPU-6A 
68010, 12,5MHz CPU-6VA 
68010, 12,5MHz CPU-6VB 

Floating Point Support: 68881 FPCP (12,5MHz) installed only on CPU-6VB 

DRAM: 512 Kbyte dynamic RAM 
o Wait State at 8MHz 
1 Wait State at 12,5MHz 
Distributed Hardware Refresh 

EPROM: 256 Kbyte for the SYSTEM Area 
32 - 512 Kbyte for the USER Area 

Serial I/O: 3 RS232 interfaces built with 6850 devices (ACIA) 
Strap selectable baud rate from 110-19200 baud 
Strap selectable I/O signal assignment to the 3 
25-pin D-Sub Connectors. 

Parallel 110: 68230 PIIT with 24 I/O signals connected to P2 connector 

Timer: 24-bit timer included in the PIIT 

Real Time Clock: 58167 RTC with on-board battery back-up 

Interrupts: All on-board devices are capable of generating interrupts to 
the CPU on a fixed IRQ level. Local interrupts do not cause 
a VMEbus request. 

VMEbus Interface: Jumper selectable VMEbus request level (0-3) 
Transfer Modes A 16: 08, 016 

A24:D8,D16 
Interrupt Handler (1-7 stat.) 
Single Level Arbiter 
SYSCLK Driver 
Power Monitor 
RESET Generator 
Bus Release Options: ROBCLR, RAT 

Firmware: 128 Kbyte offirmware (VMEPROM) 

Power Requirements: + 5V/2.9A 
+12V/0.2A 
-12V10.2A 

Operating Temp. o to 60 Degrees C 
Storage Temp. -50 to +85 Degrees C 
Relative Humidity 0-95 % (non-condensing) 
Board Dimensions Double Eurocard 234 x 160mm (9.2 x 6.3',) 
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Ordering Information 

SYS 68K1CPU-6 
Part No.1 00601 

SYS68/CPU-6A 
Part No.1 00602 

SYS68K1CPU-6VA 
Part No.1 0061 0 

SYS68K1CPU-6VB 
Part No.1 00611 

SYS68K1CPU-6UM 
Part No. 800094 

SYS68K1VMEPROM/UM 
Part No. 800140 

68000 CPU Board (8M Hz), 512 Kbyte DRAM 
including User's Manual 

68000 CPU Board (12,5MHz), 512 Kbyte DRAM 
including User's Manual 

68010CPU Board (12,5MHz), 512 Kbyte DRAM 
including User's Manual 

68010 CPU Board (12,5MHz), 512 Kbyte DRAM 
including 68881 FPCP and User's Manual 

User's Manual for all CPU-6 products 

VMEPROM User's Manual 
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FORCE Computers 32 bit CPU Board 
Introduction 

The range of FORCE Computers 32 bit CPU boards 
is one of the most comprehensive and complete 
available today. Products for all your top end per­
formance and versatile functionality needs are of­
fered. State of the art technology enabling multi­
processing features. True continuous 68020 zero 
wait state performance at all commercially avail­
able frequencies. The cross pollination of the Intel 
World to the to the VMEbus with the CPU-386. Plus 
the ability to deliver as promissed with a relentless 
eye for quality. All these are features that have 
made FORCE Computers the market leaders in 
high performance CPU boards. 

General Feature Overview 

If you are considering a 32 bit CPU board, then it is 
clear that performance is of importance. When 
FORCE designed their family of 32 bit CPU boards 
then maximum performance was crucial in the spe­
cification of the product. No tradeoffs were made 
at the expense of performance. 
The SYS68K1CPU-21 board is the first example 
of this design philosophy. The product is available 
as a two board set, one board containing the VME­
bus interface, CPU and control logic and the se­
cond board containing the high speed static RAM. 
The two boards are connected via the FLME inter­
face. The board set is available with 12.5 MHz, 
16.67 MHz, 20 MHz and 25 MHz CPUs and with the 
68881 floating point co-processor up to 20 MHz. 
The board supports continuous no wait state oper­
ation at all frequencies up to 25 MHz from up to 
4 Mbyte of local static RAM. The board is also pro­
vided with a real time kernel installed as standard. 
Additionally, newly available is the SYS68K1CPU-
29 which is totally software and hardware compa­
tible with the CPU-21, with the exception that the 
maximum memory capacity is only 1 Mbyte. The 
CPU-29 is available on one board. For SIW compa­
tible upgrades to the memory managed 68030 en­
vironment , FORCE Computers has again shown 
its commitment to their customers by producing 
the SYS68K1CPU-32. The board is fully slw ompa­
tible to the CPU-21 and the CPU-29. The CPU-21, 
the CPU-29 and the CPU-32 are the 32 bit perform­
ance standard. 
The SYS68K1CPU-22 provides a complete multi­
processing package. The CPU-22 family has a VMX 
interface to provide the systems integrator with ac­
cess a subsystem bus for local memory and peri­
pheral extension. Features of the family include the 
68020 processor running continuously without the 
insertion of wait states from the on board dual por­
ted static RAM. Revolutionary inter processor 
communication facilities such as programmable 
single or group processor interrupts with automatic 
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programmable vector generation. Intelligent pro­
grammable interrupt prioritisation. 30 Mbyte/sec 
DMA controller. Two serial 110 channels. On board 
real time kernel in EPROM. All provided as standard. 
The CPU-22 is the 32 bit multiprocessor solution. 
SYS68K1CPU-25 offer a 32 bit memory managed 
environment that sets new standards in the micro­
computer world. Running with a single wait state 
from up to 4 Mbyte of local memory through the 
PMMU (68851), the board provides the perfect 
base for perform ace applications that need me­
mory protection. Application areas are multi user 
workstations and UNIX environments. The CPU-25 
are the performance memory management solu­
tion. 
If it's general purpose features that you want with 
your 32 bit processor board, then look no further 
than the SYS68K1CPU-26 family. The boards come 
with up to 4 Mbyte of dynamic RAM inducing only 
1 wait state on the 68020 at 20 MHz. The boards 
also come with 4 serial 1/0 channels and a SCSI bus 
interface and a floppy interface. In addition, all the 
comprehensive multprocessing and DMA features 
offered by the CPU-22 are also offered by the CPU-
26 family. The CPU-26 is the versatile solution. 
For those systems integrators who have invest­
ments in Intel SIW and experience in Intel environ­
ments, FORCE Computers has the answer. The 
SYS80KlCPU-386 is the first implementation of the 
80386 processor on the VMEbus. The board pro­
vides as standard 2 Mbyte of DRAM, 3 serial 1/0 
channels, a full VMEbus interface with slot 1 func­
tions and the facility for the insertion of the 80387 
floating point co-processor. This board is the VME­
bus-Intel solution. 



FAMILY CPU-20 CPU-21 CPU-22 CPU-24 

Processor Type 68020 68020 
Frequency min. 12.5MHz 16.7MHz 

max. 25.0 MHz 20.0 MHz 

FPCPType 68881 68882 
Frequency min. 12.5MHz 16.7MHz 

max. 20.0MHz 20.0 MHz 

DMAC Frequency min. - 16.7MHz 
max. Not - 20.0 MHz Not 

MMUType recom- - - recom-
mended 

SRAM SRAM 
mended 

RAM Type for new for new 
RAM Capacity min. 

designs. 
512 Kbyte 256 Kbyte 

designs. max. 2 Mbyte 1 Mbyte 
No. of Wait States 0 0 
RAM Function local DPR 

No. of EPROM Sockets 8 4 
28 Pin Support X X 
32 Pin Support - X 
Max. Capacity 512 Kbyte 4 Mbyte 

VMEPROM X X 

CPU-25 CPU-26 

68020 68020 
16.7MHz 16.7MHz 
20.0 MHz 20.0 MHz 

68881 68882 
16.7MHz 16.7MHz 
20.0 MHz 20.0 MHz 

- 16.7MHz 
- 20.0 MHz 

68851 -
SRAM DRAM 

512 Kbyte 1 Mbyte 
2 Mbyte 4 Mbyte 

0 1 
local DPR 

1 4 
X X 
- X 

64 Kbyte 4 Mbyte 

- X 

CPU-29 

68020 
12.5MHz 
30.0 MHz 

68882 
12.5MHz 
25.0 MHz 

-
-
-

SRAM 
1 Mbyte 

1 Mbyte 
0 

local 

4 
X 
X 

4 Mbyte 

X 

= ~ ... i' --.. 
n 

" c ... o ... .. 
A-
M 



FAMILY CPU-20 CPU-21 CPU-22 

Battery BackupSRAM - 32 Kbyte 

Seriall/Os RS232 1 1 
RS232 & RS422 1 1 

Used Controller Chip 2x68561 68562 

Floppy Disk Interface - -
SCSI Interface - -
SCSI Transfer Speed - -
FORCE Message 
Passing Channels - 2 

Location Monitors Not - 16 
Single Level Arbiter recom- X X 

mended 
FORCE Gate Array for new - FGA002 

Timer 24 bit designs. 1 2 
Timer 8bit - 4 

VMXbus Interface X X 
VSB Interface - -
No. of Used Slots 2 1 

Operating Temp. min. O°C O°C 
max. 50°C 50°C 

Detailed Description 
on Page: 93 105 

CPU-24 CPU-25 

-
1 
1 

2x68561 

-
-
-

-
Not -

recom- X 
mended 
for new -
designs. 1 

-
-
-
2 

O°C 
50°C 
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CPU-26 

32 Kbyte 

1 
3 

2x68562 

X 
X 

4 Mbyte/s 

2 

16 
X 

FGA002 

2 
4 

-
-
1 

O°C 
50°C 
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CPU-29 

-
2 
-

2x68561 

-
-
-

-
-
X 

FGA001 

2 
-
-
X 

1 

O°C 
50°C 
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FAMILY CPU-30 CPU-31 

Processor Type ' .68030 68030 
'freqtJency min. '16.7MHz t6.7MHz 

max. ' 20.0MHz 20.0 MHz 

, . FPCPType 68882 68882 
Frequency min. ,16.7 MHz 16.7MHz 

'max. ,20.0 MHz 20.0 MHz 

DMAC Frequency min. 16.7MHz 16.7MHz 
max. 20.0MHz 20.0 MHz 

OnChipMMU X X 

RAM Type DRAM SRAM 
RAM Capacity min. 1 Mbyte 1 Mbyte 

max. 4 Mbyte 1 Mbyte 
No. of Wait States 1 0 
RAM Function DPR DPR 

No. of EPROM Sockets 4 4 
28 Pin Support X X 
32 Pin Support X X 
Max. Capacity 4 Mbyte 4 Mbyte 

FORCEbug - -
VMEPROM X X 

,CPU~32 CPU-.386 

,68030 80386 
12'.5MHz ,16.7MHz 
33.DMHz 16.7MHz 

68882 -
12.5MHz -
25.0-MHz -

- -
- -
X X 

SRAM DRAM 
1 Mbyte 2 Mbyte 
1 Mbyte 8 Mbyte 

0 0 
local local 

4 4 
X X 
X -

4 Mbyte 256 Kbyte 

- X 

X -

' ,GPl:J·3Sf1IA 

,80386 
16.7 MHz 
16.7 MHz 

80387 
16.7MHz 
16.7 MHz 

-
-
X 

DRAM 
2 Mbyte 
8 Mbyte 

0 
local 

4 
X 
-

256 Kbyte 

X 

-

'W 0 

.0 ~. .:. ~ ,._. 
. ..... ,.. 
" C 
III o 
III 

A-
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FAMILY CPU-30 CPU-31 

Battery Backup SRAM 32 Kbyte 32 Kbyte 

Seriall/Os RS232 1 1 
RS232 & RS422 3 1 

Used Controller Chip 68562 68562 

Floppy Disk Interface X -
SCSI Interface X -
SCSI Transfer Speed 4 Mbyte/s -
FORCE Message 2 2 Passing Channels 

Location Monitors 16 16 
Single Level Arbiter X X 

FORCE Gate Array FGA002 FGA002 

Timer24 bit 2 2 
Timer 8bit 4 4 

VMXbus Interface - -
VSB Interface - X 

No. of Used Slots 1 1 

Operating Temp. min. O°C O°C 
max. 50°C 50°C 

Detailed Description 
on Page: 161 179 

CPU-32 CPU-386 

- -
2 3 
- -

2x68561 68562 

- -
- -
- -

- -

- -
X X 

FGA001 -
2 -
- 3+2 

- -
X -

1 1 

O°C O°C 
50°C 50°C 
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CPU-386A 

-
3 
-

68562 

-
-
-

-

-
X 

-
-

3+2 

-
-
1 

O°C 
50°C 
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System 68000 
SYS68K/FMB 
Force Message Broadcast 
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1. General Description 
The FORCE Message Broadcast (FMB) is a mes­
sage broadcasting utility on the VMEbus allowing 
messages to be sent across the VMEbus to any 
CPU board or to intelligent controllers. 
A message of 8 bit can be sent to each of the partici­
pating slaves on the VMEbus. 

1.1 The FMB Implementation 
The FMB allows a user to send user defined 8 bit 
wide messages to any board which supports the 
FMB function in a single standard VMEbus write 
cycle. 
The FMB receiver contains at minimum an 8 byte 
deep FIFO to store these messages. The FMB 
receiver is capable of interrupting the local CPU on 
a software programmable level and supplying a 
unique interrupt vector. Two fully independent 
FMB channels offer different prioritized messages 
across the VMEbus. 

The initiator defines to which slave boards the mes­
sage is sent via the access address. A unique access 
address for each VMEbus slot (21) assures that the 
message can be sent to each of the installed boards 
in a single cycle. 
The FMB is installed in the FORCE Gate Array FGA-
002 assuring compatibility to all FORCE Computers 
products. 
A typical multiprocesor configuration is outlined in 
the following figure describing how the FMB can be 
used to distribute different messages to the various 
installed boards. 

BLOCK DIAGRAM FORCE MESSAGE BROADCAST 

RAM 110 liD 
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2. The Message Broadcast Concept 
Message broadcasting is necessary in mUltipro­
cessor configurations to synchronize multiple 
CPUs and to exchange/share status information. 
A multiprocessor configuration consisting of for 
example 10 CPU boards each working on a dedi­
cated task needs to be controlled and triggered if 
data is coming in. This data has to be processed 
and all CPU boards have to signal completion to all 
other boards. 
The VMEbus specification does not define a stan­
dardized way of synchronizing these multiple 
CPUs so that for each application, a system design 
engineer has to define a message broadcasting 
technique 'typically using the VMEbus interrupt 
structure. The FMB provides an installed mecha­
nism to allow message broadcasting without VME­
bus interrupt overhead. 
With the availability of FMB, there now exist three 
possible methods for multiple CPUs to communi­
cate effectively in a multiprocessing VMEbus en­
vironment. VMEbus interrupts, location monitors 
and FMB. The merits and drawbacks of each 
method is described below. 

2.1 The VMEbus IRQ Structure 
Seven different Interrupt Request signals are de­
fined in the VMEbus specification. Each of these 
seven IRQs can interrupt one interrupt handler. An 
interrupt handler can be an intelligent I/O controller 
or a CPU board. 
Normaliy, one or more IRQ level(s) per interrupt 
handler can be assigned (static IRQ handler). 
This alloV!lf3 the interruption of a maximum of 7 dif­
ferent CPU boards at a time. 
Each interrupt handler needed to fetch the interrupt 
vector from the VMEbus requires the request of bus 
mastership. For 7 interrupt requests being asserted 
at the same time 7 IRQ vectors need to be fetched. 
Typically the IRQ daisy chain needs around 200 to 
800 ns per cycle to be completed. The bus request! 
bus grqnt daisy chain takes approximately 100 ns 
per lACK cycle and the time overhead to perform the 
cycle on each CPll board requires additional 1 DOns. 
Adding all these together (700 ns as an average) 
and multiplying by 7 results in a minimum time of 
7,9 us to send all of these 7 boards an interrupt. 
These are ideal conditions while the "real" time re­
quired to interrupt all CPU boards is also influenced 
by the application. This means that for example 
each CPU board does not release bus mastership 
after fetching the interrupt vector because transac­
tions on the VMEbus are required. This application 
depended overhead may result in a much longer 
synchronization time, maybe up to 10 to 20 us. 
This means that the time between the first CPU get­
ting its IRQ vector and the 7th CPU may reach 20 us. 
This may result in a timing problem ofthe Real Time 
Synchronization capability of the whole system. 
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2.2 The Location Monitor 
A different technique to synchronize multiple CPU 
boards is the usage of location monitors on each 
CPU board to be synchronized. The location moni­
tor has a unique global VMEbus address and deco­
des the access address of VMEbus cycles and in­
terrupts the local CPU on the defined IRQ level, 
when an address match occurs. 
This technique allows the interruption of more than 
7 different CPU boards on the VMEbus if each of 
the CPU boards contains an independent location 
monitor. 
To synchronize for example 10 different CPU boards 
on the VMEbus, 10 VMEbus access cycles have to 
be performed as each location monitor has to be 
addressed separately. Assuming that each VME­
bus access cycle takes approximately 300ns in­
cluding the response time of the slave board and 
adding 200ns for fetching and executing the next 
instruction then 500 ns per cycle are needed. This 
results in a minimum time of 5.0 us required to in­
terrupt 10 different CPU boards. 
This is the ideal timing assuming that the board 
which triggers all other boards does not give up 
VMEbus mastership. 
The maximum time between the first and tenth in­
terrupted CPU board may reach 5 to 10 us depen­
ding on the application. 
In high end multiprocessor applications this time 
may reach 20 to 30 us using 16 or more CPU boards. 

2.3 The FORCE Message Broadcast 
The FORCE Message Broadcast (FMB) allows the 
interrupt of all, some or only one CPU board sup­
porting of the FMB feature in only one cycle which 
is performed in less than 330 ns including the VME­
bus protocol. 
Using the location monitor technique is at a mini­
mum 10 times slower in synchronizing the different 
CPUs in a system not using the FMB mechanism. 
In addition, the FMB allows the storage of an 8 bit 
message in an 8 byte deep FIFO. This information 
is user defined and therefore adaptable to the ap­
plication needs. The location monitors normally do 
not store any information. 
If a message should be stored using the Location 
Monitor technique a Dual Ported Memory is requi­
red resulting in a doubled amount of time needed to 
sychronize the CPU boards. 
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3. The VMEbus Interface 
The specification of the VMEbus defines two mod­
ules, the master and the slave. A master holding 
bus mastership can initiate data transfers on the 
VMEbus by reading or writing data from/to the 
slave module. 
The current revision of the VMEbus specification 
does not forbid write cycles to multiple slave mod­
ules because of its fully asynchronous structure 
and lack of handshake signals. FORCE Computers 
defines such a cycle by synchronizing all participa­
ting slave modules on the falling edges of the Data 
and Address Strobe signals. 
The principal data transfer is a standard write 
transfer which is terminated by asserting a DTACK* 
or BERR* to the master board. 
In the case when the BERR* signal is asserted be­
fore DTACK*, the cycle was not performed cor­
rectly. 
If the DTACK* signal is asserted before BERR*, the 
cycle has been performed correctly. 
The timing diagram of the different cycles shows 
the principal of operation. 
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The slave which detects that the cycle cannot be 
performed has to drive BERR* to the VMEbus to 
signal the master that the cycle has not been suc­
cessfully executed. All other participating slaves 
which perform the cycle have to drive the DTACK* 
signal to the VMEbus informing the master CPU 
that the data pattern sent to the slave module has 
been stored correctly. 
The slave module(s) detecting that the cycle cannot 
be performed correctly must assert BERR* at latest 
150 ns after the data strobe has been driven active 
to insure that the master receives the BERR* before 
DTACK* from another participating slave. 
The participating slave(s) MUST NOT drive their 
DTACK*s valid before 200 ns after the data strobe 
has been asserted. This timing insures compatibi­
lity with the current available CPUs like the 68000, 
68010, 68020 and 68030. 
This assures that the master receives BERR* be­
fore DTACK*. Indeed 3 participating slave modules 
may drive DTACK* active while one module may 
drive BERR*. 
The initiator of a FMB cycle can be each standard 
VMEbus board capable of driving extended acces­
ses (A32 mode) independent of the FMB slave 
function. 
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Timing Diagram A: Correct Operation 

ADDRE:.SS x X 
AS" '" / 

DATA X X 

" " 
OSl* 

"I"-
'-------' 

DTACK" 

_mln200ns_ 

Timing Diagram B: Incorrect Operatio>n 

ADDRESS ----~><~----------~><~----
AS" '" / 

DATA __ ~X X~ __ __ 
D50* 

OS1* 
_ max 150ns _ 

BERR" 

DTACK" 

_mln200ns_ 
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4. The Local Bus Interface 
The two fully independent FMB channels installed 
in FGA-002 are able to interrupt the local CPU on a 
software programmable level. The interrupt vector 
is supplied on a local interrupt acknowledge cycle 
from the Gate Array to the local CPU without re­
questing or using the VMEbus. 
The message stored in the 8 byte deep FIFOs can 
be read from the local CPU out of the Gate Array 
through two fully independent data registers. 
A status register shows if messages are stored in 
the FIFO or if no message is received. 
In case that the FIFO has an overflow, an error bit is 
set in the status register. 
To recover from FIFO overflow, the control register 
allows the reset of the FIFO and operations may be 
started again. 

5. Usage of the FM B 
This paragraph lists some typical applications 
where the FMB is useful. 

5.1 Multiprocessor Synchronization 
If a high end multiprocessor system has a need for 
synchronization of time critical tasks, the FMB may 
be used to interrupt all CPU boards or only a few of 
them at the same time. 
This allows a reduction in the time between differ­
ent CPU boards being interrupted and therefore 
eliminates run time differences. 
Example: A20 processor system not using the 

FMB technique for synchronization 
may have a time gap between the first 
and last interrupt acknowledge cycle of 
the different interrupted CPU boards of 
at least 30 us. These 30 us can be saved 
by using the FMB. 

5.2 Multiprocessor Status Exchange 
A standard multiprocessor system has to have a 
control mechanism to detect if a board does not 
perform well or if the board is halted. 
Normally, status bits in global memory are set and 
one board has to poll this function bit. After reading 
this bit it has to be reset to ensure that the CPU to 
be checked is able to and has changed that bit. 
This technique uses a significant amount of the 
VMEbus bandwidth, because both the board 
which is observed and the observer have to check 
and modify the bits in global memory. 
The FMB allows reduction of overhead because 
only the observed board has to initiate an FMB 
cycle and store in the observer's FMB FIFO the 
message that board X is functioning correctly. This 
function allows the observer(s) to wait a defined 
time period and set a watchdog timer to initiate a 
local interrupt if the observed board(s) has not! 
have not sent a message within the time period. 
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The observer is no longer limited to only one CPU 
board because this message can be sent to all CPU 
boards installed in the system to make them aware 
that the sender is active. 
This allows easy installation of a fully virtual watch­
dog function. 

5.3 Fault Tolerant Configurations 
The FMB may be used for message broadcasting 
in a fault tolerant system built With VMEbus based 
boards. The FMB can inform each CPU board about 
the current status of each other board to detect 
failures on non responding and/or on responding 
but not current functioning modules. 

5.4 Triggering of Dedicated Processors 
The FMB allows the user to send a start or a stop 
message to a multiple CPU board to control their 
program flow. The message or data pattern can in­
form these CPUs to, for example, abort the current 
task and start execution of the next task. 

5.5 Enhanced Real Time Capabilities 
The FMB allows a significant increase in the Real 
Time capability of a multiprocessor system be­
cause the time between the interrupts being ac­
knowledged by the different CPUs can be reduced 
to almost 1 us (in reality). This allows the user to, for 
example, send 10 installed CPU boards the same 
message (first byte) and than a number of data by­
tes which are needed to perform an action. 



6. Installation of the FMB 
The FMB is installed on various FORCE Computers 
CPU boards as listed below. These boards may 
both be FMB slaves andlor FMB masters. 

SYS68K1CPU-22 68020 CPU board with FPCP, 
constant zero wait state Dual 
Ported RAM and DMA 

SYS68K1CPU-26 68020 CPU board with FPCP, 
4 Mbyte Dual Ported DRAM, 
DMA, SCSI, FDC and 4 serial 
II0s 

SYS68K1CPU-30 68030 CPU board with FPCP, 
4 Mbyte Dual Ported DRAM, 
DMA, SCSI, FDC and 4 serial 
I/Os 

SYS68K1CPU-31 68030 CPU board with FPCP, 
constant zero wait state Dual 
Ported RAM, DMA and VSB 
interface 
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CPU boards as listed below can only initiate a FMB 
cycle as a master. 

SYS68K1CPU-21 68020 CPU board with FPCP, 
constant zero wait state SRAM 
up to 25 M Hz clock frequency 

SYS68K1CPU-25 68020 CPU board with FPCP, 
Memory Management (68851 
PMMU) and 512 Kbyte static 
RAM 

SYS68K1CPU-29 68020 CPU board with up to 
30 MHz clock frequency, 
FPCP, 1 Mbyte zero wait state 
SRAM and VSB interface 

SYS68K1CPU-32 68030 CPU board with up to 
30 MHz clock frequency, 
FPCP 1 Mbyte zero wait state 
SRAM and VSB interface 
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System 68000 VME 
SYS68K/CPU·i1 
68020 Real Time Multi Processor 
CPU Board 

• No Wait State 25 MHz 68020 
• 512 K/2 Mbyte Static RAM 
• 68881 Floating Point Co-Processor 
• 2 Serial 1/0 Interfaces 
• 32 bit wide EPROM Areas 
• VMEbus and VMXbus Interface 

93 



SYS68K/CPU-21 

94 



General Description 
The SYS68K/CPU-21 is an ultra high speed CPU 
board designed around the true 32 bit 68020 CPU. 
The board is built for the VMEbus/IEEE 1014 stand­
ard environment and offers 8 sockets for JEDEC 
compatible devices (EPROMs or SRA Ms) , two serial 
ports, a local control device as well as the advanced 
floating point co-processor 68881 (CPU-21). 
Astatic RAM (512 Kbyte) is installed on theCPU-21 
to provide zero wait state operation at 12.5 to 25 
MHz on read and write cycles. 

BLOCK DIAGRAM OF THE SYS68K1CPU-21Y 

68020 CPU 
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The SYS68K/CPU-21A with its 20 MHz CPU runs 
without the insertion of wait states out of 512 Kbyte 
SRAM and the SYS68K/CPU-21 B with its 25 MHz 
CPU runs also without the insertion of wait states 
out of 512 Kbyte SRAM. 
A powerful real time multitasking monitor called 
VMEPROM is included. It features over 50 com­
mands for debugging, task management, file man­
agement 68020/68881 line assembler/disassem­
bler. 
A photo of the SYS68K/CPU-21 is shown on the 
left page while the block diagram of the SYS68K/ 
CPU-21Y is shown below. 
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Features of the SYS68K/CPU-21 
• 68020 CPU (12.5 MHz) on CPU-21 S 

68020 CPU (16.7 MHz) on CPU-21 
68020 CPU (20.0 MHz) on CPU-21A 
68020 CPU (25.0 MHz) on CPU-21 B 

• 68881 Floating Point Co-Processor 
• 68561 Multi-Protocol Communications Con­

trollers for Serial I/O (one RS232 and one 
RS232/RS422 compatible interface) 

• 68230 Parallel Interface and Timerfor local con­
trol, interrupt level control and timer function 

• 68153 Bus Interrupter Module for all local inter­
rupts 

• 512 Kbyte or 2 Mbyte of zero wait state static 
RAM via the FLME interface Gumper selectable 
access address) 

• 4 Sockets for EPROMs (32 bit wide) for 8K x 8 to 
64K x 8 organized devices 

• 4 stacked DIP sockets for EPROMs/SRAMs 
(32 bit wide) for 8K to 64K x 8/8K x 8 to 32K x 
8 devices. The maximum EPROM capacity is 
512 Kbyte by using eight 27512 devices, the 
maximum SRAM capacity is 128 Kbyte by using 
four 32K x 8 SRAMs 

• Fully buffered local address and data bus 
• VMX Primary Master Interface (32 bit) 
• VME IEEE 1014 interface (VMEbus) supporting 

unaligned transfers (32 bit) 
• Single level bus arbiter 
• Software selectable bus release functions (6) 
• Interrupt handler (1-7 static) 
• Bus Timer for BERR generation on local bus, 

VME IEEE 1014 bus and VMXbus 
• Power Fail Detector and RESET generator 
• RESET and TEST switch 
• RUN/HALT switch 
• CACHE enable/disable switch 
• RUN/HALT/Bus Master/SRAM Access and 

Wait State indication LEOs 
• Powerful real time monitor/debugger, called 

VMEPROM, included. 

1.0 Hardware Description 

1.1 The 68020 CPU 
The 68020 with its 32 bit address and data bus is 
implemented on the board to take full advantage of 
the 32 bit VME IEEE 1014 bus structure. 
A cache of 256 words is installed on the CPU to re­
duce bus overhead by eliminating op-codefetches. 
A CACHE switch is installed on the front panel to 
provide easy software debugging through enabled 
or disabled CACHE via hardware (the switch over­
rides the software commands). 

96 

The 68020 offers additional instructions to the 
68010 such as string manipulations, extended 
branches overthe whole 4 Gbyte addressing space, 
check and set instructions as well as enhanced ex­
ception handling (3rd stack pointer for interrupts) 
etc. 
Dynamic bus sizing (8, 16 or 32 bit ports are de­
fined) and the 32 bit structure offers maximum 
throughput in conjunction with the 32 bit wide mem­
ory such as the connectable static RAM boards 
which provide zero wait state operation on read 
and write cycles (CPU clock frequency is 16.7 MHz). 
In this case 2-3 MIPs computing power are avail­
able. 
The CPU communicates to the local I/O and mem­
ory through a full buffered address and data bus. 

1.2The Floating Point Co-Processor 
The SYS68K1CPU-21 is fitted with a 68881 FPCP. 
The clock frequency of the CPU and the FPCP are 
identical. The FPCP conforms to the IEEE Floating 
Point standard 10.0. 
Easy Floating Point operation control to the Co­
Processor is provided because the intercommuni­
cation between the CPU and the FPCP is built in 
silicon. 
An internal register set of 8 general purpose regis­
ters (80 bit wide) yields fast execution times. 
The performance of the FPCP can be easily up­
graded by changing the quartz oscillator frequency 
(as faster versions become available). 

Features of the FPCP: 
• 8 General purpose Registers (80 bit, 64 bit Man-

tissa, 15 bit Exponent and one Sign bit) 
• 67 bit on chip ALU 
• 67 bit barrel shifter 
• 46 Instruction Types including 35 Arithmetic 

Operations 
• IEEE P754 standard (draft 10.0) 
• Full support of trigonometrical and logarithmic 

functions such as: 
sine and cosine 
tangent and cotangent 
Hyperbolic functions (tangent, arc tangent, 
sine and cosine) 
Logarithmic functions (4) 
Square Root and Exponential functions (4) 



1.3 The Serial 110 Channels 
The SYS68K/CPU-21 board contains two Multi 
Protocol Communications Controllers (68561 
MPCC) which support the following protocols: 
• Character Oriented Protocols 

BSC, DDCMP, X3.28, X.21 
ECMA16 

• Synchronous Bit Oriented Protocols 
SDLC, HDLC, X.25 

• Even, Odd or no Parity check 
• CRC check selectable 
• Eight character receiver and buffer register 
• Software Programmable Baud Rate from 110 to 

38400 Baud 
• DC data Rate up to 4 Mbitls 
An RS232 compatible interface (first port) is in­
stalled on the board to provide direct connection to 
standard terminals. The user can select between a 
RS232 and a RS422 compatible interface on the 
2nd serial port. 
The I/O signal assignment of the 4 input and output 
signals per port to the two 25 pin D-sub connectors 
on the front panel is jumper selectable. 
Each MPCC is able to issue an interrupt on a soft­
ware programmable level to the CPU. The interrupt 
vectors are also software programmable. 

1.4 The Local Control PI/T 
A Parallel Interface and Timer Module (68230 PlfT) 
with 8 MHz clock frequency is installed on the board 
to provide timer function as well as local control. 
All interrupt levels of the CPU (1 to 7) can be separ­
ately enabled or disabled via port B of the PI/T. 
Eight DIP-switches for data input and configuration 
selection (memory size, baud rate etc.) are installed 
on the front panel and readable via port A of the 
PIfT. 
The SYSFAIL and ACFAIL signal of the VMEbus is 
routed to the handshake pins of the PIfT to gener­
ate an interrupt or exception. The interrupt request 
signal of the VMXbus is also routed to one hand­
shake input to generate an interrupt to the 68020. 
The availability of the Floating Point Co-Processor 
can be sensed through the PIfT. 
The bus release functions of the VMEbus (ROR, 
RAT, RATAR, RATBCLR, RORAT, RORRAT) are 
SOFTWARE selectable through port C of the PIfT. 
The PlfT includes a 24 bit programmable timer with 
5 bit prescaler. The Timer can be used for time 
measurement or as a time base for operating sys­
tems. The Timer as well as the signals, connected 
to the handshake port can issue an interrupt to the 
CPU on a software programmable level. The inter­
rupt vector is also software programmable. 
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1.5 The Local Interrupt Handler 
A Bus Interrupter Module (68153 BIM) is installed 
on the board to provide a software programmable 
interrupt level for each of the on-board interrupt 
sources. 

Local Interrupt Sources 

Interrupter Device 

TEST SWITCH Switch 
Serial Channels MPCC 
Timer PlfT 
ACFAIL PlfT 
SYSFAIL PlfT 
VMX-IRQ PlfT 

The CPU-21 will only request VMEbus mastership 
if the access address is within the VMEbus range or 
if a VMEbus interrupt has to be acknowledged. 

1.6 Local Memory 
The local memory consists of 8 sockets for JEDEC 
compatible devices, 4 SYSTEM EPROM sockets 
as well as 4 USER sockets. The memory organiz­
ation is 32 bit wide for the SYSTEM and the USER 
area to provide maximum throughput of the 68020 
CPU. 
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The following device types are supported: 

Oevice Organization SYSTEM Area USER Area TOTAL 
Type capacity capacity capacity 

2764 8Kx8 32 Kbyte 32 Kbyte 64 Kbyte 
27128 16Kx8 64 Kbyte 64 Kbyte 128 Kbyte 
27256 32Kx8 128 Kbyte 128 Kbyte 256 Kbyte 
27512 64Kx8 256 Kbyte 256 Kbyte 512 Kbyte 

6264 8Kx8 
62256 32Kx8 

The board is fitted with the VMEPROM (in 4 EPROMs 
27256) and 4 SRAMs 6264 for standalone oper­
ations. If the exception vectors can be stored in an­
other address (i.e. $0) the USER area can be used 
for additional EPROMs. 
The access ti me of the SYSTE M and the USER area 
are independently jumper selectable between 100 
and 400 ns. 

1.7 The Local Memory Extension 
The CPU-21 contains a local extension (FLME) 
Interface (32 bit wide) for ultra high speed static 
RAM connection. This fully buffered local memory 
extension bus is connected to the 3rd 96 pin OIN 
connector in the middle of the board. 
The access address and the capacity of the RAM 
area is jumper selectable in the whole 4 Gbyte 
address space. All of the decoding and driver/re­
ceiver logic is installed on the CPU-21 board. 
512 Kbyte of SRAMs is installed on the CPU-21 
and 2 Mbyte is installed on the SYS68K/CPU-21Y 
series of boards. 
The access time of 35ns allows to operate at 
25 MHz CPU clock frequency without insertion of 
any wait states. The FLME Memory can be ex­
tended by using a SRAM-22 board. 
CPU-21A memory extention is supported by the 
SRAM-22A and for CPU-21 B memory extension is 
supported by the SRAM-22B. 

Transfer Type 031-024 023-016 

Byte 

Word 

Long-Word x x 

Unaligned x x 
Transfers x 

x 

Read Modify Write 

x x 

- 32 Kbyte 32 Kbyte 
- 128 Kbyte 128Kbyte 

1.8 The Local Control 
A local RESET generator is installed on the board to 
provide a RESET to all of the on-board devices. The 
RESET is generated. if the Power Fail detector de­
tects a supply voltage of lower than 4.75V, if the 
RESET switch on the front panel is pushed or if the 
SYSRESET from the VMEbus is active. 
A TEST switch is installed to provide self test or 
application dependent interrupt handling. The OE­
BUGGER of the CPU-21 supports the TEST switch 
as level 7 interrupt (Software Abort). 
Additionally a RUN/HALT function switch IS installed 
for easy mUlti-processor software debugging. 
RUN/HALT, VME Bus Master, Local RAM exten­
sion access and EPROM access are shown on the 
front panel through LEOs. 
6 LEOs on the front panel show the number of wait 
states inserted by the 68020 CPU. 

1.9 The VMEbus Interface 
A full 32 bit VMEbus/IEEE 1014 standard interface 
is implemented on the CPU-21 to communicate to 
global RAM - ant1 I/O cards. 
The 4 Gbyte address space of the 68020 is fully de­
coded and 8, 16" 24 and 32 bit data transfers are 
supported as listed below: 

015-08 07-00 Note 

x 
x 

x x 

x x 

x 1 
x 1 
x x 1 

x 1 
x x 1 
x x 1 

Note 1: According to the VMEbus specification Rev.C and the IEEE 1014 specification. 
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The support of the unaligned transfer allows the 
68020 CPU to operate with its maximum through­
put because a 16 bit transfer to an odd address is 
now legal and needs only 1 bus cycle. If the unalig­
ned transfer is not supported, 2 bus cycles are 
needed because the single transfer has to be split 
into 2 cycles. 
To enable the support of 16 bit memory boards, the 
size of the VMEbus address space is program­
mable (16 or 32 bit wide) via the PIIT. 
A single level arbiter is installed on the CPU-20/21 
to build small environments without the need for a 
special system controller. The arbitration level on 
which the board requests the VMEbus mastership 
is jumper selectable to level 0, 1, 2, and 3. 
Powerful software programmable bus release 
functions are installed on the board such as: 
a) RAT Release after Ti me-Out 
b) RATAR Release after Time-Out if Request 

is pending 
c) RATBCLR Release after Ti me-Out if bus clear 

d)ROR 
e) RORAT 

f) RORRAT 

is active 
Release on Request 
Release on Request after 
Time-Out 
Release on Request and Release 
after Ti me-Out 

The VMEbus Interrupt Request Signals (IRQ 1-7) 
are jumper selectable to provide full multiprocess­
ing. 
A bus timer for BERR generation during VMEbus 
accesses is installed. Additionally a Power FAIL 
detector and a SYSRESET generator is provided 
on the board. 

1.10 The VMXbus Interface 
A full 32 bit VMX Interface is installed to allow high 
end configurations for multi-processing applica­
tions as shown below: 
The Primary Master Interface allows the connec­
tion of up to 5 other VMXbus boards which may be 
RAM boards, special 110 boards as well as propri­
etary boards (i.e. Graphics Controller). 
The 32 bit data path (D32NA) allows the following 
transfer types: 

WRT Write Cycles 
RD Read Cycles 
RMW Read Modify Write Cycles 
ADDR Address Only Cycles 

Aligned and Non-Aligned Transfers are supported 
from the CPU-21. 
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The Slave Boards may respond to the CPU as 
follows: 

SO Standard Data 
SDE Standard Data Error Response 
LD Late Data Response 
LDE Late Data Error Response 

The VMXbus Interrupt request is supported and 
handled through the on board PIIT. The IRQ level 
and the IRQ vector are software programmable. 

2.0 Software Description 
VMEPROM is an EPROM based real-time monitor. 
The complete package resides in 128 Kbyte of 
EPROM and uses a minimum of 32 Kbyte of RAM. 
VMEPROM is composed of the powerful PDOS 
real-time kernel and the PDOS file manager. Thus 
the package provides support of a highly sophisti­
cated real-time kernel and an interface to floppy 
and hard disk drives. 
The user interface contains more than 50 com­
mands perfectly suited for program debugging, 
host computer communications, as well as task­
and file management. In addition it Includes a 
powerful line assembler and disassembler for the 
68020 and the 68881. 

2.1 Features of the VMEPROM 
• Real-Time Multitasking Kernel supporting up to 

64 tasks. 
• File Management support for sequential, ran­

dom and shared files. Up to 64 files may be 
opened at the same time. 

• Line assembler/disassembler with full support 
of all 68020/68881 instructions. 

• Over 20 commands for program bedugging, in­
cluding breakpoints, tracing, processor register 
display and modify. 

• S-record up/downloading from any port de­
fined in the system. 

• Disk support for RAM-disk, floppy and winche­
ster disks. Either a SYS68K!WFC-1 or a 
SYS68K1ISCSI-1 mass memory controller may 
be used. VMEPROM also allows disk formatting 
and initialisation. 

• Serial I/O support for up to two S10-2 or ISI0-1/2 
boards in the system. 

• EPROM programming utility using the SYS68K1 
RR-2/3 boards. 

• Full Screen Editor. 
• I/O redirection to files or ports from the com­

mand line. 
• Over 100 system calls to the kernel are sup­

ported. 
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2.2 Description of the User Interface 
ofVMEPROM 
The user interface ofVMEPROM allows I/O redirec­
tion to files or to any port defined within the system. 
Multiple command lines may be entered on a single 
command line. The user console input is interrupt 
driven and allows type-ahead. Over 60 commands 
are built into the VMEPROM user interface and are 
directly accessible without destroying memory. 
The Command set covers functions such as pro­
gram execution, breakpoints, tracing and a power­
ful line assembler/disassembler. Also resident are 
file system functions such as append, delete, copy, 
rename and show file. These are applicable for 
RAM disk, floppy or hard disk. The task manage­
ment functions cover create task, kill task, alter 
task priority and list tasks. 

2.3 Description of the Kernel Functions 
The kernel of VMEPROM is written in 680 x 0 as­
sembly language for fast and efficient execution. It 
provides multitasking, system clock, event pro­
cessing and memory management. Ready tasks 
are scheduled with a prioritized round-robin 
method. Up to 64 tasks may be defined simulta­
neously. 
Semaphores and events provide a low overhead 
facility for one task to signal another. Messages 
and mailboxes are used in conjunction with task 
lock, unlock, suspend and event primitives. 

2.4 Description of the File Manager Functions 
The file manager module provides sequential, ran­
dom, read only and shared access to named files 
on RAM disk, floppy or hard disk. New files are 
automatically defined contiguously to improve 
access speed. 

2.5 Supported VMEbus Hardware 
Upon power up, VMEPROM checks the VMEbus 
for the availability of several controller boards. 
Supported are up to two serial 110 boards, and one 
disk controller. 
In addition, EPROM programming is supported by 
VMEPROM utilising the SYS68K/RR-2/3 board 
family. 

2.6 Target System Support 
VMEPROM can easily be used in target systems. 
For these systems, the application program can be 
put into EPROM with or without the user interface. 
The application programs can be started either by 
a command line or directly after reset without user 
input. 
The minimum EPROM space required by the VME­
PROM kernel and file manager is about 40 Kbytes. 
Small romable applications can be put in EPROMS 
easily without the overhead of the user interface. 

2.7 Development Systems 
Currently either one of the FORCE PDOS* or UNIX 
System V* development stations may be used for 
software development for VMEPROM. 
Compilers, Assemblers, and Libraries are available 
together with utilities for program downloading. 
These tools are well suited to help in program devel­
opment and debugging. 
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2.8 Licensing 
No license is required for VMEPROM. VMEPROM 
is delivered free of charge with every CPU-21 board. 



Specification CPU-21 

CPU 
Clock Frequency 

Floating Point Co-processor 

FLMEMemory 
No of Wait States 
SYSTEM EPROM sockets 
USER EPROM sockets 
EPROM capacity (max) 
SRAM capacity (max) 
SRAM capacity at deliveryforVMEPROM 
No of Wait States 
Serial 1/0 Interfaces 

VMEbus Interface IEEE 1014 
A32, A24, A 16 
032,024,016,08 

Interrupt Handler 
(1-7 Stat) 
Single Level Arbiter 
Bus Release Functions 
Pri mary VMXbus Interface (032NA) 
Interrupt Handler 
RESET, TEST, RUN and CACHE switch 
VMEPROM Firmware 
Power Requirements 
+ 5V(max) 
+12V(max) 
-12V(max) 
Operating Temperature (degree C) 
Storage Temperature (degree C) 
Relative Humidity (Non-condensing) 
Board Dimensions 234 x 160 mm (9.2 x 6.3") 
No. of Slots used 
Thickness 
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68020 
12.5 MHzonCPU-21S 
16.7 MHzon CPU-21 
20.0 MHz on CPU-21A 
25.0 MHz on CPU-21 B 
12.5 MHzon CPU-21S 
16.7 MHzon CPU-21 
20.0 MHz on CPU-21A 
20.0 MHz on CPU-21 B 
512 Kbyte 
o 
4 
4 
512i<byte 
128 Kbyte 
32 Kbyte 

2 
1 RS232 
1 RS2321RS422 

x 
x 

x 
x 
6 
x 
x 
x 
128 Kbyte 

5.3A(2x) 
0.2A(1x) 
0.2A(1x) 
Ot050 
-40t085 
Ot095% 
x 
2 
38 mm (1.39") 
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General Description 
The SYS68K/SRAM-22 IS an ultra high speed static 
RAM board designed for the 68020 processor 
board, CPU-21. 
The static memories are 64K x 1 oriented and have 
an access time of as low as 45ns. This allows 
operation of the 68020 at a clock frequency of up to 
20MHz without any wait states. Therefore, maxI­
mum throughput is provided uSing the SRAM-22 
board. 

1.0 Hardware Description 

1.1 The Static RAM 
The memory organisation is 32 bit wide (512 Kbyte 
in 19tal) to allow maximum throughput for the 
68dl20. Aligned and unaligned transfers are sup­
ported because each byte strobe is separately 
controlled via a decoding logic on the local memory 
expansion. Zero Wait State operation of 16.7 MHz 
processor clock frequency is provided using 55ns 
devices. 

Specification SRAM-22 

Memory Capacity 
Access Time of SRAMs 

NO.ofSRAMs 
Serial 110 Channel 
RS232 interface 
RS422 interface 
Power Requirements 
+ 5V(max) 
+12V(max) 
-12V(max) 
Operating Temperature (degree C) 
Storage Temperature (degree C) 
Relative Humidity (non-condensing) 
Board Dimensions 
234 x 160 x 18 mm (9.2 x 6.3 xO.71") 
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Two banks (32 chips each) are associated with one 
SRAM board. 2 LEOs show if an access is pending 
to one of the two memory banks. 
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To supportthe higher clock frequency of CPU-21A, 
the SRAM-22A IS equipped with 45ns devices. 
The RAM extension for CPU-21A can only be made 
with SRAM-22A. 

1.2 Serial 110 Interface 
A Multi Protocol Communications Controller 
(68561 MPCC) is installed on the SRAM-22 to pro­
vide an additional senal communication channel. 
The interface type is jumper selectable between 
RS232 and RS422 driver/receiver circuits. 
A Jumperfield offers flexible I/O signal assignment 
to the 25 pin D-sub connector on the front panel. 

512 Kbyte 
70ns on SRAM-22S 
55ns on SRAM-22 
45ns on SRAM-22A 
35ns on SRAM-22B 
64(64Kx1) 
1 
x 
x 

2.8A 
0.1A 
0.1A 
Ot050 
-40t085 
0-95% 

x 
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Ordering Information 

SYS68K!CPU-21 S 
Part No.1 01 041 

SYS68K!SRAM-22S 
Part No. 201040 

SYS68K!CPU-21 
Part No.1 01 001 

SYS68K!SRAM-22 
Part No. 201000 

SYS68K!CPU-21A 
Part No.1 01 011 

SYS68K!CPU-21YA 
Part No. 101061 

SYS68K!SRAM-22A 
PartNo.201010 

SYS68K!CPU-21 B 
Part No. 101021 

SYS68K!CPU-21YB 
Part No.1 01 071 

SYS68K!SRAM-22B 
Part No. 201020 

SYS68K!CPU-21 UM 
Part No. 800073 

SYS68K1VMEPROM UM 
Part No. 800140 

68020 CPU board including Floating Point 
Co-processor68881 with 12.5 MHz clock frequency and 
512 Kbyte of zero wait state RAM including documentation 
andVMEPROM 

512 Kbyte Static Memory board with an additional 
serial I/O interface supporting CPU-21 S 

68020 CPU board (CPU-20) including Floating Point 
Co-processor68881 with 16.7 MHz clock frequency and 
512 Kbyte of zero wait state RAM including documentation 
andVMEPROM 

512 Kbyte Static Memory board with an additional 
serial I/O interface supporting CPU-21 

68020 CPU board with 20.0 MHz clock frequency, 68881 FPCP 
and 512 Kbyte of zero wait state RAM including documentation 
andVMEPROM 

68020 CPU board with 20 MHz clock frequency, 68881 FPCP 
and 2 Mbyte of zero wait state RAM including documentation 
andVMEPROM 

512 Kbyte Static Memory board with an additional serial 
I/O interface supporting CPU-21A 

68020 CPU board with 25.0 MHz clock frequency, 68881 FPCP 
and 512 Kbyte of zero wait state RAM including documentation 
andVMEPROM 

68020 CPU board with 25.0 MHz clock frequency, 68881 FPCP 
and 2 Mbyte of zero wait state RAM including documentation 
andVMEPROM 

512 Kbyte Static Memory board with an additional serial 
I/O interface supporting CPU-21 B 

Hard- and Software User's Manual for CPU-21 and SRAM-22 

VMEPROM User's Manual 
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System 68000 VME 
SYS68K/CPU·22 
Multiprocessor 68020 CPU Board 
with DMA, Message Broadcast and 
the Supreme Dual Ported Memory 

• 16.7 or iO.O MHz 
• iS6 Kbyte or 1 Mbyte constant 0 Wait State 

SRAM 
• FORCE Message Broadcast and Location 

Monitors 
• 3i bit VMEbus and 3i bit VMXbus Interfaces 
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1. General Description 

The SYS68K1CPU-22 is a 68020 based CPU-board 
especially designed for multiprocessor applica­
tions. The Supreme Dual Ported RAM supports 
constant zero wait state access of the 68020 CPU 
to the S-DPR while the RAM is also accessed from 
the VMEbus side. The high speed fully dual ported 
and dual buffered static RAM with a capacity of 
256 Kbyte or 1 Mbyte also supports read and write 
protection for three individual memory areas from 
the VMEbus side. 
The SYS68K1CPU-22 also includes the 68882 en­
hanced Floating Point Coprocessor and a full 32 bit 
DMA Controller which is built inside the 280 pin 

BLOCK DIAGRAM OF THE SYS68K1CPU-22 

107 

SYS68K/CPU-22 

FORCE specific Gate Array. The DMA Controller 
can transfer data fully independant from the oper­
ation of the local CPU. 
Special multiprocessor functions are the 2 inde­
pendent 8 bit wide Message Broadcast FIFOs, and 
the 16 location monitors. Each supports the inter­
ruption of the local CPU on a software program­
mabie level. 
Additional features include the up to 4 Mbyte 
EPROM capacity (32 bit wide), the 2 multi-protocol 
serial 1/0 links, the 32 Kbyte battery backed up 
SRAM, the Real Time Clock/Calender and the 
VMXbus interface. 

P3 

P4 
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2. Features of the SYS68K1CPU-22 Boards: 

• 68020 CPU with 16.7 or 20.0 MHz clock fre-
quency. . 

• 68882 Floating Point Coprocessor with 16.7 or 
20.0 MHz clock frequency. 

• 32 bit DMA Controller supporting data transfer 
speeds of up to 30 Mbyte/s (memory to mem­
ory). 32 byte internal FIFO for burst DMA. 

• 256 Kbyte or 1 Mbyte constant zero wait state 
static RAM dual ported to the VMEbus with 
three fully independent software programmable 
access address ranges and write/read protec­
tion. 

• Four user EPROM sockets for up to 4 Mbyte 
EPROM capacity supporting the 28 and 32 pin 
JEDEC standard-one wait state operation from 
EPROMs by using 100 ns devices. 

• One system EPROM socket for local booting 
and initialization of the I/O and the Gate Array. 

• 32 Kbyte of static RAM with on-board battery 
backup and power fail detection logic. 

• Real Time Clock/Calender with battery backup. 
• Two multi-protocol serial I/O channels with 

SDLC HDLC and asynchronous protocols -
RS232 compatible (one RS422 configurable). 

• Two 24 bit timers with 5 bit prescaler - each 
timer may interrupt the 68020 CPU on a soft­
ware programmable level (1 to 7). 

• Three 8 bit timers with an 8 bit prescaler also 
supporting interrupts to the 68020 CPU on a 
software programmable level (1 to 7). 

• One 8 bit timer with an 8 bit prescaler used as a 
watchdog timer to force a SYSFAIL to the VME­
bus (software selectable). 

• BERR handling fully under software control via 
different counters for local, VMEbus and sec­
ondary bus accesses. 

• Full 32 bit VMEbus master interface supporting 
the following data transfer types: 

A32,A24,A16:D8,D16,D32 
UAT, RMWand address only cycles. 

• Full 32 bit VMEbus slave interface to the Dual 
Ported RAM supporting the following data 
transfer types: 

A32, A24 : D8, D16, D32 
UAT, and address only cycles 

• Single level bus arbiter 
• SYSCLK driver 
• VMEbus Interrupt Handler (IH 1 to 7 dynamic) 
• Two independent Message Broadcast FIFOs 

for simultaneous access of up to 20 CPU boards 
installed in one RACK. 

• 16 software programmable location monitors 
supporting 16 different interrupt vectors on indi­
vidual software programmable levels (1 to 7). 

• Support for ACFAIL and SYSFAIL via software 
programmable IRQ-levels. 

• Timeout counter (3 seconds), if the board does 
not receive VMEbus mastership. Software se­
lectable in parallel to the standard bus error 
counters. 

• VMXbus interface supporting 8, 16 and 32 bit 
data transfers. 

• VMEPROM the real time monitor with file man­
ager and Real Time Kernel (PDOS compatible) is 
installed on each board version. 

3. Hardware Description 

3.1 The 68020 CPU 

The 68020 with its 32 bit address and data paths is 
installed on the SYS68K/CPU-22 board. 
The CPU includes a 256 byte instruction cache 
which significantly reduces the number of bus cyc­
les needed for program fetches. A CACHE swit?h 
on the front panel allows the user to enable or ~IS­
able the on-chip cache for software debugging 
purposes. 
To achieve maximum performance, the 68020 CPU 
accesses the Dual Ported Memory constantly with­
out the insertion of wait states. 
Communication with the local I/O interfaces, local 
SRAM, and the VMEbus interface is provided 
through the specially designed 280 pin Gate Array. 
The EPROM area, the Floating Point Coprocessor, 
the Dual Ported RAM and the VMXbus interface are 
directly connected to the CPU data and address 
bus interface (as shown in the block diagram of the 
SYS68K/CPU-22). 
The clock frequency of the CPU is 16.7 or 20.0 
MHz. This offers, in combination with the Dual Por­
ted RAM, a real computing rate of 2-4 MIPs. 

3.2 The Floating Point Coprocessor 
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The SYS68K/CPU-22 is fitted with the enhanced 
68882 Floating Point Coprocessor (FPCP). The 
clock frequency of the CPU and the FPCP is identi­
cal. The FPCP conforms to the IEEE Floating Point 
standard 754 (draft 10.0). 
Easy floating point operation con~rol to the copro­
cessor is provided because the Intercommunica­
tion between the CPU and the FPCP is built in sili­
con. 
An internal register set inside the FPCP of 8 gen~ral 
purpose registers (80 bit wide) yields fast execution 
times. 



Features of the FPCP 

• 8 general purpose registers (80 bit, 64 bit Man-
tissa, 15 bit exponent and one sign bit) 

• 67 bit on-chip ALU 
• 67 bit barrel shifter 
• 46 instruction types including 35 arithmetic 

operations 
• IEEE 754 standard (draft 10.0) 
• Full support of trigonometrical and logarithmic 

functions such as: 
SINE and COSINE 
TANGENT and COTANGENT 
Hyperbolic functions (TANGENT, 
ARC TANGENT, SINE and COSINE) 
Logarithmic functions (4) 
Square root and exponential functions (4) 

• The 68882 is fully software compatible to the 
68881 FPCP 

BLOCK DIAGRAM OF THE S-DPR 

CPU ADDRESS SIGNALS 
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3.3 The Dual Ported RAM 

The SYS68K1CPU-22 contains a Supreme Dual 
Ported static RAM design called S-DPR, which 
constantly supports zero wait state accesses of the 
local CPU. All accesses of the 68020 CPU to the S­
DPR are immediately serviced while the VMEbus 
accesses are forced to the S-DPR between the 
68020 access cycles. 
This technique allows the SYS68K1CPU-22 to 
guarantee a constant run time of all programs re­
gardless of whether an access to the S-DPR from 
another VMEbus board is forced or not. 
The bandwidth of the S-DPR for the local CPU is 25 
Mbyte/sec plus 15 Mbyte/sec for the VMEbus. This 
results in a total S-DPR bandwidth of 40 Mbyte/ 
sec. 
A detailed block diagram of the S-DPR control 
mechanism and a global timing diagram are out­
lined below. 
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TIMING DIAGRAM OF THE S-DPR 

CLKCPU 
{ZOMHz} 

AS(PU 

10 II 12 13 14 II 10 51 12 13 14 II 10 

DSACKO/1CPUU-------L _______ I-----L ____ ~ 

A«ess Cycle VME Access 
S-DPR '-_____ ._-L ___ ~_L ________ _L ____ -.L ____ __' 

DSVME 

! DTACK VME 

A key advantage of the S-DPR technology is that 
the SYS68K1CPU-22 can be used in critical real­
time applications without loosing the real-time ca­
pabilities through external accesses to the S-DPR. 
Alternative technologies such as the dual gated 
mechanism (the CPU is halted during the VMEbus 
accesses), or the dual buffered function (alternative 
access to the DPR while one requester is waiting 
until the RAM is unused) cannot guarantee con­
stant zero wait state operation. In non - S-DPR 
configurations the CPU normally waits or is halted 
during a VMEbus access cycle which results in a 
decreased CPU throughput. 
The SYS68K1CPU-22 indeed combines the highest 
possible throughput (zero wait state accesses) with 
the Dual Ported RAM structure without decreasing 
performance at a CPU clock frequency of 16.7 or 
20.0 MHz. 
The memory capacity is 256 Kbyte, or 1 Mbyte de­
pending on the board version. 

Increasing the memory capacity from 256K to 
1 Mbyte is possible by exchanging the SYS68K1 
SMDP-05 memory module with a SYS68K1SMDP-
06 module. The SYS68K1SMDP-06 board holds 
1 Mbyte RAM. The SMDP-06 board has the same 
dimensions as the SMDP-05 and can easily be in­
stalled. 
Underneath the SYS68K1SMDP-05/06 boards only 
passive components such as resistors and capac­
itors are installed to guarantee correct operation 
for an ambient temperature range of 0 to +50 de­
greesC. 
The access address of the S-DPR is fully software 
programmable through the installed Gate Array 
within the 4Gbyte address range. 
Address and address modifier decoding for the 
VMEbus accesses is software programmable 
through the Gate Array. Three independent areas, 
in 4 Kbyte increments, can be defined by the on­
board CPU. 
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Each of the three independent memory areas for­
ces a data transfer cycle to the S-DPR under the 
software programmed address range where the S­
DPR resides. In addition, each of the three S-DPR 
address ranges can be read and write protected 
under software control during run time. 

3.4 The Local SRAM 

A 32 Kbyte static RAM is installed on all SYS68K1 
CPU-22 board versions and supports data storage 
during power down phases for up to 1 year. The 
SRAM is directly connected to the FORCE Gate 
Array I/O interface. Long, word and byte transfers 
are automatically controlled via the Gate Array. 
Normal read and write operations to the single 32K 
x 8 SRAM are allowed ifthe power is within the spe­
cification detected by a separate power sensor. 
Higher organized devices compatible to the JE­
DEC standard (i.e. 128K x 8 devices) can be instal­
led in the 32 pin socket. 

3.5 The EPROM Areas 

3.5.1 The USER EPROMs 

The SYS68K1CPU-22 contains four user EPROM 
sockets supporting four 28 or 32 pin EPROM de­
vices. Maximum data throughput to the 68020 
CPU is provided through the fast decoding logic 
and separate data transceivers supporting one 
wait state operation if 100 ns devices are installed. 
The following table lists the supported device types 
and the memory capacity. 

Supported Device Types in the User EPROM 
Area: 

Device Total Memory 
Type Pins Organization Capacity 

2764 28 8Kx8 32 Kbyte 
27128 28 16Kx8 64 Kbyte 
27256 28 32Kx8 128 Kbyte 
27512 28 64Kx8 256 Kbyte 

271024 32 128Kx8 512 Kbyte 
TBD 32 256Kx8 1 Mbyte 
TBD 32 512Kx8 2 Mbyte 
TBD 32 1Mx8 4 Mbyte 

3.5.2 The SYSTEM EPROM 

The SYS68K1CPU-22 board contains in addition to 
the four user EPROMs a single system EPROM to 
boot the local CPU, initialize all I/O devices and 
program the board dependent functions of the 
Gate Array FGA-002. All the presetting and initiali­
zation of the I/O devices are made through the Sys­
tem EPROM to ease the adaptation of the complex 
board functions to the application needs. 

3.6 The DMA Controller 

A high speed DMA Controller is installed on the 
SYS68K1CPU-22 and features a data transfer 
speed of up to 30 Mbyte/s. 
This throughput is the effective transfer speed 
which assumes zero wait state accesses by trans­
ferring 32 bit of data. 
The SYS68K1CPU-22 allows the transfer of data 
between memory (2 different memory areas) and 
between VMXbusNMEbus memory and the S­
DPR, as listed below. 
Possible Data Transfers for the DMA Controller 

Area 1 Area 2 CPU operation Note 

VMEbus .-t VMEbus 100% -
VMEbus .-t S-DPR 60- 40% 1 
VMXbus .-t VMXbus 0% -
VMXbus '-t S-DPR 60- 40% 1 
VMXbus .-. VMEbus 60- 40% 1 
S-DPR .-t S-DPR 0% -

Note1: Dependent on the speed of the addressed 
boards 

The center row lists the time (percentage wise) in 
which the local CPU is operable and able to access 
the local I/O devices, EPROM areas and the S-DPR 
while the DMA Controller transfers data. Only if th~ 
local CPU wants to access the VMXbus orthe VME­
bus does the CPU have to wait until the DMA Con­
troller has finished the maximum 8 data transfers 
from its FIFO. 
This allows a program to be run while loading new 
data into the S-DPR or writing processed data to 
global RAM or I/O controller boards. 
This feature significantly increases data throughput 
and functionality because the local CPU maintains 
the real-time capabilities by being interruptable 
during DMA transfers. 
To increase the data throughput and maintain multi­
processor functionality, the DMA Controller oper­
ates in burst mode by using its 32 byte FIFO for in­
ternal data storage. The read and write operations 
are executed in 8 cycles fetching 4 bytes at a time 
which result into 8 read cycles followed by 8 write 
cycles. The DMA Controller supports the transfer of 
data on unaligned addresses, as an internal control 
mechanism is installed to align the data transfers to 
32 bit accesses if possible. 
This technology allows to transfer data between the 
S-DPR and the VMEbus by first collecting the data 
from the VMXbusNMEbus, giving up bus master­
ship and then transferring the data to the S-DPR. A 
second VMXbusNM Ebus board is allowed to trans­
fer data on the VMXbusNMEbus while the DMA 
Controller transfers the stored data to the S-DPR. 
The bus release functions of the VMEbus master­
ship of the DMA Controller is software program­
mable. 
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The DMA Controller is installed inside the 280 pin 
Gate Array supporting 32 data and address sig­
nals. All addressing modes of the VMEbus are fully 
software programmable (AM-Codes) for the source 
and destination address. 
The data transfer speed between the S-DPR and 
the VMXbusNMEbus depends on the access time 
of the addressed VMXbusNMEbus module. 
The following register set shows the structure of 
the DMA Controller in more detail. 

Register Set of the DMA Controller 

8 

8 

8 

8 

32 

32 

32 

DMA Interrupt Control 
Registers. Normal Termination. 

DMA Interrupt Control 
Registers. ERROR Termination. 

DMA General Control 
Register. 

DMA Mode Control Register. 

DMA Destination Attributes 
and AM-Code. 

DMA Source Attributes and 
AM-Code. 

Source Address Register. 

Destination Address Register. 

Transfer Count Register. 

3.7 The Local 110 Devices 

The Gate Array installed on the SYS68K1CPU-22 
includes an 8 bit local I/O bus interface. 
The Real Time Clock, the serial I/O controller and 
the port read/write functions are directly connec­
ted to this I/O interface. 

3.7.1 The Serial 110 Interfaces 

A Dual Universal Serial Communication Controller 
(DUSCC 68562) is installed on the SYS68K1CPU-
22 to communicate via two serial interfaces to ter­
minals, printers, computers or other equipment. 

Features of the DUSCC 

• Dual full-duplex synchronous/asynchronous 
receiver and transmitter 

• Multi-protocol operation consisting of: 
BOP: HDLC/ADCCP, SDLC, SDLC Loop, 

X.25 or X.75 link level 
COP: BISYNC, DDCMP, X.21 
ASYNC: 5-8 bit plus optional parity 
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• Programmable data encoding formats: 
NRZ, NRZI, FMO, FM1 ,Manchester 

• 4 character receiver and transmitter FIFOs 
• Individual programmable baud rate for each 

receiver and transmitter 
• Digital phase locked loop 
• User programmable counter/timer 
• Programmable channel modes full/half duplex, 

auto echo, localloopback 
• Modem control signals for each channel: 

RTS, CTS, DCD 
• CTS and DCD programmable auto enables for 

Receiver (RX) and Transmitter (TX) 
• Programmable interrupt on change of CTS or 

DCD 

The I/O signal assignment of each of the two chan­
nels is listed in the following table: 

Sig- In- Out- gPinDSUB 
nal put put Connector Description 

DCD x 1 Data Carrier Detect 
RXD x 2 Receive Data 
TXD x 3 Transmit Data 
DTR x 4 Data Terminal Ready 
GND 5 SignalGND 
DSR x x 6 Data Set Ready 
RTS x 7 Requestto Send 
CTS x 8 Clear to Send 
- - - 9 Not Connected 

The first channel is assigned to connect a terminal 
via the RS232 compatible interface. 
The second channel can be configured to work as 
a RS232 or as a RS422 compatible interface. R/C 
components can be installed to adapt to various 
cable lengths and reduce reflections if the RS422 
compatible interface is selected. 
The DUSCC is able to interrupt the local CPU on a 
software programmable IRQ-level (1-7) by supply­
ing its own software programmable IRQ vectors 
(6 in total) to the local CPU. 

3.7.2 The Real Time Clock 

A software programmable Real Time Clock (RTC-
62421) with on-board battery backup is installed 
on the SYS68K1CPU-22 boards. The features of 
the Real Time Clock are listed below. 

Features of the Real Time Clock 

• Time of day and date counter included (year, 
month, week, day) 

• Built-in quartz oscillator 
• 12hr/24hr clock switchover 
• Automatic leap year setting 
• Interrupt masking 
• C-MOS design provides low power consump­

tion during power down mode. 
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The Real Time Clock is able to interrupt the local 
CPU on a software programmable level (1 to 7). 

3.7.3 The Input/Output Register 

A total of three input and one 8 bit output port is 
available on the SYS68KJCPU-22. 
The first 8 bit input port is connected to the two 4 bit 
HEX rotary switches available on the front panel for 
configuration purposes. 
The second 8 bit input port allows the jumper set­
tings to be read (1 or 0) on a jumperfield installed on 
the PCB. This jumperfield can be used to define the 
slot number or to define application dependent 
pre-settings. 
The third 8 bit input port allows the memory capac­
ity of the S-OPR to be read. Each SYS68KJSMOP 
board has three readable status bits describing the 
memory capacity. In addition, the CPU board type 
can be read via the remaining 5 bits. 
Four LEOs are controlled via the 8 bit output port. 
The remaining 4 bits are used for board specific 
control functions. 

3.7.4 The Timers 

A total of 6 independent timers are available for the 
user. These ti.mers offer maximum flexibility be­
cause each timer can be used to force an interrupt 
to the CPU on a software programmable IRQ-level. 
The first two timers each provide a 24 bit timer with 
an individ~al5 bit prescaler. 
The next three timers are 8 bit wide and include an 
8 bit prescaler. 
The sixth timer is used to generate the SYSFAIL sig­
nal to the VMEbus. SYSFAIL can be used in multi­
processor systems to signal that one board has 
detected a failure. This 6th timer is used as a watch­
dog timer which needs to be triggered after a soft­
ware programmed time before signalling SYSFAIL. 
All installed timers can be used as a watchdog timer 
or can generate interrupts on a periodical basis. 

4. The VMEbus Interface 

The SYS68KJCPU-22 includes a full 32 bit VMEbus 
interface, thereby taking full advantage of the VME­
bus specification. 
The address modifier codes for A 16, A24 and A32 
addressing are fully supported in master and slave 
mode. 
In slave mode the Gate Array decodes the AM­
codes and the address signals of the VMEbus and 
signals the on-board control logic if one of the three 
independent decoding ranges are addressed cor­
rectly and if the ac~ess cycle has to be executed 
(read/write protection). 
The Gate Array forces the access cycle to the S­
OPR and controls/adapts the data flow (8, 16,24 or 
32 bit of data) C1utomatically. 

The following data transfer types are supported in 
master and slave mode: 

Transfer Type 031-024 023-016 015-08 07-00 

x Byte x 

Word x x 

Long Word x x x x 

Unaligned x x x 
Transfers x x 

x x x 

Read Modify x 
Write' x x 

x X X X 

, Read modify write cycles are split into separate 
read and write cycles only in the slave mode while 
multiprocessor synchronization is provided via 
the Gate Array. 

The access times to access the S-OPR from the 
VMEbus are listed in the following table: 

Access Times Min Type Max 

Read 120ns 215ns 330ns 
Write 110 ns 195ns 310ns 

The SYS68KJCPU-22 includes a OMA Controller 
supporting high speed data transfer through the 
on-board Gate Array. OMA transfers can be perfor­
med between the S-OPR and VMEbus memory 
while the 68020 CPU is operating. 
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The SYS68KJCPU-22 includes the following bus 
arbitration modes: 

RWO Release when done 
ROR Release on request 
ROBCLR Release on Bus Clear 
RAT Release after Timeout 

In addition, the board is able to request bus mas­
tership if no other board requests bus mastership 
(Request on No Request-RNR). 
Each of the listed modes is software programmable 
inside the Gate Array. The bus request level of the 
SYS68KJCPU-22 is jumper selectable (BRO-3). A 
single level arbiter, a power monitor, a SYSRESET 
generator and support for ACFAIL and SYSFAIL 
complete the VMEbus interface. 
The installed location monitor and the Message 
Passing on VME are briefly described in the next 
two sections. 



5. The Location Monitors 

The SYS68K1CPU-22 includes 16 location moni­
tors. Each of these location monitors allows an in­
terrupt to be forced to the local 68020 CPU. The in­
terrupt level of each location monitor is software 
programmable and an individual interrupt vector 
for each location monitor is forced to the CPU. 
This function allows the triggering of multiple CPU 
boards via one master by only fetching an interrupt 
vector on the local bus and leaving the VMEbus 
free for data transfers. 
In addition, the location monitor bits can be used 
to synchronize multiple CPUs via standard read 
cycles by internally forcing a read-modify-write 
cycle. This allows various CPUs on the VMEbus to 
be synchronized (for example a 68020 and a 80386 
CPU-board). 

6. The Message Broadcast 

The SYS68K1CPU-22 board provides two fully in­
dependent unique Message Broadcast functions 
which are implemented within the Gate Array. 
The FORCE Message Broadcast (FMB) allows the 
simultaneous addressing and interrupting of all 
CPU boards installed in a VMEbus environment. It 
stores a 8 bit message in a 8 stage deep FIFO. 
The Message Broadcast complies fully to the VME­
bus specification and minimizes the time overhead 
required to interrupt all installed CPU boards in a 
system. 
If, for example, 16 boards are installed in a system 
without FMB, the minimum time required to inter­
rupt all of them is 16 times an access cycle to each 
of their location monitors. If no location monitors 
are available then the IRQ signals of the VMEbus 
have to be used. This results in a maximum number 
of 7 boards to be synchronized (7 VMEbus IRQ 
levels). The time required to interrupt all of them is 
enormous because each board has to request bus 
mastership and initiate an interrupt acknowledge 
cycle. This results in a big timing gap between the 
different CPU boards being interrupted. 
The FMB allows each of the maximum 21 defined 
boards in the system to be addressed and to in­
terrupt one, some or all of them, sending the ad­
dressed boards an 8 bit message. 
The FMB therefore allows any board(s) to be trig­
gered at the same time by fetching the interrupt 
vector on the local bus leaving the VMEbus free for 
activities of other bus masters. 
Each participant of the FMB stores the single byte 
message in its 8 byte deep FIFO (inside the Gate 
Array) and at the same time interrupts their local 
CPU on a software programmable level (1 to 7). 
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Each of the two, fully independent FIFOs is de­
signed to allow as many as 8 messages to be sent 
to multiple participants within a short time frame. 
The messages can be read from the local CPU after 
the interrupt has been acknowledged. 
The FMB byte is user defined to allow maximum 
flexibility and to adapt the various requirements to 
the user needs. 
The most important feature of the FMB is that any 
32 bit VMEbus based CPU available on the market 
can send this message byte to a FORCE board 
supporting the FMB function. 
No special motherboard or extended address 
modifier capabilities are needed because only the 
defined signals, timings and data transfer types are 
used to perform the FMB. 
Each master can define the board(s) which have to 
receive the FMB byte on an individual base. The 
hardware inside the Gate Array decodes the infor­
mation from the used address and performs the 
cycle. 
The data transfer of the FMB is completed in less 
than 330 ns for all CPU boards which results into a 
maximum data bandwidth (theoretical) of 20 x 
3 Mbyte/s = 60 Mbyte/s. 
A patent on the FMB is pending. 
The FORCE Message Broadcast is described in 
detail in the SYS68K1FMB Data Sheet while the 
general block diagram is shown below. 
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BLOCK DIAGRAM OF THE FORCE MESSAGE BROADCAST 

RAM 110 110 

7. The Interrupt Structure 

The Gate Array installed on the SYS68K/CPU-22 
handles all the local, VMEbus and secondary bus 
interrupts. Each interrupt request from the local 
bus through the DUSCC, RTC and the two timers, 
as well as the Gate Array specific interrupt re­
quests, are combined with the 7 VMEbus interrupt 
requests. 
Each IRQ source including the 7 VMEbus IRQs can 
be programmed to interrupt the CPU on an individ­
ual programmable level (1 to 7). 
The Gate Array supports the vector, or initiates an 
interrupt vector fetch from the local I/O devices or 
from the VMEbus. 
In addition to the local interrupts, the ACFAIL and 
SYSFAIL signals can be used to interrupt the CPU 
on a software programmable level. 
This results in a total of 40 individual I RQs handled 
through the Gate Array on the SYS68K/CPU-22 
board. -
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The Gate Array supplied interrupt vectors have a 
basic vector and fixed increments for each source. 
The basic vector is software programmable. 

8. The VMXbus Interface 

A VMXbus primary master interface is installed on 
each SYS68K/CPU-22 version. 
Maximum data throughput is provided on the 
VMXbus interface by supporting 32 bit of data in 
the 16 Mbyte address range. The VMXbus address 
range is decoded out of the 4 Gbyte address space 
of the 68020. 
The following data transfer types are supported: 

A24: D8, D16, D32 
Unaligned Transfers 
Address Only Cycles 
Read Modify Write Transfers 



9. The Memory Map 
The memory map of the SYS68K1CPU-22 is listed 
in the following table: 

Start End Type Address Address 

00000000 OOOFFFFF Dual Ported Memory 
(1 Mbyte) 

00100000 F9FFFFFF VM Ebus Addresses 
A32:D32,D24,D16,D8 

FAOOOOOO FAFFFFFF Message Broadcast Area 
(Slave and Master Mode) 

FBOOOOOO FBFEFFFF VMEbus 
A24:D32,D24,D16,D8 

FBFFOOOO FBFFFFFF VMEbus 
A16:D32,D24,D16,D8 

FCOOOOOO FCFEFFFF VMEbus 
A24: D16,D8 

FCFFOOOO FCFFFFFF VMEbus 
A16: D16, D8 

FDOOOOOO FDFFFFFF VMXbus 
A24:D32,D24,D16,D8 

FEOOOOOO FEFFFFFF VMXbus 
A24:D16,D8 

Start End Capac- Type 
Address Address ity 

FFOOOOOO FF7FFFFF 8 Mbyte USER-EPROM 

FF800000 FFBFFFFF 1 Mbyte Local 1/0 

FFCOOOOO FFCFFFFF 1 Mbyte LOCALSRAM 

FFDOOOOO FFDFFFFF 1 Mbyte Registers of 
FGA-002 

FFEOOOOO FFEFFFFF 1 Mbyte SYSTEM 
EPROM 

FFFOOOOO FFFFFFFF 1 Mbyte Reserved 

10. The VMEPROM 

10.1. General Description 

VMEPROM is an EPROM based real time monitor. 
The complete package resides in 128 Kbyte of 
EPROM and uses a minimum of 32 Kbyte of RAM. 
VMEPROM is composed of the powerful PDOS 
Real Time Kernel and the PDOS file manager. Thus 
the package provides support of a highly sophisti­
cated Real Time Kernel and an interface to floppy 
and hard disk drives. 
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The user interface contains more than 50 com­
mands perfectly suited for program debugging, 
host computer communications, as well as task­
and file management. In addition, it includes a 
powerful line assembler and disassembler for the 
68020 and the 68882. 

VMEPROM features: 

• Real Time Multitasking Kernel supporting up to 
64 tasks. 

• File management support for sequential, ran­
dom and shared files. Up to 64 files may be 
opened at the same time. 

• Line assembler/disassembler with full support 
of all 68020/68882 instructions. ' 

• Over 20 commands for program debugging, in­
cluding breakpoints, tracing, processor register 
display and modify. 

• S-record up/downloading from any port defined 
in the system. 

• Disk support for RAM-disk, floppy and Winche­
ster disks. Either a SYS68K1WFC-1 or a 
SYS68K1ISCSI-1 mass memory controller may 
be used. VMEPROM also allows disk formatting 
and initialization. 

• Serial 110 support for up to two S10-2 or ISI0-1/2 
boards in the system. 

• EPROM programming utility using the SYS68K1 
RR-2/3 boards. 

• Full screen editor. 
• I/O redirection to files or ports from the com­

mand line. 
• Over 100 system calls to the kernel are sup­

ported. 

10.2. Description of the User Interface of 
VMEPROM 

The user interface of VMEPROM allows I/O redirec­
tion to files or to any port defined within the system. 
Multiple command lines may be entered on a single 
command line. The user console input is interrupt 
driven and allows type-ahead. Over 60 commands 
are built into the VMEPROM user interface and are 
directly accessible without destroying memory. 
The command set covers functions such as pro­
gram execution, breakpoints, tracing and a power­
ful line assembler/disassembler. Also resident are 
file system functions such as append, delete, copy, 
rename and show file. These are applicable for 
RAM disk, floppy or hard disk. The task manage­
ment functions cover create task, kill task, alter 
task priority and list tasks. 
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10.3. Description of the Kernel Functions 

The kernel of VMEPROM is written in 68020 as­
sembly language for fast and efficient execution. It 
provides multitasking, system clock, event proces­
sing and memory management. Ready tasks are 
scheduled with a prioritized round-robin method. 
Up to 64 tasks may be defined simultaneously. 
Semaphores and events provide a low overhead 
facility for one task to signal another. Messages 
and mailboxes are used in conjunction with task 
lock, unlock, suspend and event primitives. 

10.4. Description of the File Manager Functions 

The file manager module provides sequential, ran­
dom, read only and shared access to named files 
on RAM disk, floppy or hard disk. New files are 
automatically defined contiguously to improve 
access speed. 

VMEPROM 

10.5. Supported VMEbus Hardware 

Upon power up, VMEPROM checks the VMEbus 
for the availability of several controller boards. 
Supported are up to two serial 110 boards, and one 
disk controller. 
In addition, EPROM programming is supported by 
VMEPROM utilizing the SYS68K1RR-2/3 board 
family. 
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10.6. Target System Support 

VMEPROM can easily be used in target systems. 
For these systems, the application program can be 
put into EPROM with or without the user interface. 
The application programs can be started either by 
a command line or directly after reset without user 
input. 
The minimum EPROM space required by the VME­
PROM kernel and file rnanager is about 40 Kbyte. 
Small romable applications can be put in EPROMS 
easily without the overhead of the user interface. 

10.7. Development Systems 

Currently either one of the FORCE PDOS* or UNIX* 
System V development stations may be used for 
software development for VMEPROM. 
Compilers, assemblers, and libraries are available 
together with utilities for program downloading. 
These tools are well suited to help in program de­
velopment and debugging. 
The support of VMEPROM through other develop­
ment systems like the IBM-AT or the VAX is under 
development. These cross-software development 
packages will include C-compiler, assemblers for 
the 68020 and libraries to generate code to run 
under control of VMEPROM. 

10.8. Licensing 

No license is requiredforVMEPROM. VMEPROM is 
delivered free of charge with every CPU-22 board. 
For more detailed information please refer to the 
SYS68KIVMEPROM Data Sheet. 

SYS68K/CPU-22 
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Specification 

Function 

68020 CPU Clock Frequency on: 
CPU-22 16.7MHz 
CPU-22N-22XA 20.0MHz 

68882 FPCP Clock Frequency on: 
CPU-22 16.7MHz 
CPU-22N-22XA 20.0MHz 

OMA Controller: CPU-22 16.7MHz 
CPU-22N-22XA 20.0MHz 

Internal FIFO 32 byte 
Max. Data TransferThroughput 30 Mbyte/s 

S-OPRType SRAM 
S-OPRCapacity: CPU-22/-22A 256 Kbyte 

CPU-22XA 1 Mbyte 
No. of Wait States for all CPU and OMA Access Cycles 0 

SRAM Capacity 32 Kbyte 
On-Board Battery Backup yes 

No. of EPROM Sockets 4 
Data Paths 32 bit 
Max. Capacity 4 Mbyte 
No. of Wait States (min/max) 1/6 

Serial I/O Interlaces (total) 2 
Used Controller 68562 

RS232 compatible 1 
RS232/RS422 compatible 1 

Real Time Clock (Type) 62421 
On-Board Battery Backup yes 

VMEbus Interface 
Master: A32,A24,A16:08, 016, 032, 0(0), UAT yes 
Slave: A32, A24, A 16:08,016,032,0(0), UAT yes 

Software programmable Access Address and Address Modifier Code yes 
No. of different Areas for S-OPR Accesses 3 
S-OPR Read Access Time (typ) 215ns 

Write Access Time (typ) -- 195ns 
Single Level Bus Arbiter yes 
SYSCLK Driver yes 
16 Location Monitors yes 

FORCE Message Broadcast 
FMB-FIF01 8 byte 
FMB-FIF02 8 byte 

VMEbus Interrupt Handler 1 to 7 
Local Bus Interrupt Handler 1 t07 
All Sources can be routed to a Software programmable IRQ Level yes 
Total Number of IRQ Sources 40 
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Specification (cont'd) 

Function 

Timers 
24 bit with 5 bit Prescaler 2 

8 bit with 8 bit Prescaler 3 
8 bit with 8 bit Prescaler (Watchdog Timer for SYSFAIL) 1 

VMXbus Primary Master Interface 
A24: 08, 016, 032, 0(0), UAT, RMW yes 

Interrupt Handler yes 

RESET, TEST, RUN and CACHE Switch yes 

VMEPROM Firmware on all Board Versions 128 Kbyte 

Power Requirements 
+ 5Vmin/max 4.3/5.9A 
+12Vmin/max 0.1/0.2A 
-12Vmin/max 0.1/0.2A 

Operating Temperature (OegreesC) Ot050 
Storage Temperature (OegreesC) -40 to 85 
Relative Humidity (non-condensing in %) Ot095 

Board Oimensions (mm) 234x 160 
(in) 9.2x6.3 

No. of Slots used 1 
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Ordering Information 

SYS68K1CPU-22 
Part No.1 011 00 

SYS68K1CPU-22A 
Part No.1 011 01 

SYS68K1CPU-22XA 
Part No.1 011 02 

SYS68K1SMDP-06 
Part No.1 011 04 

SYS68KNMEPROM/UM 
Part. No. 800140 

SYS68K1CPU-22/UM 
Part No. 800138 

16.7 MHz 68020 based CPU board with 68882 FPCP, 
DMAC, 256 Kbyte S-DPR capacity, VMXbus interface and 
VMEPROM. Documentation included. 

20.0 MHz 68020 based CPU board with 68882 FPCP, 
DMAC, 256 Kbyte S-DPR capacity, VMXbus interface and 
VMEPROM. Documentation included. 

20.0 MHz 68020 based CPU board with 68882 FPCP, 
DMAC,1 Mbyte S-DPR capacity, VMXbus interface and 
VMEPROM. Documentation included. 

1 Mbyte static RAM board replacing the 256 Kbyte 
SMDP-05 board installed on the CPU-22 and CPU-22A. 

VMEPROM User's Manual 

User's Manual forthe SYS68K1CPU-22 products, 
including VMEPROM User's Manual. 

Note: SYS68K1CPU-22 board versions without the 68882 FPCP are available upon special request. 
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System 68000 VME 
SYS68K/CPU·25 
680iO CPU Board with Memory 
Management 

• 68851 Page MMU 
• Up to 4 Mbyte static RAM 
• 68881 Floating Point Coprocessor 
• Serial II 0 Interfaces 
• UNIX V available 
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General Description 

The SYS68KJCPU-25 is a high speed CPU board 
with memory management built around the 32 bit 
68020 CPU. The board contains a VMEbus/IEEE 
1014 compatible bus interface and offers 512 
Kbyte of static RAM accessible through the Paged 
Memory Management Unit (PMMU 68851) with 
only one wait state. 
CPU-25 features in addition a Floating Point Co­
Processor (FPCP 68881) for complex arithmetic 
floating point operations. 

BLOCK DIAGRAM OF THE SYS68K/CPU-25 

SYS68K/CPU-25 

The clock frequency of the CPU, PMMU and FPCP 
is always 16.7MHz. 
Two serial I/O interfaces, a timer, a static RAM 
(32Kbyte) for vector storage for the powerful moni­
tor firmware FORCEbug and 64Kbyte of EPROM 
space complete the board. 
A photo of the SYS68KJCPU-25 is shown on the 
left page while the block diagram is shown below. 
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Features of the SYS68K/CPU-25 

- 68020 CPU (16.7MHz) 
- 68851 PMMU (16.7MHz) 
- 68881 FPCP (16.7MHz) 
- 512Kbytestatic RAM -1 Wait State via the FLME 

interface 
- 68561 MPCC serial I/O interface (RS232 com­

patible) 
- 68561 MPCC serial I/O interface (RS232 and 

RS422 compatible) 
- 68230 PlfT for local control 
- 68153 BIM for local interrupt management 
- Fully buffered local address, data and control 

bus 
- 64Kbyte of EPROM space (27512) 
- 32Kbyte of SRAM space (62256) independent 

from the FLME memory 
- VMEbus/IEEE 1014 standard interface supporting 

Read-Modify-Write and unaligned transfers 
- RUN/HALT, RESET, ABORT and CACHE swit­

ches 
- 12 LEOs for status monitoring 
- 68020 Monitor with Macro facility and single line 

assembler and disassembler 
- The SYS68K/CPU-25 is fully soft- and hardware 

compatible to the SYS68K/CPU-21 

1.0 Hardware Description 

1.1 The 68020 CPU 
The 68020 CPU with its 32 address and data lines 
is implemented on the SYS68K/CPU-25. An on­
chip cache with 256 byte capacity reduces the 
number of bus cycles to be executed. 
The real computing rate ranges from 1.5 to 3 MIPS 
depending on the used instructions. 
Additional instructions on the 68020 compared to 
the 68010 such as string manipulations, extended 
branches over the whole 4Gbyte addressing space 
offers at minimum two times the performance of 
68010CPU. 

1.2 The 68851 PMMU 
The logical to physical address translation is pro­
vided via the on-board PMMU supporting 4Gbyte 
of physical memory. Address translation is com­
pleted in one clock period which is equivalent to 60 
ns at 16.7MHz clock frequency. The on-chip 64 
entry address translation cache allows to build fully 
virtual systems in conjunction with the table search 
mechanism. 
Hierarchical protection mechanism and Breakpoint 
support complete the PMMU. 

1.3 The 68881 FPCP 
The SYS68K/CPU-25 includes a 16.7MHz Floating 
Point Co-Processor. The FPCP conforms to the 
IEEE 754 standard and includes 8 general purpose 

registers (80 bit, 64 bit Mantissa, 15 bit Exponent 
and 1 sign bit). The 46 instruction types including 
trigonometrical and logarithmic functions such as 
sine, cosine, tangent, cotangent, hyperbolic func­
tions, square root and exponential functions allow 
effective code development with standard com­
mands. 

1.4 The Serial 110 Interfaces 
The SYS68K/CPU-25 contains two serial I/O inter­
faces built with 68561 Multi Protocol Communica­
tion Controllers supporting character oriented pro­
tocols such as BSC, OOCMP, X3.28, X.21 and 
ECMA 16, synchronous bit oriented protocols 
(SOLC, HOLC, X.25) and other special protocols. 
CRC check, the baud/bit rate as well as the hard­
ware handshake are software selectable. On the 
main board, a RS232 compatible interface avail­
able on the front panel via a 25 pin female O-sub 
connector is installed. The slave board offers a 
RS232 and RS 422 compatible interface also avail­
able via a 25 pin O-sub connector. 
Each MPCC contains an 8 character receiver and 
transmitter buffer register to effectively support 
real time and non-real time system architectures. 

1.5 The Local Control Device 
A Parallel Interface and Timer chip (PlfT 68230) 
with 8MHz clock frequency is installed on the board 
to provide the local timer function as well as local 
control. 
Eight OIP switches available on the front panel are 
readable via the PlfT to provide user defined pro­
cess manipulations or presettings in the applica­
tion program. 
All interrupt levels of the CPU (IRQ 1 to 7) can be 
separately enabled or disabled via the PlfT. 
The local 24 bit timer with its 5 bit prescaler can be 
used for time measurements or as the time base for 
the operating system. 

1.6 The Local Interrupt Handler 
A Bus Interrupter Module (BIM 68153) is installed 
on the board to provide a software programmable 
interrupt level and interrupt vector for each of the 
on-board interrupt sources. 

1.7 The EPROM Area 
A single boot EPROM is installed on the SYS68K/ 
CPU-25 providing 64Kbyte of EPROM space by 
using a 27512 device. 
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1.8 The SRAM Area 
For vector storage a static RAM with a capacity of 
32Kbyte is installed on the board. FORCEbug, the 
macro Monitor, installed in the 27512 EPROM uses 
the SRAM for vector storage and for its temporary 
buffers. 



1.9 The Local Main Memory 
The SYS68K1CPU-25 contains a high speed static 
memory which operates 32 bit wide with only one 
wait state including PMMU logical to physical ad­
dress translation. 
The fully buffered local memory expansion inter­
face is installed in the middle of the board via a 3rd 
96 pin DIN connector to leave the P2 connector 
free for I/O expansion. 
The memory capacity is 512Kbyte for the SYS68K1 
CPU-25 and 2 Mbyte for the SYS68K1CPU-25Y 
versions. 
Memory expansion is provided by using the 
SYS68K1SRAM-22/22Y boards offering 512 Kbyte 
or 2 Mbyte additional capacity to the SYS68K1 
CPU-25 or CPU-25Y, 
An additional RS232/422 compatible I/O interface 
is installed on the SYS68K1SRAM-22/22Y to allow 
serial communication on the local bus without 
using the VMEbus for this purpose. 
Only the SYS68K1CPU-25 and the SYS68K1 
SRAM-22 operate together while the SYS68K1 
CPU-25Y and the SYS68K1SRAM-22Y can be 
combined. 

1.10 The VMEbus Interface 
A full 32 bit wide VMEbus interface compatible to 
the VMEbus, IEEE 1014 standard is installed on the 
SYS68K1CPU-25 products, 
The 4 Gbyte address space of the 68020 is fully de­
coded and 8, 16, 24 and 32 bit data transfers are 
supported, 
The support of the unaligned data transfers across 
the VMEbus allows the 68020 CPU to operate with 
its maximum throughput. To enable the support of 
16 bit memory boards, the bus size of the VMEbus 
address space is software programmable (16 or 32 
bit wide) via the PI/T. 
A single level bus arbiter is installed o~ the 
SYS68K1CPU-25 to build single or small multi-pro­
cessor environments without the need for a special 
system controller unit. 
Powerful software programmable bus release 
functions are installed on the board to take maxi­
mum advantage of the multi-processor features 
defined in the VMEbus specification. 
A bus driver for BERR generation during local and 
VMEbus accesses which are not completed within 
60 to 80 us is installed on the SYS68K1CPU-25, 
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2.0 Software Description 

2.1 Features of the FORCEbug 
- Powerful Command Set including: 

• Test facilities 
• Debugging tools 
• Up/down load utilities , 

- Line assembler/disassembler fully supporting all 
68020/68851/68881 opcodes and addressing 
modes 

- Full support of the Co-Processors 68881 FPCP 
and 68851 PMMU 

- Macro facility for FORCEbug commands 
- Recall of last input line using Control A 
- System timer with 1 Omsec clock tics 

2.2 General Description 
FORCEbug is an EPROM resident debugging pack­
age for the SYS68K1CPU-25. It features test facili­
ties, debugging tools, a powerful line assembler/ 
disassembler for the 68020 as well as for use with 
all FORCEbug commands, 
The test facilities allow the user to test and debug 
hardware on the external bus as well as to prove 
functionality of all on-board devices. 

127 

The debugging tools are well suited to download 
programs from a host computer and d~bug ~hem 
on the board. Included is breakpOint setting, Single 
stepping, tracing if flow is changed, continuous 
tracing, display and change of all processor regi­
sters and memory contents. 
With the macro facility, several FORCE bug com­
mands can be combined in one command name 
and then executed together. It also allows parame­
ter substitution for up to eight parameters. 
FORCEbug takes approximately 40Kbyte of 
EPROM space and reSides In a Single 27512 
EPROM. Additionally, approximately 4Kbyte of 
read/write memory are used by FORCEbug for 
vector and parameter storage. 
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Specifications 

CPU-25 SRAM-22 CPU-25Y SRAM-22Y 

CPU 68020 - 68020 -
Clock Frequency (MHz) 16.7 - 16.7 -
PMMU 68851 - 68851 -
Clock Frequency (MHz) 16.7 - 16.7 -
FPCP 68881 - 68881 -
Clock Frequency (MHz) 16.7 - 16.7 -
FLME Memory Capacity (Mbyte) 0.5 0.5 2.0 2.0 

No. of Wait States 1 1 1 1 

EPROM Space (Kbyte) 64 - 64 -
SRAM Space (main board) (Kbyte) 32 - 32 -
Serial 1/0 Interfaces 
RS232 1 - 1 -
RS232/RS422 1 1 1 1 

VMEbus Interface x - x -
A32,A24,A16: 032, 016, 08, UAT x - x -
Single Level Arbiter x - x -
Interrupt Handler(IRQ1-7) x - x -

68020 FORCEbug Firmware x - x -
Maximum Power Requirements 

+ 5V (A) 5.2 5.2 5.2 5.2 
(2x) (2x) 

+12V (A) 0.2 0.1 0.2 0.1 
-12V (A) 0.2 0.1 0.2 0.1 

Operating Temperature (°C)min 0 0 0 0 
(°C)max 50 50 50 50 

Storage Temperature (°C)min -20 -20 -20 -20 
(non-operating) ("C)max +85 +85 +85 +85 

Relative Humidity (%)min 10 10 10 10 
(non-condensing) (%)max 90 90 90 90 

No. of Used Slots 2 1 2 1 
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Ordering Information 

SYS68K1CPU-25 
Part no. 101210 

SYS68K1SRAM-22 
Part No. 201000 

SYS68K1CPU-25Y 
Part No.1 01211 

SYS68K1SRAM-22Y 
Part No. 2011 00 

SYS68K1CPU-25 UM 
Part No. 800126 

68020 CPU board with PMMU, FPCP and 
512Kbyte SRAM including documentation 

512Kbyte SRAM expansion only forthe CPU-25 

68020 CPU board with PMMU, FPCP and 2Mbyte 
SRAM including documentation 

2Mbyte SRAM expansion only for the CPU-25Y 

User's Manual for the CPU25M and SRAM-22M 
products. 
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SYS68K/CPU·26 

System 68000 VME 
SYS68KI CPU·26 
High Performance General 
Purpose CPU Board with DPR 
DMA and Mass Memory Control 

• 16.7 or 20.0 MHz 68020 CPU 
• 1 or" Mbyte Dual Ported RAM 
• SCSI and Floppy Interfaces 
• ,. Serial II 0 (RS232) 
• FCiA-002 
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1. General Description 

The SYS68K1CPU-26 is a 68020 based CPU board 
providing as much as 4 Mbyte of Dual Ported Mem­
ory. 
A full 32 bit DMA Controller supporting data trans­
fers to/from VMEbus memory as well as to/from 
local system RAM is provided by a FORCE specific 
280 pin Gate Array installed on the board. 
The SYS68K1CPU-26 also includes the enhanced 
Floating Point Co-processor 68882. 
Mass memory control is provided through the SCSI 
Controller and the single chip floppy disk control­
ler. Both are connected to the 32 bit DMA Control­
ler providing highest data throughput to connected 
mass memory devices. 

BLOCK DIAGRAM OF THE SYS68K1CPU-26 
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Serial communication is provided through fourfully 
independent synchronous/asynchronous Multi 
Protocol Communication Channels. 
Additional features include up to 4 Mbyte EPROM 
capacity (32 bit wide), 32 Kbyte static RAM and a 
Real Time Clock. 
The two independent 8 bit wide VMEbus FORCE 
Message Broadcast FIFOs and the 16 VMEbus lo­
cation monitors complete the board. 

P1 

P2 

P3 

'4 

VME 
P2 

VME 
P2 
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2. Features of the SYS68K1CPU-26 Boards: 

• 68020 CPU with 16.7 or 20.0 MHz clock fre­
quency. 

• 68882 FPCP with 16.7 or 20.0 MHz clock fre­
quency. 

• 32 bit high speed DMA Controller for data trans­
fers to/from the Dual Ported RAM and/or to/ 
from the VMEbus memory. 
32 byte internal FIFO for burst DMA. 

• 1 or 4 Mbyte of dual gated dynamic RAM ac­
cessed from the local CPU with 1 wait state in­
cluding byte parity generation/check. 

• The DRAM is accessible from the VMEbus side 
via the Gate Array (FGA-002). 

• 4 Serial I/O interfaces built with two Dual Univer­
sal Serial Communication Controllers. 
1 channel is RS232 and 3 channels are RS232/ 
RS422 compatible. 

• Four user EPROM devices providing up to 
4 Mbyte capacity using a 32 bit data path. 
1 wait state access possible by using 100 ns de­
vices. 

• 1 system EPROM for local booting and initializa­
tion of the I/O interface chips and the Gate 
Array. 

• 32 Kbyte of static RAM with on-board battery 
backup (8 bit data path). 

• Real Time Clock with calendar and on-board 
battery backup. 

• SCSI-interface with 2.0/4.0 Mbyte/s data trans­
fer rate using the on-board DMA Controller. 

• Floppy disk interface (SA460 compatible) for 
connection of 3, 3 1/2 and 5 1/4 inch drives. 

• Two 24 bit timers with 5 bit prescaler. 
• Four 8 bit timers with 8 bit prescaler. 
• All local I/O devices are able to interrupt the 

local CPU on a software programmable level. 
• BERR handling fully under software control via 

different counters for local and VMEbus acces­
ses. 

• Full 32 bit VMEbus master/slave interface sup­
porting the following data transfer types: 
Master: A32, A24, A 16: 08, 016, 032 
Slave: A32, A24, A 16: 08, 016, 032 
Address only 
UAT and read-modify-write cycles are also 
supported. 

• Single level VMEbus arbiter 
• SYSCLK driver 
• VMEbus Interrupt Handler (IH 1 to 7 dynamic) 
• Two independent Message Broadcast FIFOs 

for simultaneous access of up to 20 CPU boards 
installed in one rack. 

• Support for ACFAIL and SYSFAIL via software 
programmable IRQ levels. 

• Timeout counter (3 seconds), if the board does 
not receive bus mastership. 

• Bus timeout counters for local and VMEbus 
accesses (15 us). 

• VMEPROM, the real time monitor with file man­
ager and Real Time Kernel (pDOS compatible) is 
installed on each board version. 

3. Hardware Description 

3.1. The 68020 CPU 

The 68020 with its 32 bit address and data paths is 
installed on the SYS68K1CPU-26 board. 
The CPU includes a 256 byte instruction cache 
which significantly reduces the number of bus 
cycles needed for program fetches. A CACHE 
switch on the front panel allows the user to enable 
or disable the on-chip cache for software debug­
ging purposes. 
The 68020 CPU accesses the Dual Ported Memory 
constantly with the insertion of only one wait state. 
Communication of the local I/O interfaces, local 
SRAM and the VMEbus interface to the 68020 
CPU i~ provided through the specially designed 
280 pin Gate Array called FGA-002. 
The EPROM area, the Floating Point Coprocessor, 
and the dual gated RAM are directly connected to 
the CPU data and address bus interface (as shown 
in the block diagram of the SYS68K1CPU-26). 
The clock frequency of the 68020 CPU is 16.7 or 
20.0 MHz. This offers, in combination with the Dual 
Ported RAM, a real computing rate of 1.5-4 MIPs. 

3.2 The Floating Point Coprocessor 

The SYS68K1CPU-26 is fitted with the enhanced 
68882 Floating Point Coprocessor (FPCP). The 
clock frequency of the CPU and the FPCP is ident­
ical. The FPCP conforms to the IEEE Floating Point 
standard 754 (draft 10.0). 
Easy floating point operation con~rol to the co~ro­
cessor is provided because the IntercommUnica­
tion between the CPU and the FPCP is built in sili­
con. 
An internal register set inside the FPCP of 8 general 
purpose registers (80 bit wide) yields fast execution 
times. 
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Features of the FPCP 

• 8 general purpose registers (80 bit, 64 bit Man-
tissa, 15 bit exponent and one sign bit) 

• 67 bit on-chip ALU 
• 67 bit barrel shifter 
• 46 instruction types including 35 arithmetic 

operations 
• IEEE 754 standard (draft 10.0) 



• Full support of trigonometrical and logarithmic 
functions such as: 
SINE and COSINE 
TANGENT and COTANGENT 
Hyperbolic functions (TANGENT, ARC 
TANGENT, SINE and COSINE) 
Logarithmic functions (4) 
Square root and exponential functions (4) 

• The 68882 is fully software compatible to the 
68881 FPCP 

3.3 The Dual Ported RAM 

The SYS68K1CPU-26 contains a dynamic RAM 
area with a capacity of 1 or 4 Mbyte. The local con­
trollogic allows to extend the Dual Ported RAM ca­
pacity to 16 Mbyte if the 4 Mbit DRAMs become 
available. The local CPU and the installed DMA 
Controller can access the DRAM constantly with 
only one wait state. RAS and CAS pre-charge times 
and the clock synchronized control logic allow ac­
cesses of the RAM every 200 ns which results in a 
4 clock access period for the CPU and the DMA 
Corjtroller at 20.0 MHz. The bandwidth of the 
DRt-.M is therefore 20 Mbyte/s. 
Di~!Hbuted asynchronous refresh is provided every 
15 us and each access cycle is delayed by the inser­
tion of only 4 additional clocks. 
The DRAM is also accessible from the VMEbus 
through the installed FORCE specific Gate Array 
(FGA-002). Three fully independent access ad­
dress ranges and address modifier codes are pro­
grammable from the local CPU. 
The smallest RAM area for a dual gated RAM seg­
ment is 4 Kbyte which allows partitioning of the 
dual gated RAM under software control because 
the access address ranges can be modified under 
run time in steps of 4 Kbyte. 
The DRAM is accessed from the VMEbus side by 
requesting local bus mastership from the local 
CPU via the FGA-002. After the CPU has granted 
local bus mastership to FGA-002 the access cycle 
is executed and all data are latched on read cycles, 
while a normal write cycle is executed and termin­
ated after storing data into the DRAM cells. The 
read and the write cycle is terminated on the local 
bus side and FGA-002 immediately releases bus 
mastership to the CPU while completing the fully 
asynchronous VMEbus access cycle. 
The early completion of the read and write cycle 
from the VMEbus side to the DRAMs is twice as fast 
as to wait for the completion of the VMEbus cycle. 
This allows the local CPU to run with a minimum of 
overhead. 
The SYS68K1CPU-26 includes Byte Parity Check 
for the local and for the VMEbus accesses. If a par­
ity error is detected on a VMEbus cycle, a BERR 
is forced to the VMEbus to inform the requestor 
about the parity error. On all local accesses a nor-

135 

SYS68K/CPU-26 

mal DSACK will be generated and an interrupt on a 
software programmable level is also generated if a 
parity error was detected. For easy software con­
trolled detection of the cycle which caused the par­
ity error the access address is stored inside FGA-
002. 

3.4 The Local SRAM 

A 32 Kbyte static RAM is installed on all SYS68K1 
CPU-26 board versions and supports data storage 
during power down phases for up to 1 year. The 
SRAM is directly connected to the FORCE Gate 
Array I/O interface. Long, word and byte transfers 
are automatically controlled via the Gate Array. 
Normal read and write operations to the single 32K 
x 8 SRAM are allowed If the power is within the 
specification detected by a separate power sensor. 
Higher density devices (e.g. future 128K x 8 de­
vices) may be inserted as the 32 pin socket allows 
the use of all JEDEC compatible devices. 

3.5 The EPROM Areas 

3.5.1 The USER EPROMs 

The SYS68K1CPU-26 contains four user EPROM 
sockets supporting four 28 and/or 32 pin EPROM 
devices. Maximum data throughput to the 68020 
CPU is provided through the fast decoding logic 
and separate data transceivers supporting one 
wait state operation if 100 ns devices are installed. 
The following table lists the supported device types 
and the memory capacities. 

Supported Device Types in the User EPROM 
Area: 

Device Total Memory 
Type Pins Organization Capacity 

2764 28 8Kx8 32 Kbyte 
27128 28 16Kx8 64 Kbyte 
27256 28 32Kx8 128 Kbyte 
27512 28 64Kx8 256 Kbyte 

271024 32 128Kx8 512 Kbyte 
TBD 32 256Kx8 1 Mbyte 
TBD 32 512Kx8 2 Mbyte 
TBD 32 1Mx8 4 Mbyte 

3.5.2 The SYSTEM EPROM 

The SYS68K1CPU-26 board contains in addition to 
the four user EPROMs a single system EPROM to 
boot the local CPU and initialize all I/O devices and 
program the board dependent functions of the 
Gate Array FGA-002. All the presetting and initiali­
zation of the I/O devices are made through the sys­
tem EPROM to ease the adaptation of the complex 
board functions to the application needs. 
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3.6 The DMA Controller 

A high speed DMA Controller is installed on the 
SYS68K1CPU-26. It features a data transfer speed 
of up to 30 Mbyte/sec on the VMEbus while the data 
transfer speed to the Dual Ported RAM is 20 Mbyte/ 
sec. 
This throughput is the effective transfer speed by 
transferring 32 bit of data. 
The SYS68K1CPU-26 allows the transfer of data 
between VMEbus memory (2 different memory 
areas), or between VMEbus memory and the Dual 
Ported RAM. 
DMA execution on the VMEbus is performed with­
out any determination of performance for the local 
CPU. This allows a program to be run while loading 
new data Into the Dual Ported RAM or writing pro­
cessed data to global RAM or I/O controller boards. 
If the data has to be stored or read to/from the Dual 
Ported RAM the DMA Controller requests bus mas­
tership from the local CPU. 
To increase the data throughput and maintain mul­
tipro?essor functionality, the DMA Controller oper­
ates In burst mode by using its 32 byte FIFO for in­
ternal data storage. The read and write operations 
are executed in 8 cycles fetching 4 byte at a time 
which result in 8 read cycles followed by 8 write 
cycles. 
This feature significantly increases data through­
put and functionality because the local CPU main­
tains the real-time capabilities by being interrupt­
able during DMA transfers on the VMEbus. 
This technology allows data transfer between the 
~ual Ported RAM and the VMEbus by first collect­
Ing t~e data from the VMEbus, giving up bus mas­
tership and then transferring the data to the Dual 
Ported RAM. Asecond VMEbus board is allowed to 
transfer data on the VMEbus while the DMA Con­
troller transfers the stored data to the Dual Ported 
RAM. 
The bus release functions of the VMEbus master­
ship for the DMA Controller are software program­
mable. 
The following table shows the DMA data transfer 
capabilities of the SYS68K1CPU-26 board. 

Area 1 Area 2 CPU operation Note 

VMEbus .-t VMEbus 100% -
VMEbus .-t DPR 40- 50% 1 
VMEbus .-t SCSI 100% -
VMEbus .-t FDC 100% -
DPR .-. SCSI 60- 80% 2 
DPR .-t FDC 90% -

Note 1: 

Note2: 

CPU operation depends on the transfer 
speed of the addressed VMEbus board. 
CPU operation depends on the transfer 
speed of the SCSI device. 

The CPU can operate in parallel to the DMA Con­
troller data transfers because of the 32 byte FIFO 
and structure of the SYS68K1CPU-26. 
CPU operation means that the CPU can access all 
local I/O devices, the EPROM area as well as the 
Dual Ported RAM. Only if the CPU wants to access 
the VMEbus the CPU has to wait until the DMA 
Controller has finished its data transfers out of its 
FIFO (max 8 data transfers). 
Additionally, the DMA Controller is connected to 
the on-board SCSI and floppy disk controller allow­
ing data transfer between mass memory devices 
and the Dual Ported RAM or the VMEbus memory. 
The DMA Controller is installed inside the 280 pin 
Gate Array supporting 32 data and address sig­
nals. All addressing modes of the VMEbus are fully 
software programmable (AM-Codes) forthe source 
and destination address. 
The DMA Controller supports aligned and unalig­
ned data transfers to odd and even addresses. The 
internal control logic first aligns the data transfers 
to take full advantage of the 32 bit bus structure. 
The data transfer speed to the VMEbus depends 
on the access time of the addressed VMEbus 
module. The effective transfer speed reaches 15 to 
20 Mbyte/s using dynamic memory boards. The 
maximum speed of 30 Mbyte/s can be achieved if 
high speed static RAM boards are used. 
The following register set shows the structure of 
the DMA Controller in more detail. 
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Register Set of the DMA Controller 

8 I 

8 I 

8 I 

32 I 

32 I 

32 I 

DMA Interrupt Control 
Registers. Normal Termination. 

DMA Interrupt Control 
Registers. ERROR Termination. 

DMA General Control 
Register. 

DMA Mode Control Register. 

DMA Destination Attributes 
and AM-Code. 

DMA Source Attributes and 
AM-Code. 

Source Address Register. 

Destination Address Register. 

Transfer Count Register. 



3.7 The Local 110 Devices 

The SYS68K1CPU-26 contains a Gate Array (FGA-
002) which builds an 8 bit local I/O interface used to 
interconnect the CPU and the I/O devices. 
The Real Time Clock, serial I/O controllers, control 
and status registers, SCSI and the floppy disk con­
troller are connected to this local I/O interface. 

3.7.1. The Serial 110 Interfaces 

Two Dual Universal Serial Communication Control­
lers (DUSCC 68562) are installed on the SYS68K1 
CPU-26 to communicate to terminals, computers 
or other equipment. 

Features of the DUSCC 

• Dual full-duplex synchronous/asynchronous re­
ceiver and transmitter 

• Multi-protocol operation consisting of: 
BOP: HDLC/ADCCP, SDLC, SDLC Loop, 

X.25 or X.75 link level 
COP: BISYNC, DDCMP, X.21 
ASYNC: 5-8 bit plus optional parity 

• Programmable data encoding formats: 
NRZ, NRZI, FMO, FM1 ,Manchester 

• 4 character receiver and transmitter FIFOs 
• Individual programmable baud rate for each 

receiver and transm itter 
• Digital phase locked loop 
• User programmable counter/timer 
• Programmable channel modes full/half duplex, 

auto echo, local loop back 
• Modem control signals for each channel: 

RTS, CTS, DCD 
• CTS and DCD programmable auto enables for 

Receiver (RX) and Transmitter (TX) 
• Programmable interrupt on change of CTS or 

DCD 

The I/O signal assignment of each of the four chan­
nels is listed in the following table: 

Sig- In- Out- 9PlnDSUB 
nal put put Connector Description 

DCD x 1 Data Carrier Detect 
RXD x 2 Receive Data 
TXD x 3 Transmit Data 
DTR x 4 Data Terminal Ready 
GND 5 SignalGND 
DSR x x 6 Data Set Ready 
RTS x 7 Request to Send 
CTS x 8 Clearto Send 
- - - 9 Not Connected 

The first channel is assigned to connect a terminal 
via the RS232 compatible interface. 
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The remaining three channels can be configured to 
work as an RS232 or as an RS422 compatible inter­
face. R/C components can be installed to adopt 
the various cable lengths and reduce the reflec­
tions if the RS422 compatible interface is selected. 
The two DUSCCs are able to interrupt the local 
CPU on a software programmable IRQ-level (1-7) 
by supplying their own software programmable 
IRQ vectors (12 in total) to the local CPU. 

3.7.2 The Real Time Clock 

A software programmable Real Time Clock (RTC-
62421) with on-board battery backup is installed 
on the SYS68K1CPU-26 boards. The features of 
the Real Time Clock are listed below. 

Features of the Real Time Clock 

• Time of day and date counter included (year, 
month, week, day) 

• Built-in quartz oscillator 
• 12hr/24hr clock switchover 
• Automatic leap year setting 
• Interrupt masking 
• C-MOS design provides low power consump-

tion during power down mode. 

The Real Time Clock is able to interrupt the local 
CPU on a software programmable level (1 to 7). 

3.7.3 The Input/Output Register 

A total of three 8 bit input ports and one 8 bit output 
port are available on the SYS68K1CPU-26. 
The first 8 bit input port is connected to the two 4 bit 
HEX rotary switches provided on the front panel for 
application dependent settings. 
The second 8 bit input port allows the jumper set­
tings to be read (1 or 0) on a jumperfield installed on 
the PCB. This jumperfield can be used to define the 
slot number or to define application dependent 
pre-settings. 
The third 8 bit input port allows the memory capac­
ity of the DPR to be read. Each SYS68K1CPU-26 
board has three readable status bits describing the 
memory capacity. In addition, the CPU board type 
can be read via the remaining 5 bits. 
Four LEDs are controlled via the 8 bit output port. 
The remaining 4 bits are used for board specific 
control functions. 

3.7.4 The Timers 

A total of 6 independent timers are available for the 
user. These timers offer maximum flexibility be­
cause each timer can be used to force an interrupt 
to the CPU on a software programmable IRQ-level 
(1 to 7). 
The first two timers each provide a 24 bit timer with 
an individual 5 bit prescaler. 
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The next three timers are 8 bit wide and include an 
8 bit pres caler . 
The sixth timer is used to generate the SYSFAIL sig­
nal to the VMEbus. SYSFAIL can be used in multi­
processor systems to signal that one board has de­
tected a failure. This 6th timer is used as a watch­
dog timer which needs to be triggered after a soft­
ware programmed time before signalling SYSFAIL. 
All installed timers can be used as a watchdog timer 
or can generate interrupts on a periodical basis. 

3.7.5. The Floppy Disk Interface 

The SYS68KJCPU-26 contains a single chip floppy 
controller, the WD1772. The installed driver/recei­
ver circuits allow direct connection of 3, 3 1/2 and 
5 1/4 inch floppy drives. All I/O signals are available 
on the user defined pins of the P2 connector. The 
I/O signal assignment is compatible to the SYS68KJ 
ISCSI-1 Controller which allows the use of the 
ISCSI-1 BP for inter-connection to mass memory 
devices. 

Features of the WD1772 Controller: 

• Built-in data separator 
• Built-in write precompensation 
• 128,256,512 or 1024 byte sector lengths 
• 51/4" single and double density 
• Programmable stepping rate (2 to 6 ms) 

The WD1772 Controller is connected via an 8 bit 
DMAbus to the DMA Controller which allows the 
transfer of data fully asynchronous to the operation 
of the CPU. 
The floppy disk controller is fully supported from the 
on-board real time monitor debugger VMEPROM. 

3.7.6 The SCSI Interface 

The MB87030 SCSI Controller with its up to 4 M­
byte/s data transfer rate is installed on the SYS68KJ 
CPU-26 to interface directly to SCSI Winchester 
disks, optical drives or tape streamers. 

Features of the 87030 SCSI Controller: 

• Full support for SCSI control 
• Service of either initiator or target device 
• Eight byte data buffer register incorporated 
• Transfer byte counter (24 bit) 
• Independent control and data transfer bus 
• Asynchronous data transfer speed 2.0 Mbyte/ 

sec. 
• Synchronous data transfer speed up to 4.0 

Mbyte/sec. 

The SCSI Controller with its 8 bit DMA channel is 
directly connected to the installed DMA Controller 
(inside FGA-002) and allows the transfer of data 
with a maximum speed of 4 Mbyte/s. 

The installed DMA Controller includes a 32 byte 
FIFO which is able to wait until the 32 bytes are 
filled and then to request local bus mastership to 
transfer the dat(j in only 8 cycles (32 bit in parallel). 
In addition to the 32 byte DMA FIFO, the DMA chan­
nel includes a 2nd FIFO (8 byte deep) to fill the DMA 
FIFO if the DMA transfer to the main memory is tak­
ing place. This allows to transfer data on the local 
DMA bus continuously with a data rate of 4 Mbyte/s 
without any timing gaps In between. 
This technique permits the CPU to perform all real­
time capabilities, because the ratio between CPU 
and DMA operation at the maximum SCSI data 
transfer rate of 4 Mbyte/s is 63% for the CPU, 20% 
for the DMA Controller and 7% for the overhead 
(BR, BG, BGACK handshake). If the data transfer 
rate is less than 4 Mbyte/s the percentage range of 
CPU operation increases and the DMAC range de­
creases while the overhead of 7% remains un­
changed. 
The I/O signal assignment of the single ended SCSI 
interface is fully compatible to the assignment of 
the SYS68KJISCSI-1/1A board. 
The SCSI Controller on the SYS68KJCPU-26 is fully 
supported from the installed real time monitor de­
bugger VMEPROM. 
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Picture of the SYS68K1CPU-26 with Mass Memory Drives 
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4.0 The VMEbus Interface 

The SYS68K/CPU-26 includes a full 32 bit VMEbus 
interface, thereby taking full advantage ofthe VME­
bus specification. 
The address modifier codes for A 16, A24 and A32 
addressing are fully supported in master and slave 
mode. 
In slave mode the Gate Array decodes the AM­
codes and the address signals of the VMEbus and 
signals the on-board control logic if one of the three 
independent decoding ranges are addressed cor­
rectly and if the access cycle has to be executed 
(write protection). 
The Gate Array forces the access cycle to the Dual 
Ported RAM and controls/adapts the data flow (8, 
16,24 or 32 bit of data) automatically. 
The following data transfer types are supported in 
master and slave Mode: 

Transfer Type 031-024 023-016 015-08 07-00 

Byte x 
x 

Word x x 

Long Word x x x x 

Unaligned x x x 
Transfers x x 

x x x 

Read Modify x 
Write x x 

x x x x 

The read-modify-write cycles are fully supported to 
synchronize multiple CPU boards via the Dual Por­
ted RAM. 
The access times to access the Dual Ported RAM 
from the VMEbus are listed in the following table: 

Access Times Min Type Max 

Read 280ns 340ns 440ns 
Write 280ns 330ns 430ns 

The SYS68K/CPU-26 includes a DMA Controller 
supporting high speed data transfer through the 
on-board Gate Array. DMA transfers can be per­
formed between the Dual Ported RAM and VMEbus 
memory while the 68020 CPU is operating in its 
local program cache. 
The SYS68K/CPU-26 includes the following bus 
arbitration modes: 

RWD 
ROR 
ROBCLR 
RAT 

Release when done 
Release on request 
Release on Bus Clear 
Release after Timeout 

In addition the board is able to request bus mas­
tership if no other board requests mastership (Re­
quest on No Request-RNR). 
Each of the listed modes is software program­
mable inside the Gate Array. The bus request level 
of the SYS68K/CPU-26 is jumper selectable (BRO-
3). A single level arbiter, a power monitor, a SYS­
RESET generator and support for ACFAIL and 
SYSFAIL complete the VMEbus interface. 
The installed location monitor and the Message 
Broadcast on VME are briefly described in the next 
two sections. 

5.0 The Location Monitors 

The SYS68K/CPU-26 includes 16 location moni­
tors. Each of these location monitors allows an in­
terrupt to be forced to the local 68020 CPU. The 
interrupt level of each location monitor is software 
programmable and an individual interrupt vector 
for each location monitor is forced to the CPU. 
This function allows the triggering of multiple CPU 
boards via one master by only fetching an interrupt 
vector on the local bus and leaving the VMEbus 
free for data transfers. 
In addition, the location monitor bits can be used 
to synchronize multiple CPUs via standard read 
cycles by internally forcing a read modify write 
cycle. This allows various CPUs on the VMEbus to 
be synchronized (for example a 68020 and a 80386 
CPU-board). 

6. The Message Broadcast 

The SYS68K/CPU-26 board provides two fully in­
dependent Unique Message Broadcast functions 
which are implemented within the Gate Array. 
The FORCE Message Broadcast (FMB) allows the 
simultaneous addressing and interrupting of all 
CPU boards installed in a VMEbus environment. It 
stores an 8 bit message in an 8 stage deep FIFO. 
The Message Broadcast complies fully to the VME­
bus specification and minimizes the time overhead 
required to interrupt all installed CPU boards in a 
system. 
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If, for example, 16 boards are installed in a system 
without FMB, the minimum time required to inter­
rupt all of them is 16 times an access cycle to each 
of their location monitors. If no location monitors 
are available then the IRQ signals of the VMEbus 
have to be used. This results in a maximum number 
of 7 boards to be synchronized (7 IRQ levels). The 
time required to interrupt all of them is enormous 
because each board has to request bus mastership 
and initiate an interrupt acknowledge cycle. This 
results in a big timing gap between the different 
CPU boards being interrupted. 



The FMB allows each of the maximum 21 defined 
boards in the system to be addressed, and to inter­
rupt one, some or all of them, sending the addres­
sed boards an 8 bit message. 
The FMB therefore allows any board(s) to be trig­
gered at the same time by fetching the interrupt 
vector on the local bus leaving the VMEbus free for 
activities of other bus masters. 
Each participant of the FMB stores the single byte 
message in its 8 byte deep FIFO (inside the Gate 
Array) and at the same time interrupts the local 
CPU on a software programmable level (1 to 7). 
Each of the two, fully independent FIFOs is de­
signed to allow as many as 8 messages to be sent 
to multiple participants within a short time frame. 
The messages can be read from the local CPU after 
the interrupt has been acknowledged. 
The FMB byte is user defined to allow maximum 
flexibility and to adapt the various requirements to 
the user needs. 
The most important feature of the FMB is that each 
32 bit VMEbus based CPU available on the market 
can send this message byte to a FORCE board 
supporting the FMB function. 

SYS68K/CPU-26 

No special motherboard or extended address 
modifier capabilities are needed because only the 
defined signals, timings and data transfer types are 
used to perform the FMB. 
Each master can define the board(s) which are to 
receive the FMB byte on an individual base. The 
hardware inside the Gate Array decodes the infor­
mation from the used address and performs the 
cycle. 
The data transfer of the FMB is completed in less 
than 330 ns for all CPU boards which results in a 
maximum data bandwidth (theoretical) of 20 x 
3 Mbyte/s ~ 60 Mbyte/s. 
A patent on the FMB is pending. 
The FORCE Message Broadcast is described in 
detail in the SYS68K1FMB Data Sheet while the 
general block diagram is shown below. 

BLOCK DIAGRAM OF THE FORCE MESSAGE BROADCAST 

RAM I/O I/O 
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7. The Interrupt Structure 

The Gate Array installed on the SYS68K/CPU-26 
handles all local and VMEbus interrupts. Each in­
terrupt request from the local bus through the SCSI 
and floppy disk controller, the DUSCC, RTC and 
the two timers, as well as the Gate Array specific in­
terrupt requests, are combined with the 7 VMEbus 
interrupt requests. 
Each IRO source including the VMEbus IROs can 
be programmed to interrupt the CPU on an individ­
ual programmable level (1 to 7). 
The Gate Array supports the vector, or initiates an 
interrupt vector fetch from the I/O device or from 
theVMEbus. 
In addition to the local interrupts, the ACFAIL and 
SYSFAIL signals can be used to interrupt the CPU 
on a software programmable level. 
This results in a total of 42 individuallROs handled 
through the Gate Array on the SYS68K/CPU-26 
board. 
The Gate Array supplied interrupt vectors have a 
basic vector and fixed increments for each source. 
The basic vector is software programmable. 

8. The Memory Map 

The memory map of the SYS68K/CPU-26 is listed 
in the following table: 

Start End Type Address Address 

00000000 003FFFFF Dual Ported Memory 
(4 Mbyte) 

00400000 F9FFFFFF VMEbus Addresses 
A32:D32,D24,D16,DB 

FAOOOOOO FAFFFFFF Message BroadcastArea 
(Slave and Master Mode) 

FBOOOOOO FBFEFFFF VMEbus 
A24:D32,D24,D16,DB 

FBFFOOOO FBFFFFFF VMEbus 
A16:D32,D24,D16,DB 

FCOOOOOO FCFEFFFF VMEbus 
A24:D16,DB 

FCFFOOOO FCFFFFFF VMEbus 
A16:D16,DB 

FDOOOOOO FDFFFFFF Reserved 

FEOOOOOO FEFFFFFF Reserved 

Start End Capac- Type Address Address ity 

FFOOOOOO FF7FFFFF BMbyte USER-EPROM 

FFBOOOOO FFBFFFFF 1 Mbyte Local 110 

FFCOOOOO FFCFFFFF 1 Mbyte LOCALSRAM 

FFDOOOOO FFDFFFFF 1 Mbyte Registers of 
FGA-002 

FFEOOOOO FFEFFFFF 1 Mbyte SYSTEM 
EPROM 

FFFOOOOO FFFFFFFF 1 Mbyte Reserved 

9. The VMEPROM 

9.1. General Description 

VMEPROM is an EPROM based real time monitor. 
The complete package resides in 128 Kbyte of 
EPROM and uses a minimum of 32 Kbyte of RAM. 
VMEPROM is composed of the powerful PDOS 
Real Time Kernel and the PDOS file manager. Thus 
the package provides support of a highly sophisti­
cated Real Time Kernel and an interface to floppy 
and hard disk drives. 
The user interface contains more than 50 com­
mands perfectly suited for program debugging, 
host computer communications, as well as task­
and file management. In addition, it includes a 
powerful line assembler and disassembler for the 
68020 and the 68882. 

VMEPROM features: 
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• Real Time Multitasking Kernel supporting up to 
64 tasks. 

• File management support for sequential, ran­
dom and shared files. Up to 64 files may be ope­
ned at the same time. 

• Line assembler/disassembler with full support 
of all 68020/68882 instructions. 

• Over 20 commands for program debugging, in­
cluding break-points, tracing, processor reg­
ister display and modify. 

• S-record up/downloading from any port defined 
in the system. 

• Disk support for RAM-disk, floppy and Winche­
ster disks. Either a SYS68K/WFC-1 or a 
SYS68K/ISCSI-1 mass memory controller may 
be used. The local SCSI and floppy disk control­
ler are also supported. VMEPROM also allows 
disk formatting and initialization. 

• Serial 110 support for up to two S10-2 or ISIO-
1/2 boards in the system. 

• EPROM programming utility using the SYS68K/ 
RR-2/3 boards. 

• Full screen editor. 



• I/O redirection to files or ports from the com­
mand line. 

• Over 100 system calls to the kernel are suppor­
ted. 

9.2. Description of the User Interface of 
VMEPROM 

The user interface of VMEPROM allows I/O redirec­
tion to files or to any port defined within the system. 
Multiple command lines may be entered on a single 
command line. The user console input is interrupt 
driven and allows type-ahead. Over 60 commands 
are built into the VMEPROM user interface and are 
directly accessible without destroying memory. 
The command set covers functions such as pro­
gram execution, breakpoints, tracing and a power­
ful line assembler/disassembler. Also resident are 
file system functions such as append, delete, copy, 
rename and show file. These are applicable for 
RAM disk, floppy or hard disk. The task manage­
ment functions cover create task, kill task, alter 
task priority and list tasks. 

VMEPROM 

SYS68K/CPU-26 

9.3. Description of the Kernel Functions 

The kernel ofVMEPROM is written in 68020assem­
bly language for fast and effiCient execution. It pro­
vides multitasking, system clock,event processing 
and memory management. Ready tasks are sched­
uled with a prioritized round-robin method. Up to 
64 tasks may be defined simultaneously. 
Semaphores and events provide a low overhead 
facility for one task to signal another. Messages 
and mailboxes are used in conjunction with task 
lock, unlock, suspend and event primitives. 

9.4. Description ofthe File Manager Functions 

The file manager module provides sequential, ran­
dom, read only and shared access to named files 
on RAM disk, floppy or hard disk. New files are auto­
matically defined contiguously to improve access 
speed. 
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9.5. Supported VMEbus Hardware 

Upon power up, VMEPROM checks the VMEbus 
for the availability of several controller boards. 
Supported are up to two serial I/O boards, and one 
disk controller. 
In addition, EPROM programming is supported by 
VMEPROM utilizing the SYS68K1RR-2/3 board 
family. 

9.6. Target System Support 

VMEPROM can easily be used in target systems. 
For these systems, the application program can be 
put into EPROM with or without the user interface. 
The application programs can be started either by 
a command line or directly after reset without user 
input. 
The minimum EPROM space required by the VME­
PROM kernel and file manager is about 40 Kbyte. 
Small romable applications can be put in EPROMS 
easily without the overhead of the user interface. 

9.7. Development Systems 

Currently either one of the FORCE PDOS' or UNIX' 
System V development stations may be used for 
software development for VM EPROM. 
Compilers, assemblers, and libraries are available 
together with utilities for program downloading. 
These tools are well suited to help in program de­
velopment and debugging. 
The support of VMEPROM through other develop­
ment systems like the IBM-AT or the VAA is under 
development. These cross-software development 
packages will include C-compiler, assemblers for 
the 68020 and libraries to generate codes to run 
under control of VMEPROM. 

9.8. Licensing 

No license is required forVMEPROM. VMEPROM is 
delivered free of charge with every CPU-26 board. 
For more detailed information please refer to the 
SYS68K1VMEPROM Data Sheet. 
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Specification 

Function 

68020 CPU Frequency on: 
CPU-26X 16.7MHz 
CPU-26XA 20.0MHz 

68882 FPCP Frequency on: 
CPU-26X 16.7MHZ 
CPU-26XA/-26ZA 20.0 MHz 

DMA Controller: CPU-26X 16.7MHz 
CPU-26XA/-26ZA 20.0 MHz 

Internal FIFO 32 byte 
Max. Data Transfer Throughput 30 Mbyte/s 

Dual Ported RAM Type DRAM 
Byte Parity yes 
DPR Capacity: CPU-26x/-26XA 1 Mbyte 

CPU-26ZA 4 Mbyte 
No. of Wait States for all CPU and DMA Cycles 1 

SRAM Capacity 32 Kbyte 
On-Board Battery Backup yes 

No. of EPROM Sockets 4 
Data Paths 32 bit 
Max. Capacity 4 Mbyte 
No. of Wait States (min/max) 1/6 

Serial I/O Interfaces (total) 4 
Used Controller 2x68562 

RS232 compatible 1 
RS232/RS422 compatible 3 

Real Time Clock (T yp) 62421 
On-Board Battery Backup yes 

SCSI Controller Chip 87030 
SCSI Interface Single ended 
Data Transfer Rate asynchronous 2 Mbyte/s 

synchronous 4 Mbyte/s 
Connection to DMA Controller yes 
I/O Signals routed to P2 

Floppy Disk Controller Chip 1772 
Interface SA460 
Connection to DMA Controller yes 
I/O Signals routed to P2 
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Specification (cont'd) 

Function 

VMEbus Interface 
Master: A32,A24,A16:0S, 016, 032, 0(0), UAT yes 
Slave: A32, A24, A 16: OS, 016, 032, 0(0), UAT yes 

Software Programmable Access Address and Address Modifier Code yes 
No. of different Areas for Dual Ported RAM 3 
OPR Read Access Time (Typ) 340ns 

Write Access Time (Typ) 330ns 
Single Level Bus Arbiter yes 
SYSCLK Driver yes 
16 Location Monitors yes 

FORCE Message Broadcast 
FMB-FIFO 1 Sbyte 
FMB-FIF02 Sbyte 

Timers 
24 bit with S bit Prescaler 2 

S bit with S bit Prescaler 3 
S bit with S bit Prescaler (Watchdog Timerfor SYSFAIL) 1 

VMEbus Interrupt Handler 1 to 7 
Local Bus Interrupt Handler 1 to 7 
All Sources can be routed to a Software programmable IRQ Level yes 
Total Number of IRQ Sources 42 

RESET, TEST, RUN and CACHE Switch yes 

VMEPROM Firmware installed on all Board Versions 12S Kbyte 

Power Requirements 
+ SVmin/max 4.2/S.9A 
+ 12V minimax 0.1/0.3A 
-12Vmin/max 0.1/0.3A 

Operating Temperature (OegreesC) OtoSO 
Storage Temperature (OegreesC) -40toSS 
Relative Humidity (non-condensing in %) Oto9S 

Board Dimensions (mm) 234x160 
(in) 9.2x6.3 

No. of Slots used 1 
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Ordering Information 

SYS68K1CPU-26X 
Part No. 101130 

SYS68K1CPU-26XA 
Part No.1 01131 

SYS68K1CPU-26ZA 
Part No. 101132 

SYS68K1VMEPROM/UM 
Part No. 800140 

SYS68K1CPU-26/UM 
Part No. 800141 

SYS68K/CPU-26 

16.7 MHz 68020 based CPU board with 68882 FPCP, 
DMAC, 1 Mbyte Dual Ported RAM capacity and 
VMEPROM. Documentation included. 

20.0 MHz 68020 based CPU board with 68882 FPCP, 
DMAC, 1 Mbyte Dual Ported RAM capacity and 
VMEPROM. Documentation included. 

20.0 MHz 68020 based CPU board with 68882 FPCP, 
DMAC, 4 Mbyte Dual Ported RAM capacity and 
VMEPROM. Documentation included. 

VMEPROM User's Manual excluding the SYS68K1CPU-26 
description. 

User's Manual for the SYS68K1CPU-26 products, 
including VMEPROM User's Manual. 

Note: SYS68K1CPU-26 board versions without the 68882 FPCP are available upon special request. 
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System 68000 VME 
SYS68K I CPU·19 
High Performance 
68020 Multiprocessor 
CPU Board with VSB Interface 

• 12.5 MHz to 30 MHz 68020 CPU 
• 1 Mbyte 0 Wait State SRAM 
• 2 Serial RS232 Interfaces 
• Full 32 bit VSB Interface 

149 



SYS68K/CPU-29 

~I 

~I 
"' 

150 



1. General Description 

The SYSq8K1CPU-29 is an ultra high speed CPU 
board using a 68020 with a clock frequency of up to 
30 MHz. The SYS68K1CPU-29 is fully software 
compatible to the SYS68K1CPU-21 board. The 
SYS68K1CPU-29 uses only a single VMEbus slot 
while the SYS68K1CPU-21 uses 2 to 3 slots. 
A static RAM of up to 1 Mbyte capacity can be ac­
cessed from the CPU (30 MHz clock frequency) 
without the Insertion of wait states for all read and 
write c~cle~. A full.32 bit VSB interface including 
bus arbitration and Interrupt handling is installed on 
all CPU-29 board versions. 

BLOCK DIAGRAM OF THE SYS68K1CPU-29XC. 
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T~o serial I/O interfaces (RS232 compatible) pro­
vide asynchronous and synchronous data transfer 
rates of up to 38400 baud or 2 MbiVsec. 
The EPROM areaconsists of 4 devices supporting 
the 28 and 32 pin JEDEC standard providing a 
maximum capacity of 4 Mbyte. 
Two full~ independent 24 bit timers, a Real Time 
Clock w!th an on-board battery backup and the 
full 32 bit VMEbus master interface complete the 
board. 
In addition, VMEPROM, the PDOS* compatible 
multi-user real time monitor/debugger is installed 
on the SYS68K1CPU-29 boards. 
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2. Features of the SYS68K1CPU-29 

• 68020 CPU (12.5 MHz) on CPU-29XS 
(16.7 MHz) on CPU-29X 
(25.0 MHz) on CPU-29XB 
(30.0 MHz) on CPU-29XC 

• 68882 FPCP (12.5 MHz) on CPU-29XS 
(16.7 MHz) on CPU-29X 
(20.0 MHz) on CPU-29XB 
(25.0 MHz) on CPU-29XC 

• 68561 Multi Protocol Communication Control­
lers (2x) for serial I/O data transfers 
(RS232 compatible) 

• 68230 Parallel Interface and Timer devices (2x) 
for local control and timer function 

• 68153 Bus Interrupter Modules (2x) for all local 
interrupt management 

• 1 Mbyte of constant zero wait state static RAM 
• Up to 4 Mbyte of EPROM using 4 EPROMs (28 

and 32 pin JEOEC standard) building a 32 bit 
data path 

• VSB interface (full 32 bit) with single level arbiter 
A32, A24, A 16: 0(0), 08, 016, 032 
Unaligned transfers 
Read-modify-write transfers 
Interrupt Handler 

• VMEbus interface (full 32 bit) with single level 
arbiter 
A32, A24, A 16: 0(0), 08, 016, 032 
Unaligned transfers 
Read-modify-write transfers 

• Bustimer 
• Power monitor 
• SYSRESET generator 
• RUN/HALT/CACHE and TESTfunction switches 
• Status indication LEOs 
• 2 HEX rotary switches 
• Fully software compatible to the SYS68K/CPU-

21 CPU board 
• VMEPROM installed 

3. Hardware Description 

3.1 The 68020 CPU 

The 68020 with its 32 bit address and data paths is 
installed on the SYS68K/CPU-29 board. 
The CPU includes a 256 byte instruction cache 
which significantly reduces the number of bus 
cycles needed for program fetches. A CACHE 
switch on the front panel allows the user to enable 
or disable the on-chip cache for software debug­
ging purposes. 
The 68020 CPU accesses the static RAM with 
30 MHz clock frequency constantly without the in­
sertion of wait states. This allows the design to take 
full advantage of the throughput of the CPU. 
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The EPROM area, the Floating Point Coprocessor, 
the SRAM and the VSB interface are directly connec­
ted to the CPU data and address bus interface (as 
shown in the block diagram of the SYS68K/CPU-29). 
The clock frequency of the CPU ranges from 12.5 to 
30 MHz. This offers, in combination with the SRAM, 
a real computing rate of 2-6 MIPs. 

3.2 The Floating Point Coprocessor 

The SYS68K/CPU-29 is fitted with the enhanced 
68882 Floating Point Coprocessor (FPCP). The 
clock frequency of the CPU and the FPCP is ident­
ical. The FPCP conforms to the IEEE Floating Point 
standard 754 (draft 10.0). 
Easy floating point operation control to the copro­
cessor is provided because the intercommunica­
tion between the CPU and the FPCP is built in sili­
con. 
An intemal register set inside the FPCP of 8 general 
purpose registers (80 bit wide) yields fast execution 
times. 

Features of the FPCP 

• 8 general purpose registers (80 bit, 64 bit Man-
tissa, 15 bit exponent and one sign bit) 

• 67 bit on-chip ALU 
• 67 bit barrel shifter 
• 46 instruction types including 35 arithmetic 

operations 
• IEEE 754 standard (draft 10.0) 
• Full support of trigonometrical and logarithmic 

functions such as: 
SINE and COSINE 
TANGENT and COTANGENT 
Hyperbolic functions (TANGENT, ARC 
TANGENT, SINE and COSINE) 
Logarithmic functions (4) 
Square root and exponential functions (4) 

• The 68882 is fully software compatible to the 
68881 FPCP 

3.3 The Static RAM 

The SYS68K/CPU-29 contains a high speed static 
RAM offering constant no wait state access of all 
CPU access cycles. This 32 bit wide memory allows 
to take full advantage of the CPU execution speed. 
An upgrade to 4 Mbyte RAM is possible, as the 
RAM is located on a memory module which can 
easily be replaced if higher density modules be­
come available. 
The memory bandwidth of the SYS68K/CPU-29 
reaches 40 Mbyte/sec in the 30 MHz version with­
out any need for refresh because static RAMs are 
used. 



The low cost 12.5 and 16.7 MHz versions (SYS68K1 
CPU-29XS and -29X) access the static RAM (1 M­
byte) constantly without the insertion of wait states. 
On the 25.0 MHz version (SYS68K1CPU-29XB) 
100 ns devices (32 K x 8) are installed providing a 
constant one wait state access to the RAM . 
The 30 MHz board version uses 256 K x 1 oriented 
devices with an access time of 35 ns to guarantee 
the· constant zero wait state operation of the CPU. 
The following table lists the CPU board type, the 
memory capacity as well as the required number of 
wait states for accessing the SRAM area. In addi­
tion, the memory module with the 32 K x 8 oriented 
devices, together with the on-board control logic, 
supports a battery backup through the +5V STDBY 
line. 

PHOTO OF THE MEMORY MODULE 
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Board 
Type 

CPU-29XS 
CPU-29X 
CPU-29XB 

CPU-29XC 

CPU Clock SRAM 
Frequency Capacity 

(MHz) (byte) 

12.5 1M 
16.7 1M 
25.0 1M 

30.0 1M 

SYS68K/CPU-29 

No. of External 
Wait Battery 

States Backup 
Supported 

0 Yes 
0 Yes 
1 Yes 

0 No 
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3.4 The EPROM Area 

The SYS68K1CPU-29 contains four user EPROM 
sockets supporting 28 or 32 pin EPROM devices. 
Maximum data throughput to the 68020 CPU is 
provided through the fast decoding logic and sep­
arate data transceivers supporting one wait state 
operation if 100 ns devices are used. The following 
table lists the supported device types and the mem­
ory capacity. 

Supported Device Types in the User EPROM 
Area: 

Device Total Memory 
Type Pins Organization Capacity 

2764 28 8Kx8 32 Kbyte 
27128 28 16Kx8 64 Kbyte 
27256 28 32Kx8 128 Kbyte 
27512 28 64Kx8 256 Kbyte 

271024 32 128Kx8 512 Kbyte 
TBO 32 256Kx8 1 Mbyte 
TBO 32 512Kx8 2 Mbyte 
TBO 32 1Mx8 4 Mbyte 

3.5 The Serial 110 Channels 

The SYS68K1CPU-29 contains two Multi Protocol 
Communication Controllers (MPCC 68561) which 
include the following protocol features: 
• Character oriented protocols 

BSC, OOCMP, X3.28, X.21, ECMA 16 
• Synchronous bit oriented protocols 

SOlC, HOlC, X.25 
• CRC check selectable 
• Eight character receiver and buffer registers 
• Software programmable baud rate from 110 to 

38400 baud 
• DC data rate of up to 2 Mbit/s 

The two RS232 compatible interfaces are installed 
on the front panel via two 9 pin O-Sub connectors. 
The following I/O signals are supported with on­
board driver/receiver circuits: 

Sig- In- Out- 9PinDSUB 
nal put put Connector Description 

DCD x 1 Data Carrier Detect 
RXD x 2 Receive Data 
TXD x 3 Transmit Data 
DTR x 4 Data Terminal Ready 
GND 5 SignalGND 
DSR x x 6 Data Set Ready 
RTS x 7 Request to Send 
CTS x 8 Clearto Send 
- - - 9 Not Connected 
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Each MPCC is able to interrupt the local CPU on a 
software programmable level. The interrupt vector 
is also software programmable. 

3.6 The local Control Devices 

The SYS68K1CPU-29 contains two independent 
Parallel Interface and Timer devices (PI/T 68230), 
for local control and status display. 
The clock frequency of each PlfT is 8.064 MHz on 
all different board versions. Eight control bits can 
be read via the PlfT port A. These control bits can 
be set via two HEX rotary switches available on the 
front panel for manipulation. In addition, 8 status 
bits can be read out via the second PlfT. The status 
bits can be used for setting different configura­
tions, defining the slot number In a VMEbus multi­
processor system etc. 
The PlfT also allows to program the bus release 
functions such as: 

RAT Release after Timeout 
ROR Release on Request 
REC Release every Cycle 
RBClR Release on Bus Clear 

In addition, the board type (CPU-29) and the in­
stalled memory capacity can be read out via a PlfT. 
The two fully independent 24 bit timers with their 5 
bit pre-scaler can be used to interrupt the local 
CPU on a software programmable level. The inter­
rupt vector is also software programmable inside 
the Bus Interrupter Module. 
All of the 7 interrupt request levels of the CPU can 
be separately enabled or disabled via port B of the 
first PlfT. For example, this allows you to disable all 
interrupts on a certain IRQ level by debugging the 
application software. 
The SYSFAll and ACFAll signals of the VMEbus 
are connected to the first PlfT to eventually inter­
rupt the local CPU (if programmed) or to monitor 
the status of these signals. 

3.7 The Real Time Clock 

A software programmable Real Time Clock (RTC-
62421) with on-board battery backup is installed 
on the SYS68K1CPU-29 boards. The features of 
the Real Time Clock are listed below. 

Features of the Real Time Clock 

• Time of day and date counter included (year, 
month, week, day) 

• Built-in quartz oscillator 
• 12hr/24hr clock switch over 
• Automatic leap year setting 
• Interrupt masking 
• C-MOS design provides low power consump­

tion during power down mode. 
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The Real Time Clock is able to interrupt the local The following data transfer types are supported: 
CPU on a software programmable level (1 to 7). 

3.8 The Local Interrupt Sources 

Two Bus Interrupter Modules (BIM 68153) are in­
stalled on the SYS68K/CPU-29 to manage all the 
local interrupts. 
Each local interrupt source can be routed to one of 
the seven different IRQ levels of the CPU. The inter­
rupt vector is also software programmable. 

Local Interrupt Sources: 

1) Test Switch 
2) MPCC 1 
3) MPCC2 
4) PI/T 1 Timer 
5) PI/T 2 Timer 
6) RTC 
7) VSB-IRQ 
8) ACFAIL 
9) SYSFAIL 

The SYS68K/CPU-29 will only request bus mas­
tership for interrupt acknowledge cycles if the in­
terrupt request was a VMEbus IRQ. 

4. The VSB Interface 

The SYS68K/CPU-29 board is delivered with a full 
32 bit VSB master interface. 
Maximum data throughput is provided on the VSB 
interface by supporting 32 bit of data via the 4 Gbyte 
address range. The VSB address range is decoded 
out of the 4 Gbyte address space of the 68020. 
The following data transfer types are supported: 

A32 : 08, 016, 032 
Unaligned Transfers 
Address Only Cycles 
Read Modify Write Transfers 

The VSB interface allows to build contiguous mem­
ory beyond the local SRAM. The local control logic 
provides an access cycle to the VSB interface be­
fore addressing the VMEbus. This technique allows 
an increase of the overall throughput of systems 
using the secondary bus. If the VSB interface is not 
required, a jumper setting allows to disable it and 
forces VMEbus accesses if there is no on-board 
access cycle detected. 
The serial arbiter and the IHP Interrupt Handler 
complete the VSB interface. 

5. The VMEbus Interface 

The SYS68K/CPU-29 includes a full 32 bit VMEbus 
interface, thereby taking full advantage of the VME­
bus specification. 
The address modifier codes for A 16, A24 and A32 
addressing are fully supported. 
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Transfer Type 031-024 023-016 015-D8 07-00 

Byte x 
x 

Word x x 

Long Word x x x x 

Unaligned x x x 
Transfers x x 

x x x 

Read Modify x 
Write x x 

x x x x 

The SYS68K/CPU-29 includes the following bus 
arbitration modes: 

RWO Release when done 
ROR Release on request 
RBCLR Release on Bus Clear 
RAT Release after Timeout 

Each of the listed modes is software program­
mable inside the Gate Array. The bus request level 
of the SYS68K/CPU-29 is jumper selectable (BRO-
3). A single level arbiter, a power monitor, a SYS­
RESET generator and support for ACFAIL and 
SYSFAIL complete the VMEbus interface. 

6. The VMEPROM 

6.1 General Description 

VMEPROM is an EPROM based real time monitor. 
The complete package resides in 128 Kbyte of 
EPROM and uses a minimum of 32 Kbyte of RAM. 
VMEPROM is composed of the powerful POOS 
Real Time Kernel and the POOS file manager. Thus 
the package provides support of a highly sophisti­
cated Real Time Kernel and an interface to floppy 
and hard disk drives. 
The user interface contains more than 50 com­
mands perfectly suited for program debugging, 
host computer communications, as well as task­
and file management. In addition, it includes a 
powerful line assembler and disassembler for the 
68020 and the 68881. 

VMEPROM features: 

• Real Time Multitasking Kernel supporting up to 
64 tasks. 

• File management support for sequential, ran­
dom and shared files. Up to 64 files may be ope­
ned at the same time. 

• Line assembler/disassembler with full support 
of all 68020/68882 instructions. 
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• Over 20 commands for program debugging, in­
cluding breakpoints, tracing, processor register 
display and modify. 

• S-record up/downloading from any port defined 
in the system. 

• Disk support for RAM disk, floppy and Winche­
ster disks. Either a SYS68K/WFC-1 or a 
SYS68K1ISCSI-1 mass memory controller may 
be used. VMEPROM also allows disk formatting 
and initialization. 

• Serial I/O support for up to two SIO or ISI0-1/2 
boards in the system. 

• EPROM programming utility using the SYS68K1 
RR-2/3 boards. 

• Full screen editor. 
• 110 redirection to files or ports from the com­

mand line. 
• Over 100 system calls to the kernel are sup­

ported. 

VMEPROM 

6.2 Description of the User Interface of 
VMEPROM 

The user interface of VMEPROM allows I/O redirec­
tion to files or to any port defined within the system. 
Multiple command lines may be e~tered.o~ asingle 
command line. The user console Input IS Interrupt 
driven and allows type-ahead. Over 60 commands 
are built into the VMEPROM user interface and are 
directly accessible without destroying memory. 
The command set covers functions such as pro­
gram execution, breakpoints, tracing and a power­
ful line assembler/disassembler. Also resident are 
file system functions such as append, delete, copy, 
rename and show file. These are applicable for 
RAM disk, floppy or hard disk. The t~sk manage­
ment functions cover create task, kill task, alter 
task priority and list tasks. 
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6.3 Description of the Kernel Functions 

The kernel of VMEPROM is written in 68020 assem­
bly language for fast and efficient execution. It pro­
vides multitasking, system clock,event processing 
and memory management. Ready tasks are sched­
uled with a prioritized round-robin method. Up to 
64 tasks may be defined simultaneously. 
Semaphores and events provide a low overhead 
facility for one task to signal another. Messages 
and mailboxes are used in conjunction with task 
lock, unlock, suspend and event primitives. 

6.4 Description of the File Manager Functions 

The file manager module provides sequential, ran­
dom, read only and shared access to named files 
on RAM disk, floppy or hard disk. New files are auto­
matically defined contiguously to improve access 
speed. 

6.5 Supported VMEbus Hardware 

Upon power up, VMEPROM checks the VMEbus 
for the availability of several controller boards. 
Supported are up to two serial 110 boards and one 
disk controller. 
In addition, EPROM programming is supported by 
VMEPROM utilizing the SYS68K1RR-2/3 board 
family. 
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6.6 Target System Support 

VMEPROM can easily be used in target systems. 
For these systems, the application program can be 
put into EPROM with or without the user interface. 
The application programs can be started either by 
a command line or directly after reset without user 
input. 
The minimum EPROM space required by the VME­
PROM kernel and file manager is about 40 Kbyte. 
Small romable applications can be put in EPROMS 
easily without the overhead of the user interface. 

6.7 Development Systems 

Currently either one of the FORCE PDOS' or UNIX' 
System V development stations may be used for 
software development for VMEPROM. 
Compilers, assemblers, and libraries are available 
together with utilities for program downloading. 
These tools are well suited to help in program de­
velopment and debugging. 
The support of VMEPROM through other develop­
ment systems like the IBM-AT or the VAX is under 
development. These cross-software development 
packages will include C-compiler, assemblers for 
the 68020 and libraries to generate codes to run 
under control of VMEPROM. 

6.8 Licensing 

No license is required forVMEPROM. VMEPROM is 
delivered free of charge with every CPU-29 board. 
For more detailed information please refer to the 
SYS68KNMEPROM Data Sheet. 
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Specifications of the SVS68K1CPU-29 

Functions 

68020 CPU Frequency on: 
CPU-29XS 12.SMHz 
CPU-29X 16.7MHz 
CPU-29XB 2S.0MHz 
CPU-29XC 30.0 MHz 

6888112 FPCP Clock Frequency on: 
CPU-29XS 12.SMHz 
CPU-29X 16.7 MHz 
CPU-29XB 20.0 MHz 
CPU-29XC 2S.0MHz 

Local RAM Type SRAM 
OataPath 32 bit 
Memory Capacity 1 Mbyte 
External Battery backup for SRAMs Yes (+SV STOBy) 
No. of Wait States - CPU-29XA 1 (all cycles) 
No. of Wait States - all others o (all cycles) 

No. of EPROM Sockets 4 
OataPath 32 bit 
Max. Capacity 4 Mbyte 
No. of Wait States (minimax) 1/8 

Serial 1/0 Interfaces 2 
Used Controller 2x68S61 
RS232 compatible Yes 

Real Time Clock (Typ) 62421 
On-Board Battery Backup Yes 

24bitTimer 2 

VSB Master Interface Yes 
A32: 0(0), 08, 016, 032 Yes 
Arbiter Serial 
Interrupt Handler IHP 

VMEbus Master Interface 
A32, A24, A 16: 0(0), 08, 016, 032 Yes 
Unaligned Oata Transfers Yes 
Read-Modify-Write Cycles Yes 
Single Level Bus Arbiter Yes 
VMEbus Interrupt Handler IH 1 to 7 

RESET, TEST, CACHE, HALT Function Switches Yes 

VMEPROM Firmware on all Board Versions 128 Kbyte 

Power Requirements 
+ SVtyp/max 4.3/S.7A 
+12Vtyp/max 0.1/0.2A 
-12V typ/max 0.1/0.2A 
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Specification (cont'd) 

Function 

Operating Temperature 

Storage Temperature 

Relative Humidity 

Board Dimensions 

No. of Slots used 

Ordering Information 

SYS68K1CPU-29XS 
Part No.1 01150 

SYS68K1CPU-29X 
Part No.1 01152 

SYS68K1CPU-29XB 
Part No.1 01153 

SYS68K1CPU-29XC 
Part No. 101154 

SYS68KNMEPROM/UM 
Part No. 800140 

SYS68K1CPU-29/UM 
Part No. 800145 

SYS68K/CPU-29 

(DegreesC) Oto50 

(DegreesC) -40to85 

(noncondensing %) Oto95 

(mm) 234x160 
(in) 9.2x6.3 

1 

12.5 MHz 68020 CPU board with 1 Mbyte zero wait state 
SRAM, FPCP and VMEPROM. Documentation included. 

16.7 MHz68020 CPU board with 1 Mbytezero wait state 
SRAM, FPCP and VMEPROM. Documentation included. 

25.0 MHz 68020 CPU board with 1 Mbyte one wait state 
SRAM, FPCP and VMEPROM. Documentation included. 

30.0 MHz 68020 CPU board with 1 Mbyte zero wait state 
SRAM, FPCP and VMEPROM. Documentation included. 

User's Manual ofVMEPROM 

User's Manual for all SYS68K1CPU-29 board versions. 
VMEPROM documentation included. 
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System 68000 VME 
SYS68K I CPU·30 
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1. General Description 

The SYS68K1CPU-30 is a 68030 based CPU board 
providing as much as 4 Mbyte of Dual Ported Mem­
ory. 
A full 32 bit DMA Controller supporting data trans­
fers to/from VMEbus memory as well as to/from 
local system RAM is provided by a FORCE specific 
280 pin Gate Array installed on the board. 
The SYS68K1CPU-30 also includes the enhanced 
Floating Point Coprocessor 68882. 
Mass memory control is provided through the SCSI 
Controller and the single chip floppy disk control-

BLOCK DIAGRAM OF THE SYS68K1CPU-30 
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ler. Both are connected to the 32 bit DMA Control­
ler providing highest data throughput to connected 
mass memory devices. 
Serial communication is provided through four fully 
independent synchronous/asynchronous Multi 
Protocol Communication Channels. 
Additi<;mal feat.ure~ include up to 4 Mbyte EPROM 
capacity (32 bit wide), 32 Kbyte static RAM and a 
Real Time Clock. 
The two independent 8 bit wide VMEbus FORCE 
Message Broadcast FIFOs and the 16 VMEbus 
location monitors complete the board. 
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2. Features ofthe SYS68K1CPU-30 Boards: 

• 68030 CPU with 16.7 or 20.0 MHz clock fre­
quency. 

• 68882 FPCP with 16.7 or 20.0 MHz clock fre­
quency. 

• 32 bit high speed DMA Controller for data trans­
fers to/from the Dual Ported RAM and/or to/ 
from the VMEbus memory. 32 byte internal FIFO 
for burst DMA. 

• 1 or 4 Mbyte of dual gated dynamic RAM acces­
sed from the local CPU with 1 wait state includ­
ing byte parity generation/check. 

• The DRAM is accessible from the VMEbus side 
via the Gate Array (FGA-002). 

• 4 Serial I/O interfaces built with two Dual Univer­
sal Serial Communication Controllers. 
1 channel is RS232 and 3 channels are RS232/ 
RS422 compatible. 

• Four user EPROM devices providing up to 4 
Mbyte capacity using a 32 bit data path. 
1.wait state access possible by using 100 ns de­
vices. 

• 1 system EPROM for local booting and initiali­
zation of the I/O interface chips and the Gate 
Array. 

• 32 Kbyte of static RAM with on-board battery 
backup (8 bit data path). 

• Real Time Clock with calendar and on-board 
battery backup. 

• SCSI-interface with 2.0/4.0 Mbyte/s data trans­
fer rate using the on-board DMA Controller. 

• Floppy disk interface (SA460 compatible) for 
connection of 3,31/2 and 51/4 inch drives. 

• Two 24 bit timers with 5 bit prescaler. 
• Four 8 bit timers with 8 bit prescaler. 
• All local I/O devices are able to interrupt the lo­

cal CPU on a software programmable level. 
• BERR handling fully under software control via 

different counters for local and VMEbus acces­
ses. 

• Full 32 bit VMEbus master/slave interface sup­
porting the following data transfer types: 
Master: A32,A24,A16: 08, 016, 032 
Slave: A32, A24, A16: 08, 016, 032 
Address only 
UAT and read-modify-write cycles are also 
supported. 

• Single level VMEbus arbiter 
• SYSCLK driver 
• VMEbus Interrupt Handler (IH 1 to 7 dynamic) 
• Two independent Message Broadcast FIFOs 

for simultaneous access of up to 20 CPU boards 
installed in one rack. 

• Support for ACFAIL and SYSFAIL via software 
programmable IRQ levels. 

• Timeout counter (3 seconds), if the board does 
not receive bus mastership. 

• Bus timeout counters for local and VMEbus ac­
cesses (15 us). 

• VMEPROM, the real time monitor with file man­
~ger and Real Time Kernel (pDOS compatible) is 
Installed on each board version. 

3. Hardware Description 
3.1. The 68030 CPU 
The 68030 with its 32 bit address and data paths is 
installed on the SYS68K1CPU-30 board. 
The CPU includes a 256 byte instruction- and a 256 
byte datacache which significantly reduces the 
number of bus cycles needed for program fetches. 
A CACHE switch on the front panel allows the user 
to enable or disable the on-chip cache for software 
debugging purposes. 
The 68030 CPU accesses the Dual Ported Memory 
constantly with the insertion of only one wait state 
through the on chip MMU. 
Communication of the local I/O interfaces, local 
SRAM, and the VMEbus interface to the 68030 
CPU is provided through the specially designed 
280 pin Gate Array called FGA-002. 
The EPROM area, the Floating Point Coprocessor, 
and the dual gated RAM are directly connected to 
the CPU data and address bus interface (as shown 
in the block diagram of the SYS68K1CPU30). 
The clock frequency of the 68030 CPU is 16.7 or 
20.0 MHz. This offers, in combination with the Dual 
Ported RAM, a real computing rate of 3 - 7 MIPs. 

3.2 The Floating Point Coprocessor 

The SYS68K1CPU-30 is fitted with the enhanced 
68882 Floating Point Coprocessor (FPCP). The 
clock frequency of the CPU and the FPCP is identi­
cal. The FPCP conforms to the IEEE Floating Point 
standard 754 (draft 10.0). 
Easy floating point operation control to the copro­
cessor is provided because the intercommunica­
tion between the CPU and the FPCP is built in sili­
con. 
An internal register set inside the FPCP of 8 general 
purpose registers (80 bit wide) yields fast execution 
times. 

Features of the FPCP 
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• 8 general purpose registers (80 bit, 64 bit Man-
tissa, 15 bit exponent and one sign bit) 

• 67 bit on-chip ALU 
• 67 bit barrel shifter 
• 46 instruction types including 35 arithmetic 

operations 
• IEEE 754 standard (draft 10.0) 
• Full support of trigonometrical and logarithmic 

functions such as: 
SINE and COSINE 

, TANGENT and COTANGENT 
Hyperbolic functions (tangent, arc tangent, sine 
and cosine) 
Logarithmic functions (4) 
Square root and exponential functions (4) 



• The 68882 is fully software compatible to the 
68881 FPCP 

3.3 The Dual Ported RAM 

The SYS6BKlCPU-30 contains a dynamic RAM 
area with a capacity of 1 or 4 Mbyte. The local con­
trollogic allows to extend the Dual Ported RAM ca­
pacity to 16 Mbyte if the 4 Mbit DRAMs become 
available. The local CPU and the installed DMA 
Controller can access the DRAM constantly with 
only one wait state. RAS and CAS pre-charge times 
and the clock synchronized control logic allow ac­
cesses of the RAM every 200 ns which results in a 
4 clock access period for the CPU and the DMA 
Controller at 20.0 MHz. The bandwidth of the 
DRAM is therefore 20 Mbyte/s. 
Distributed asynchronous refresh is provided every 
15 us and each access cycle is delayed by the in­
sertion of only 4 additional clocks. 
The DRAM is also accessible from the VMEbus 
through the installed FORCE specific Gate Array 
(FGA-002). Three fully independent access ad­
dress ranges and address modifier codes are pro­
grammable from the local CPU. 
The smallest RAM area for a dual gated RAM seg­
ment is 4 Kbyte which allows partitioning of the 
dual gated RAM under software control because 
the access address ranges can be modified under 
run time in steps of 4 Kbyte. 
The DRAM is accessed from the VMEbus side by 
requesting local bus mastership from the local 
CPU via the FGA-002. After the CPU has granted 
local bus mastership to FGA-002 the access cycle 
is executed and all data are latched on read cycles, 
while a normal write cycle is executed and termi­
nated after storing data into the DRAM cells. The 
read and the write cycle is terminated on the local 
bus side and FGA-002 immediately releases bus 
mastership to the CPU while completing the fully 
asynchronous VMEbus access cycle. 
The early completion of the read and write cycle 
from the VM Ebus side to the DRAMs is twice as fast 
as to wait for the completion of the VMEbus cycle. 
This allows the local CPU to run with a minimum of 
overhead. 
The SYS68K1CPU-30 includes byte parity check 
for the local and for the VMEbus accesses. If a par­
ity error is detected on a VMEbus cycle, a BERR 
is forced to the VMEbus to inform the requestor 
about the parity error. On all local accesses a nor­
mal DSACK will be generated and an interrupt on a 
software programmable level is also generated if a 
parity error was detected. For easy software con­
trolled detection of the cycle which caused the par­
ity error the access address is stored inside FGA-
002. 
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3.4 The Local SRAM 

A 32 Kbyte static RAM is installed on all SYS68K1 
CPU-30 board versions and supports data storage 
during power down phases for up to 1 year. The 
SRAM is directly connected to the FORCE Gate 
Array I/O interface. Long, word and byte transfers 
are automatically controlled via the Gate Array. 
Normal read and write operations to the single 32K 
x B SRAM are allowed if the power is within the spe­
cification detected by a separate power sensor. 
Higher density devices (e.g. future 12BK x 8 de­
vices) may be inserted as the 32 pin socket allows 
the use of all JEDEC compatible devices. 

3.5 The EPROM Areas 

3.5.1 The USER EPROMs 

The SYS68K1CPU-30 contains four user EPROM 
sockets supporting four 28 and/or 32 pin EPROM 
devices. Maximum data throughput to the 68030 
CPU is provided through the fast decoding logic 
and separate data transceivers supporting one 
wait state operation if 100 ns devices are installed. 
The following table lists the supported device types 
and the memory capacities. 

Supported Device Types in the User EPROM 
Area: 

Device Total Memory 
Type Pins Organization Capacity 

2764 28 8Kx8 32 Kbyte 
27128 28 16Kx8 64 Kbyte 
27256 28 32KxB 128 Kbyte 
27512 28 64KxB 256 Kbyte 

271024 32 128KxB 512 Kbyte 
TBD 32 256KxB 1 Mbyte 
TBD 32 512KxB 2 Mbyte 
TBD 32 1Mx8 4 Mbyte 

3.5.2 The SYSTEM EPROM 

The SYS68K1CPU-30 board contains in addition to 
the four user EPROMs a single system EPROM to 
boot the local CPU and initialize all I/O devices and 
program the board dependent functions of the 
Gate Array FGA-002. All the presetting and initiali­
zation of the I/O devices are made through the sys­
tem EPROM to ease the adaptation of the complex 
board functions to the application needs. 

3.6 The DMA Controller 

A high speed DMA Controller is installed on the 
SYS6BKlCPU-30. It features a data transfer speed 
of up to 30 Mbyte/sec on the VMEbus while the 
data transfer speed to the Dual Ported RAM is 
20 Mbyte/sec. 
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This throughput is the effective transfer speed by 
transferring 32 bit of data. 
The SYS68K/CPU-30 allows the transfer of data 
between VMEbus memory (2 different memory 
areas), or between VMEbus memory and the Dual 
Ported RAM. -
DMA execution on the VMEbus is performed with­
out any degredation of performance for the local 
CPU. This allows a program to be run while loading 
new data into the Dual Ported RAM or writing pro­
cessed data to global RAM or 110 controller boards. 
If the data has to be stored or read to/from the Dual 
Ported RAM the DMA Controller requests bus mas­
tership from the local CPU. 
To increase the data throughput and maintain multi­
processor functionality, the DMA Controller oper­
ates in burst mode by using its 32 byte FIFO for in­
ternal data storage. The read and write operations 
are executed in 8 cycles fetching 4 byte at a time 
which result in 8 read cycles followed by 8 write 
cycles. 
This feature significantly increases data through­
put and functionality because the local CPU main­
tains the real-time capabilities by being interrupt­
able during DMA transfers on the VMEbus. 
This technology allows data transfer between the 
Dual Ported RAM and the VMEbus by first collect­
ing the data from the VMEbus, giving up bus mas­
tership and then transferring the data to the Dual 
Ported RAM. A second VMEbus board is allowed to 
transfer data on the VMEbus while the DMA Con­
troller transfers the stored data to the Dual Ported 
RAM. 
The bus release functions of the VMEbus master­
ship for the DMA Controller are software program­
mable. 
The following table shows the DMA data transfer 
capabilities of the SYS68K/CPU-30 board. 

Area 1 Area 2 CPU operation Note 

VMEbus .-. VMEbus 100% -
VMEbus .-. DPR 40- 50% 1 
VMEbus .-. SCSI 100% -
VMEbus .-. FDC 100% -
DPR .-. SCSI 60- 80% 2 
DPR .-. FDC 90% -

Note1: CPU operation depends on the transfer 
speed of the addressed VMEbus board. 

Note 2: CPU operation depends on the transfer 
speed of the SCSI device. 

The CPU can operate in parallel to the DMA Con­
troller data transfers because of the 32 byte FIFO 
and structure of the SYS68K/CPU-30. 
CPU operation means that the CPU can access all 
local I/O devices, the EPROM area as well as the 
Dual Ported RAM. Only if the CPU wants to access 

the VMEbus the CPU has to wait until the DMA 
Controller has finished its data transfers out of its 
FIFO (max 8 data transfers). 
Additionally, the DMA Controller is connected to 
the on-board SCSI and floppy disk controller allow­
ing data transfer between mass memory devices 
and the dual ported RAM or the VMEbus memory. 
The DMA Controller is installed inside the 280 pin 
Gate Array supporting 32 data and address sig­
nals. All addressing modes of the VMEbus are fully 
software programmable (AM-Codes) for the source 
and destination address. 
The DMA Controller supports aligned and unalig­
ned data transfers to odd and even addresses. The 
internal control logic first aligns the data transfers 
to take full advantage of the 32 bit bus structure. 
The data transfer speed to the VMEbus depends 
on the access time of the addressed VMEbus 
module. The effective transfer speed reaches 15 to 
20 Mbyte/s using dynamic memory boards. The 
maximum speed of 30 Mbyte/s can be achieved if 
high speed static RAM boards are used. 
The following register set shows the structure of 
the DMA Controller in more detail. 

Register Set of the DMA Controller 

~ DMA Interrupt Control 
Registers. Normal Termination. 

~ DMA Interrupt Control 
Registers. ERROR Termination. 

S I 
DMA General Control 
Register. 

S I DMA Mode Control Register. 

S I 
DMA Destination Attributes 
and AM-Code. 

S I 
DMA Source Attributes and 
AM-Code. 

32 I Source Address Register. 

32 I Destination Address Register. 

32 I Transfer Count Register. 

3.7 The Local 110 Devices 

The SYS68K/CPU-30 contains a Gate Array (FGA-
002) which builds an 8 bit local 110 interface used to 
interconnect the CPU and the I/O devices. 
The Real Time Clock, serial I/O controllers, control 
and status registers, SCSI and the floppy disk con­
troller are connected to this local 1/0 interface. 
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3.7.1'; The Serial 110 Interfaces 

Two Dual Universal Serial Communication Control­
lers (DUSCC 68562) are installed on, the SYS68K/ 
CPU-30 to communicate to terminals, computers 
or other equipment. 

Features of the DUSCC 

• Dual full-duplex synchronous/asynchronous 
receiver and transmitter 

• Multi-protocol operation consisting of: 
BOP: HDLC/ADCCP, SDLC, SDLC Loop, 

X.25 or X.75 link level 
COP: BISYNC, DDCMP, X.21 
ASYNC: 5-8 bit plus optional parity 

• Programmable data encoding formats: 
NRZ, NRZI, FMO, FM1, Manchester 

• 4 character receiver and transmitter FIFOs 
• Individual programmable baud rate for each 

receiver and transmitter 
• Digital phase locked loop 
• User programmable counter/timer 
• Programmable channel modes full/half duplex, 

auto echo, local loop back 
• Modem control signals for each channel: 

RTS, CTS, DCD 
• CTS and DCD programmable auto enables for 

Receiver (RX) and Transmitter (TX) 
• Programmable interrupt on change of CTS or 

DCD 

The I/O signal assignment of each of the four chan­
nels is listed in the following table: 

Sig- In- Out- 9PinDSUB 
nal put put Connector Description 

DCD x 1 Data Carner Detect 
RXD x 2 Receive Data 
TXD x 3 Transmit Data 
DTR x 4 Data Terminal Ready 
GND 5 SlgnalGND 
DSR x x 6 Data Set Ready 
RTS x 7 Request to Send 
CTS x 8 Clear to Send 
- - - 9 Not Connected 

The first channel is assigned to connect a terminal 
via the RS232 compatible interface. 
The remaining three channels can be configured to 
work as an RS232 or as an RS422 compatible inter­
face. R/C components can be installed to adopt 
the various cable lengths and reduce the reflec­
tions if the RS422 compatible interface is selected. 
The two DUSCCs are able to interrupt the local 
CPU on a software programmable IRQ-level (1 - 7) 
by supplying their own software programmable 
IRQ vectors (12 in total) to the local CPU. 
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3.7.2 The Real Time Clock 

A software programmable Real Time Clock (RTC-
62421) with onboard battery backup is installed on 
the SYS68K/CPU-30 boards. The features of the 
Real Time Clock are listed below. 

Features of the Real Time Clock 

• Time of day and date counter included (year, 
month, week, day) 

• Built-in quartz oscillator 
• 12hr/24hr clock switch over 
• Automatic leap year setting 
• Interrupt masking 
• C-MOS design provides low power consump­

tion during power down mode. 

The Real Time Clock is able to interrupt the local 
CPU on a software programmable level (1 to 7). 

3.7.3 The Input/Output Register 

A total of three 8 bit input ports and one 8 bit output 
port are available on the SYS68K/CPU-30. 
The first 8 bit input port is connected to the two 4 bit 
HEX rotary switches provided on the front panel for 
application dependent settings. 
The second 8 bit input port allows the jumper s~t­
tings to be read (1 or 0) on a jumperfield installed on 
the PCB. This jumperfield can be used to define the 
slot numberorto define application dependent pre­
settings. 
The third 8 bit input port allows the memory capac­
ity of the DPR to be read. Each SYS68K/CPU-30 
board has three readable status bits describing the 
memory capacity. In addition, the CPU board type 
can be read via the remaining 5 bits. 
Four LEOs are controlled via the 8 bit output port. 
The remaining 4 bits are used for board specific 
control functions. 

3.7.4 The Timers 

A total of 6 independent timers are available for the 
user. These timers offer maximum flexibility be­
cause each timer can be used to force an interrupt 
to the CPU on a software programmable IRQ-level 
(1 to 7). 
The first two timers each provide a 24 bit timer with 
an individual 5 bit prescaler. 
The next three timers are 8 bit wide and include an 
8 bit prescaler. 
The sixth timer is used to generate the SYSFAIL sig­
nal to the VMEbus. SYSFAIL can be used in multi­
processor systems to signal that one board has de­
tected a failure. This 6th timer is used as a watc~­
dog timer which needs to be triggered after a soft­
ware programmed time before signalling SYSFAIL. 
All installed timers can be used as a watchdog timer 
or can generate interrupts on a periodical basis. 
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3.7.5. The Floppy Disk Interface 

The SYS68K/CPU-30 contains a single chip floppy 
controller, the WD1772. The installed driver/recei­
ver circuits allow direct connection of 3, 3 1/2 and 
5 1/4 inch floppy drives. All I/O signals are available 

on the user defined pins of the P2 connector. The 
I/O signal assignment is compatible to the SYS68K/ 
ISCSI-1 Controller which allows the use of the 
ISC?I-1 BP for inter-connection to mass memory 
devices shown in the following picture. 

Picture of the SYS68K1CPU-30 and Mass Memory Drives 
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Features of the WD1772 Controller: 

• Built-in data separator 
• Built-in write precompensation 
• 128,256,512 or 1024 byte sector lengths 
• 51/4" single and double density 
• Programmable stepping rate (2 to 6 ms) 

The WD1772 Controller is connected via an 8 bit 
DMAbus to the DMA Controller which allows the 
transfer of data fully asynchronous to the operation 
of the CPU. 
The floppy disk controller is fully supported from the 
on-board real time monitor debugger VMEPROM. 

3.7.6 The SCSI Interface 

The MB87030 SCSI Controller with its up to 4 M­
byte/s data transfer rate is installed on the SYS68K1 
CPU-30 to interface directly to SCSI Winchester 
disks, optical drives or tape streamers. 

Features of the 87030 SCSI Controller: 

• Full support for SCSI control 
• Service of either initiator or target device 
• Eight byte data buffer register incorporated 
• Transfer byte counter (24 bit) 
• Independent control and data transfer bus 
• Asynchronous data transfer speed 2.0 Mbyte/ 

sec. 
• Synchronous data transfer speed up to 4.0 

Mbyte/sec. 

The SCSI Controller with its 8 bit DMA channel is 
directly connected to the installed DMA Controller 
(inside FGA-002) and allows the transfer of data 
with a maximum speed of 4 Mbyte/s. 
The installed DMA Controller includes a 32 byte 
FIFO which is able to wait until the 32 bytes are 
filled and then to request local bus mastership to 
transfer the data in only 8 cycles (32 bit in parallel). 
In additiontothe 32 byte DMA FIFO, the DMAchan­
nel includes a 2nd FIFO (8 byte deep) to fill the DMA 
FIFO if the DMA transfer to the main memory is tak­
ing place. This allows to transfer data on the local 
DMA bus continuously with a data rate of 4 Mbyte/s 
without any timing gaps in between. 
This technique permits the CPU to perform all real­
time capabilities, because the ratio between CPU 
and DMA operation at the maximum SCSI data 
transfer rate of 4 Mbyte/s is 63% for the CPU, 20% 
for the DMA Controller and 7% for the overhead 
(BR, BG, BGACK handshake). If the data transfer 
rate is less than 4 Mbyte/s the percentage range 
of CPU operation increases and the DMAC range 
decreases while the overhead of 7% remains un­
changed. 
The I/O signal assignment of the single ended SCSI 
interface is fully compatible to the assignment of 
the SYS68K1ISCSI-1 /1 A board. 
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The SCSI Controller on the SYS68K1CPU-30 is fully 
supported from the installed real time monitor de­
buggerVMEPROM. 

4. The VMEbus Interface 

The SYS68K1CPU-30 includes a full 32 bit VMEbus 
interface, thereby taking full advantage of the VME­
bus specification. 
The address modifier codes for A 16, A24 and A32 
addressing are fully supported in master and slave 
mode. 
In slave mode the Gate Array decodes the AM­
codes and the address signals of the VMEbus and 
signals the on-board control logic if one of the three 
independent decoding ranges are addressed cor­
rectly and If the access cycle has to be executed 
(write protection). 
The Gate Array forces the access cycle to the Dual 
Ported RAM and controls/adapts the data flow (8, 
16,24 or 32 bit of data) automatically. 
The following data transfer types are supported in 
master and slave Mode: 

Transfer Type 031-024 023-016 015-08 07-00 

Byte x 
x 

Word x x 

Long Word x x x x 

Unaligned x x x 
Transfers x x 

x x x 

Read Modify x 
Write x x 

x x x x 

The read-modify-write cycles are fully supported to 
synchronize multiple CPU boards via the Dual Por­
ted RAM. 
The access times to access the Dual Ported RAM 
from the VMEbus are listed in the following table: 

Access Times Min Type Max 

Read 280ns 340ns 440ns 
Write 280ns 330ns 430ns 

The SYS68K1CPU-30 includes a DMA Controller 
supporting high speed data transfer through the 
on-board Gate Array. DMA transfers can be perfor­
med between the Dual Ported RAM and VMEbus 
memory while the 68030 CPU is operating in its 
local program cache. 
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The SYS68K1CPU-30 includes the following bus 
arbitration modes: 

RWD 
ROR 
ROBCLR 
RAT 

Release when done 
Release on request 
Release on Bus Clear 
Release after Timeout 

In addition the board is able to request bus ma­
stership if no other board requests mastership (Re­
qyest on No Request-RNR). 
Each of the listed modes is software program­
mable inside the Gate Array. The bus request level 
of the SYS68K1CPU-30 is jumper selectable (BRO-
3). A single level arbiter, a power monitor, a SYS­
RESET generator and support for ACFAIL and 
SYSFAIL complete the VMEbus interface. 
The installed location monitor and the Message 
sroadcast on VME are briefly described in the next 
two sections. 

5. The Location Monitors 

The SYS68K1CPU-30 includes 16 location moni­
tors. Each of these location monitors allows an in­
terrupt to be forced to the local 68030 CPU. The 
interrLJpt level of each location monitor is software 
programmable and an individual interrupt vector 
for each location monitor is forced to the CPU. 
This function allows the triggering of multiple CPU 
boards via one master by only fetching an interrupt 
v.ector on the local bus and leaving the VMEbus 
free for data transfers. 
In addition, the location monitor bits can be used to 
synchronize multiple CPUs via standard read cyc­
les by internally forcing a read modify write cycle. 
This allows various CPUs on the VMEbus to be 
synchronized (for example a 68030 and a 80386 
CPU-board). 

6. The Message Broadcast 

The SYS68K1CPU-30 board provides two fully in­
dependent Unique Message Broadcast functions 
which are implemented within the Gate Array. 
The FORCE Message Broadcast (FMB) allows the 
simultaneous addressing and interrupting of all 
CPU boards installed in a VMEbus environment. It 
stores an 8 bit message in an 8 stage deep FIFO. 
The Message Broadcast complies fully to the VME­
bus specification and minimizes the time overhead 
required to interrupt all installed CPU boards in a 
system. 
If, for example, 16 boards are installed in a system 
without FMB, the minimum time required to inter­
rupt all of them is 16 times an access cycle to each 
of their location monitors. If no location monitors 
are available then the IRQ signals of the VMEbus 
have to be used. This results in a maximum number 
of 7 boards to be synchronized (7 IRQ levels). The 
time required to interrupt all of them is enormous 

because each board has to request bus mastership 
and initiate an interrupt acknowledge cycle. This 
results in a pig timing gap between the different 
CPU boards being interrupted. 
The FMB allows each of the maximum 21 defined 
boards in the system to be addressed, and to inter­
rupt one, sOlT!e or all of them, sending the addre~­
sed boards an 8 bit message. 
The FM6 therj3fore allows any board(s) to be trigge­
red at the same time by fetching the interrupt vec­
tor on thEllocal bus leaving the VMEbus free for ac­
tivities of other bus masters. 
Each participant of the FMB stores the single byte 
message in its 8 byte deep FIFO (inside the Gate 
Array) and at the same time interrupts the local 
CPU on a software programmable level (1 to 7). 
Each of the two, fully independent FIFOs is desig­
ned to allow as many as 8 messages to be sent to 
multiple participants within a short time frame. The 
messages can be read by the local CPU after the 
interrupt has been acknowledged. 
The FMB byte is user defined to allow maximum 
flexibility ardto adapt the various requirements to 
the user needs. 
The most important feature of the FMB is that each 
32 bit VMEbus based CPU available on the market 
can sen~ this message byte to a FORCE board 
supporting the FMB function. 
No special motherboard or extended address modi­
fier capabilities are needed because only the de­
fined signals,· timings and data transfer types are 
used to perform the FMB. 
Each mf;lster can define the board(s) which are to 
receive thEl FMB byte on an individual basis. The 
hardware inside the Gate Array decodes the infor­
mation from the used address and performs the 
cycle. 
The data transfer of the FMB is completed in less 
than 330 ns for all CPU boards which results in a 
maximum data bandwidth (theoretical) of 20 x 3 
Mbyte/s = 60 Mbyte/s. 
A patent on the FMB is pending. 
The FORCE Message Broadcast is described in 
detail in the SYS68K1FMB Data Sheet while the 
general block diagram is shown below. 
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BLOCK DIAGRAM OF THE FORCE MESSAGE BROADCAST 

RAM liD liD 

7. The Interrupt Structure 

The Gate Array installed on the SYS68K1CPU-30 
handles all local and VMEbus interrupts. Each in­
terrupt request from the local bus through the SCSI 
and floppy disk controller, the DUSCC, RTC and 
the two timers, as well as the Gate Array specific in­
terrupt requests, are combined with the 7 VMEbus 
interrupt requests. 
Each IRQ source including the VMEbus IRQs can 
be programmed to interrupt the CPU on an individ­
ual programmable level (1 to 7). 
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The Gate Array supports the vector, or initiates an 
interrupt vector fetch from the 1/0 device or from 
the VMEbus. 
In addition to the local interrupts, the ACFAIL and 
SYSFAIL signals can be used to interrupt the CPU 
on a software programmable level. 
This results in a total of 42 individuallRQs handled 
through the Gate Array on the SYS68K1CPU-30 
board. 
The Gate Array supplied interrupt vectors have a 
basic vector and fixed increments for each source. 
The basic vector is software programmable. 



SYS68K/CPU-30 

8. The Memory Map 
The memory map of the SYS68K1CPU-30 is listed 
in the following table: 

Start End Type Address Address 

00000000 003FFFFF Dual Ported Memory 
(4 Mbyte) 

00400000 F9FFFFFF VMEbusAddresses 
A32: 032, 024, 016, DB 

FAOOOOOO FAFFFFFF Message Broadcast Area 
(Slave and Master Mode) 

FBOOOOOO FBFEFFFF VMEbus 
A24: 032, 024, 016, DB 

FBFFOOOO FBFFFFFF VMEbus 
A16:032,024,016,OB 

FCOOOOOO FCFEFFFF VMEbus 
A24: 016, DB 

FCFFOOOO FCFFFFFF VMEbus 
A16:016,OB 

FOOOOOOO FDFFFFFF Reserved 

FEOOOOOO FEFFFFFF Reserved 

Start End Capac- Type Address Address ity 

FFOOOOOO FF7FFFFF BMbyte USER-EPROM 

FFBOOOOO FFBFFFFF 1 Mbyte Local 1/0 

FFCOOOOO FFCFFFFF 1 Mbyte LOCALSRAM 

FFOOOOOO FFOFFFFF 1 Mbyte Registers of 
FGA-002 

FFEOOOOO FFEFFFFF 1 Mbyte SYSTEM 
EPROM 

FFFOOOOO FFFFFFFF 1 Mbyte Reserved 

9. The VMEPROM 

9.1. General Description 

VMEPROM is an EPROM based real time monitor. 
The complete package resides in 128 Kbyte of 
EPROM and uses a minimum of 32 Kbyte of RAM. 
VMEPROM is composed of the powerful POOS 
Real Time Kernel and the POOS file manager. Thus 
the package provides support of a highly sophisti­
cated Real Time Kernel and an interface to floppy 
and hard disk drives. 

The user interface contains more than 50 com­
mands perfectly suited for program debugging, 
host computer communications, as well as task­
and file management. In addition, it includes a 
powerful line assembler and disassembler for the 
68030 and the 68882. 

VMEPROM features: 

• Real Time Multitasking Kernel supporting up to 
64 tasks. 

• File management support for sequential, ran­
dom and shared files. Up to 64 files may be ope­
ned at the same time. 

• Line assembler/disassembler with full support 
of all 68030/68882 instructions. 

• Over 20 commands for program debugging, in­
cluding breakpoints, tracing, processor register 
display and modify. 

• S-record up/downloading from any port defined 
in the system. 

• Disk support for RAM-disk, floppy and Winches­
ter disks. Either a SYS68K1WFC-1 or a SYS68K1 
ISCSI-1 mass memory controller may be used. 
The local SCSI and floppy disk controller are 
also supported. VMEPROM also allows disk for­
matting and initialization. 

• Serial I/O support for up to two SIO or ISI0-1/2 
boards in the system. 

• EPROM programming utility using the SYS68K1 
RR-2/3 boards. 

• Full screen editor. 
• I/O redirection to files or ports from the com­

mand line. 
• Over 100 system calls to the kernel are suppor­

ted. 

9.2. Description of the User Interface of 
VMEPROM 

The user interface of VM EPROM allows I/O redirec­
tion to files or to any port defined within the system. 
Multiple command lines may be entered on a single 
command line. The user console input is interrupt 
driven and allows type-ahead. Over 60 commands 
are built into the VMEPROM user interface and are 
directly accessible without destroying memory. 
The command set covers functions such as pro­
gram execution, breakpoints, tracing and a power­
ful line assembler/disassembler. Also resident are 
file system functions such as append, delete, copy, 
rename and show file. These are applicable for 
RAM disk, floppy or hard disk. The task manage­
ment functions cover create task, kill task, alter 
task priority and list tasks. 
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9.3. Description of the Kernel Functions 

The kernel of VMEPROM is written in 68030 assem­
bly language for fast and efficient execution. It pro­
vides multitasking, system clock,event processing 
and memory management. Ready tasks are sched­
uled with a prioritized round-robin method. Up to 
64 tasks may be defined simultaneously. 
Semaphores and events provide a low overhead 
facility for one task to signal another. Messages 
and mailboxes are used in conjunction with task 
lock, unlock, suspend and event primitives. 

9.4. Description of the File Manager Functions 

The file manager module provides sequential, ran­
dom, read only and shared access to named files 
on RAM disk, floppy or hard disk. New files are auto­
matically defined contiguously to improve access 
speed. 

VMEPROM 
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9.5. Supported VMEbus Hardware 

Upon power up, VMEPROM checks the VMEbus 
for the availability of several controller boards. 
Supported are up to two serial 110 boards, and one 
disk controller. 
In addition, EPROM programming is supported by 
VMEPROM utilizing the SYS68K/RR-2/3 board 
family. 
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9.6. Target System Support 

VMEPROM can easily be used in target systems. 
For these systems, the application program can be 
put into EPROM with or without the user interface. 
The application programs can be started either by 
a command line or directly after reset without user 
input. 
The minimum EPROM space required by the VME­
PROM kernel and file manager is about 40 Kbyte. 
Small rornable applications can be put in EPROMS 
easily without the overhead of the user interface. 

9.7. Development Systems 

Currently either one of the FORCE PDOS' or UNIX' 
System V development stations may be used for 
software development for VMEPROM. 
Compilers, assemblers, and libraries are available 
together with utilities for program downloading. 
These tools are well suited to help in program de­
velopment and debugging. 
The support of VMEPROM through other develop­
ment systems like the IBM-AT or the VAX is under 
development. These crosssoftware development 
packages will include C-compiler, assemblers for 
the 68030 and libraries to generate code to run 
under control of VMEPROM. 

9.B. Licensing 

No license is required forVMEPROM. VMEPROM is 
delivered free of charge with every CPU-30 board. 
For more detailed information please refer to the 
SYS68K1VMEPROM Data Sheet. 
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10. Specification 

Function 

68030 CPU Frequency on: 
CPU-30X 16.7MHz 
CPU-30XA/ -30ZA 20.0 MHz 

68882 FPCP Frequency on: 
CPU-30X 16.7MHZ 
CPU-30XA/-30ZA 20.0MHz 

DMA Controller: CPU-30X 16.7MHz 
CPU-30XA/-30ZA 20.0MHz 

Internal FIFO 32 byte 
Max. Data TransferThroughput 30 Mbyte/s 

Dual Ported RAM Type DRAM 
Byte Parity yes 
DPR Capacity: CPU-30X/-30XA 1 Mbyte 

CPU-30ZA 4 Mbyte 
No. of Wait States for al.1 CPU and DMA Cycles 1 

SRAM Capacity 32 Kbyte 
On-Board Battery Backup yes 

No. of EPROM Sockets 4 
Data Paths 32 bit 
Max. Capacity 4 Mbyte 
No. of Wait States (min/max) 1/6 

Serifl! I/O Interfaces (total) 4 
Used Controller 2 x 68562 

RS232 compatible 1 
RS232/RS422 compatible 3 

Real Time Clock (Typ) 62421 
On-Board Battery Backup yes 

SCSI Controller Chip 87030 
SCSI Interface Single ended 
Data Transfer Rate asynchronous 2 Mbyte/s 

synchronous 4 Mbyte/s 
Connection to DMA Controller yes 
I/O Signals routed to P2 

Floppy Disk Controller Chip 1772 
Interface SA460 
Connection to DMA Controller yes 
I/O Signals routed to P2 
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10. Specification (cont'd) 

Function 

VMEbus Interface 
Master: A32,A24,A16:D8, 016, 032, 0(0), UAT yes 
Slave: A32,A24,A16:D8, 016, 032, 0(0), UAT yes 

Software Programmable Access Address and Address Modifier Code yes 
No. of different Areas for Dual Ported RAM 3 
DPR Read Access Time (Typ) 340ns 

Write Access Time (Typ) 330ns 
Single Level Bus Arbiter yes 
SYSCLK Driver yes 
16 Location Monitors yes 

FORCE Message Broadcast 
FMB-FIFO 1 8 byte 
FMB-FIF02 8 byte 

Timers 
24 bit with 5 bit Prescaler 2 

8 bit with 8 bit Prescaler 3 
8 bit with 8 bit Prescaler (Watchdog Timer for SYSFAIL) 1 

VMEbus Interrupt Handler 1 to 7 
Local Bus Interrupt Handler 1 to 7 
All Sources can be routed to a Software programmable IRQ Level yes 
Total Numberof IRQ Sources 42 

RESET, TEST, RUN and CACHE Switch yes 

VMEPROM Firmware installed on all Board Versions 128 Kbyte 

Power Requirements 
+ 5Vmin/max 4.2/5.9A 
+12Vmin/max 0.1/0.3A 
-12Vmin/max 0.1/0.3A 

Operating Temperature (DegreesC) Ot050 
Storage Temperature (DegreesC) -40to85 
Relative Humidity (non-condensing in %) Ot095 

Board Dimensions (mm) 234x 160 
(in) 9.2 x 6.3 

No. of Slots used 1 
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Ordering Information 

SYS68K1CPU-30X 
Part No.1 01300 

SYS68K1CPU-30XA 
Part No.1 01301 

SYS68K1CPU-30ZA 
Part No.1 01302 

SYS68KNMEPROM/UM 
Part No. 800140 

SYS68K1CPU-30/UM 
Part No. 800146 

16.7 MHz 68030 based CPU board with 68882 FPCP, 
DMAC, 1 Mbyte Dual Ported RAM capacity and 
VMEPROM. Documentation included. 

20.0 MHz 68030 based CPU board with 68882 FPCP, 
DMAC, 1 Mbyte Dual Ported RAM capacity and 
VMEPROM. Documentation included. 

20.0 MHz 68030 based CPU board with 68882 FPCP, 
DMAC, 4 Mbyte Dual Ported RAM capacity and 
VMEPROM. Documentation included. 

VMEPROM User's Manual 

User's Manual for the SYS68K1CPU-30 products, 
including VMEPROM User's Manual. 

Note: SYS68K1CPU-30 board versions without the 68882 FPCP are available upon special request. 
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System 68000 VME 
SYS68K I CPU·31 
Multiprocessor 
68030 based CPU board 

• 16.67 or 20.0 MHz 68030 CPU 
• On board Memory Management Unit 
• DMA, Message Passing, Location Monitors 
• 256 Kbyte/1 Mbyte Dual Ported RAM 
• VSB Interface 
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1. General Description 
The SYS68K1CPU-31 is a 68030 based CPU-board 
especially designed for multiprocessor applica­
tions. The Supreme Dual Ported RAM supports 
constant zero wait state access of the 68030 CPU 
to the S-DPR while the RAM is also accessed from 
the VMEbus side. The high speed fully dual ported 
and dual buffered static RAM with a capacity of 256 
Kbyte or 1 Mbyte also supports read and write pro­
tection for three individual memory areas from the 
VMEbus side. 
The SYS68K1CPU-31 also includes the 68882 en­
hanced Floating Point Coprocessor and a full 32 bit 
DMA Controller which is built inside the 280 pin 
FORCE specific Gate Array. The DMA Controller 
can transfer data fully in dependant from the opera­
tion of the local CPU. 
BLOCK DIAGRAM OF THE SYS68K1CPU-31 
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Special multiprocessor functions are the 2 inde­
pendent 8 bit wide Message Broadcast FIFOs, and 
the 16 location monitors. Each supports the inter­
ruption of the local CPU on a software programm­
able level. 
Additional features include the up to 4 Mbyte 
EPROM capacity (32 bit wide), the 2 multi-protocol 
serial I/O links, the 32 Kbyte battery backed up 
SRAM and the Real Time Clock/Calender. 
The 32 bit VSB interface with its 4 Gbyte address 
range completes the board. 

P3 
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2. Features of the SYS68K1CPU-31 boards: 
• 68030 CPU with 16.7 or 20.0 MHz clock fre­

quency. 
• 68882 Floating Point Coprocessor with 16.7 or 

20.0 MHz clock frequency. 
• 32 bit OMA Controller supporting data transfer 

speeds of up to 30 Mbyte/s (memory to mem­
ory). 32 byte intemal FIFO for burst OMA. 

• 256 Kbyte or 1 Mbyte constant zero wait state 
static RAM dual ported to the VMEbus with three 
fully independent software programmable ac­
cess address ranges and Write/Read protection. 

• Four user EPROM sockets for up to 4 Mbyte 
EPROM capacity supporting the 28 and 32 pin 
JEOEC standard-one wait state operation from 
EPROMs by using 100 ns devices. 

• One system EPROM socket for local booting 
and initialization of the I/O and the Gate Array. 

• 32 Kbyte of static RAM with on-board battery 
backup and power fail detection logic. 

• Real Time Clock/Calender with battery backup. 
• Two multi-protocol serial I/O channels with 

SOLC, HOLC and asynchronous protocols -
RS232 compatible (one RS422 configurable). 

• Two 24 bit timers with 5 bit prescaler - each ti­
mer may interrupt the 68030 CPU on a software 
programmable level (1 to 7). 

• Three 8 bit timers with an 8 bit prescaler also 
supporting interrupts to the 68030 CPU on a 
software programmable level (1 to 7). 

• One 8 bit timer with an 8 bit prescaler used as a 
watchdog timer to force a SYSFAIL to the VME­
bus (software selectable). 

• BERR handling fully under software control via 
different counters for local, VMEbus and se­
condary bus accesses. 

• Full 32 bit VMEbus master interface supporting 
the following data transfer types: 
A32,A24,A16:08, 016, 032 
UAT, RMW and address only cycles. 

• Full 32 bit VMEbus slave interface to the Dual 
Ported RAM supporting the following data 
transfer types: 
A32, A24 : 08, 016, 032 
UAT, and address only cycles 

• Single level bus arbiter 
• SYSCLK driver 
• VMEbus Interrupt Handler (IH 1 to 7 dynamic) 
• Two independent Message Broadcast FIFOs 

for simultaneous access of up to 20 CPU boards 
installed in one RACK. 

• 16 software programmable location monitors 
supporting 16 different interrupt vectors on indi­
vidual software programmable levels (1 to 7). 

• Support for ACFAIL and SYSFAIL via software 
programmable IRQ-levels. 

• Timeout counter (3 seconds), if the board does 
not receive VMEbus mastership. Software se­
lectable in parallel to the standard bus error 
counters. 

• VSB interface supporting 8, 16 and 32 bit data 
transfers is installed on the board. 

• VMEPROM the real time monitor with file man­
ager and Real Time Kemel (pOOS compatible) IS 
installed on each board version. 

3. HARDWARE DESCRIPTION 
3.1 The 68030 CPU 
The 68030 with its 32 bit address and data paths is 
installed on the SYS68K1CPU-31 board. 
The CPU includes a 256 byte instruction- and a 256 
byte datacache which significantly reduces the 
number of bus cycles needed for program fetches. 
A CACHE switch on the front panel allows the user 
to enable or disable the on-chip cache for software 
debugging purposes. 
To achieve maximum performance, the 68030 CPU 
accesses the Dual Ported Memory constantly with­
out the insertion of wait states, through the on chip 
MMU. 
Communication with the local I/O interfaces, local 
SRAM, and the VMEbus interface is provided 
through the specially designed 280 pin Gate Array. 
The EPROM area, the Floating Point Coprocessor, 
the Dual Ported RAM and the VSBbus interface are 
directly connected to the CPU data and address 
bus interface (as shown in the block diagram of the 
SYS68K1CPU-31). 
The clock frequency of the CPU is 16.7 or 20.0 

MHz. This offers, in combination with the Dual Por­
ted RAM, a real computing rate of 3-8 MIPs. 

3.2 The Floating Point Coprocessor 
The SYS68K1CPU-31 is fitted with the enhanced 
68882 Floating Point Coprocessor (FPCP). The 
clock frequency of the CPU and the FPCP is ident­
ical. The FPCP conforms to the IEEE Floating Point 
standard 754 (draft 10.0). 
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Easy floating point operation control to the copro­
cessor is provided because the intercommunica­
tion between the CPU and the FPCP is built in sili­
con. 
An intemal register set inside the FPCP of 8 general 
purpose registers (80 bit wide) yields fast execution 
times. 



Features of the FPCP 
• 8 general purpose registers (80 bit, 64 bit 

Mantissa, 15 bit exponent and one sign bit) 
• 67 bit on-chip ALU 
• 67 bit barrel shifter 
• 46 instruction types including 35 arithmetic 
. operations 

• IEEE 754 standard (draft 10.0) 
• Full support of trigonometrical and logarithmic 

functions such as: 
SINE and COSINE 
TANGENT and COTANGENT 
Hyperbolic functions (TANGENT, ARC 
TANGENT, SINE and COSINE) 
Logarithmic functions (4) 
Square root and exponential functions (4) 

• The 68882 is fully software compatible to the 
68881 FPCP 

BLOCK DIAGRAM OF THE S-DPR 

CPU ADDRESS SIGNALS 
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3.3 The Dual Ported RAM 
The SYS68K1CPU-31 contains a Supreme Dual 
Ported static RAM design called S-DPR, which 
constantly supports zero wait state accesses of the 
local CPU. All accesses of the 68030 CPU to the 
S-DPR are immediately serviced while the VMEbus 
accesses are forced to the S-DPR between the 
68030 access cycles. 
This technique allows the SYS68K1CPU-31 to guar­
antee a constant run time of all programs regardless 
of whether an access to the S-DPR from another 
VMEbus board is forced or not. 
The bandwidth of the S-DPR for the local CPU is 25 
Mbyte/sec plus 15 Mbyte/sec for the VMEbus. This 
results in a total S-DPR bandwidth of 40 Mbyte/sec. 
A detailed block diagram of the S-DPR control 
mechanism and a global timing diagram are outli­
ned below. 
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Timing Diagram of the S-DPR 

ClKCPU 
(20MHz) 

50 51 52 53 54 55 

AS CPU ------~--------~ 

DSACK 011 CPU 

50 51 52 53 54 55 50 

~~:~SCY(le '--______ -L ____ ---L ___ VM __ EA_cc_e_ss __ -------' _____ -'---___ -----" 

DSVME -----,L _________________ ___ 

DTA(KVME -------------------~~~--------~ 

A key advantage of the S-DPR technology is that 
the SYS68K1CPU31 can be used in critical real­
time applications without loosing the real-time ca­
pabilities through external accesses to the S-DPR. 
Alternative technologies such as the dual gated 
mechanism (the CPU is halted during the VMEbus 
accesses) or the dual buffered function (alternative 
access to the DPR while one requester is waiting 
until the RAM is unused) cannot guarantee con­
stant zero wait state operation. In non - S-DPR 
configurations the CPU normally waits or is halted 
during a VMEbus access cycle which results in a 
decreased CPU throughput. 
The SYS68K1CPU-31 indeed combines the highest 
possible throughput (zero wait state accesses) with 
the Dual Ported RAM structure without decreasing 
performance at a CPU clock frequency of 16.7 or 
20.0 MHz. 
The memory capacity is 256 Kbyte, or 1 Mbyte de­
pending on the board version. 
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Increasing the memory capacity from 256K to 1 
Mbyte is possible by exchanging the SYS68K1 
SMDP-05 memory module with a SYS68K1SMDP-
06 module. The SYS68K1SMDP-06 board holds 
1 Mbyte RAM. The SMDP-06 board has the same 
dimensions as the SMDP-05 and can easily be in­
stalled. 
Underneath the SYS68K1SMDP-05/06 boards only 
passive components such as resistors and capac­
itors are installed to guarantee correct operation for 
an ambient temperature range of 0 to +50 degrees C. 
The access address of the S-DPR is fully software 
programmable through the installed Gate Array 
within the 4 Gbyte address range. 
Address and address modifier decoding for the 
VMEbus accesses is software programmable 
through the Gate Array. Three independent areas, 
in 4 Kbyte increments, can be defined by the on­
board CPU. 



Each of the three independent memory areas for­
ces a data transfer cycle to the S-DPR under the 
software programmed address range where the S­
DPR resides. In addition , each of the three S-DPR 
address ranges can be read and write protected 
under software control during run time. 

3.4 The Local SRAM 
A 32 Kbyte static RAM is installed on all SYS68K1 
CPU-31 board versions and supports data storage 
during power down phases for up to 1 year. The 
SRAM is directly connected to the FORCE Gate 
Array I/O interface. Long, word and byte transfers 
are automatically controlled via the Gate Array. 
Normal read and write operations to the single 
32Kx8 SRAM are allowed if the power is within the 
specification detected by a separate power sensor. 
Higher organ ized devices compatible to the JEDEC 
standard (i.e. 128Kx8 devices) can be installed in 
the 32 pin socket. 

PHOTO OF THE SMDP-OS BOARD 
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3.S The EPROM Areas 
3.S.1 The USER EPROMs 
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The SYS68K1CPU-31 contains four user EPROM 
sockets supporting four 28 or 32 pin EPROM devi­
ces. Maximum data throughput to the 68030 CPU 
is provided through the fast decoding logic and 
separate data transceivers supporting one wait 
state operation if 100 ns devices are installed. The 
following table lists the supported device types and 
the memory capacity. 

Supported Device Types in the User EPROM Area: 

Device Pins Organization 
Total 

Type Memory Capacity 

2764 28 8K x 8 32 Kbyte 
27128 28 16Kx8 64 Kbyte 
27256 28 32Kx8 128 Kbyte 
27512 28 64Kx8 256 Kbyte 

271024 32 128K x 8 512 Kbyte 
TBD 32 256K x 8 1 Mbyte 
TBD 32 512K x 8 2 Mbyte 
TBD 32 1 Mx8 4 Mbyte 



3.5.2 The SYSTEM EPROM 
The SYS68K1CPU-31 board contains in addition to 
the four user EPROMs a single system EPROM to 
boot the local CPU, initialize all I/O devices and 
program the board dependent functions of the 
Gate Array FGA-002. All the presetting and initial­
ization of the I/O devices are made through the sys­
tem EPROM to ease the adaptation of the complex 
board functions to the application needs. 

3.6 The DMA Controller 
A high speed DMA Controller is installed on the 
SYS68K1CPU-31 and features a data transfer 
speed of up to 30 Mbyte/s. . 
This throughput is the effective transfer speed 
which assumes zero wait state accesses by trans­
ferring 32 bit of data. 
The SYS68K1CPU-31 allows the transfer of data 
between memory (2 different memory areas) and 
between VSBNMEbus memory and the S-DPR, as 
listed below. 

Possible Data Transfers for the DMA Controller. 

Area 1 Area 2 CPU Operation Note 

VMEbus .--t VMEbus 100% -
VMEbus .-t S-DPR 60- 40% 1 

VSB '-t VSB 0% -
VSB '-t S-DPR 60- 40% 1 

VSB .-. VMEbus 60- 40% 1 

S-DPR .-t S-DPR 0% -

Note 1: Dependent on the speed ofthe addressed 
boards 

The center row lists the time (percentage wise) in 
which the local CPU is operable and able to access 
the local I/O devices, EPROM areas and the S-DPR, 
while the DMA Controller transfers data. Only if the 
local CPU wants to access the VSB or the VM Ebus 
does the CPU have to wait until the DMA Controller 
has finished the maximum 8 data transfers from it's 
FIFO. 
For instance, the local CPU can access the EPROM 
area, local system RAM and all I/O devices whilethe 
DMA Controller is transferring data on the VMEbus 
without interfering with the activities of the CPU. 
This feature significantly increases data through­
put and functionality because the local CPU main­
tains the real-time capabilities by being interrupt­
able during DMA transfers. 
To increase the data throughput and maintain mul­
tiprocessor functionality, the DMA Controller ope­
rates in burst mode by using its 32 byte FIFO for in­
ternal data storage. The read and write operations 
are executed in 8 cycles fetching 4 bytes at a time 
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which result into 8 read cycles followed by 8 write 
cycles. The DMA Controller supports the transfer of 
data on unaligned addresses, as an internal control 
mechanism is installed to align the data transfers to 
32 bit accesses if possible. 
This technology allows to transfer data between 
the S-DPR and the VSB or VMEbus by first collec­
ting the data from the VSB or VMEbus, giving up 
bus mastership and then transferring the data to 
the S-DPR. A second VSB or VMEbus board is al­
lowed to transfer data on the VSB or VMEbus while 
the DMA Controller transfers the stored data to the 
S-DPR. 
The bus release functions of the VMEbus master­
ship of the DMA Controller is software programm­
able. 
The DMA Controller is installed inside the 280 pin 
Gate Array supporting 32 data and address sig­
nals. All addressing modes of the VMEbus are fully 
software programmable (AM-Codes) for the 
source and destination address. 
The data transfer speed between the S-DPR and 
the VSBNMEbus depends on the access time of 
the addressed VSBNMEbus module. 
The effective transfer speed reaches 15 to 20 
Mbyte/s using standard VSB or VMEbus memory 
boards. Peak performance of 30 Mbyte/s is achie­
ved if high speed static RAM boards are used. 
The following register set shows the structure of 
the DMA Controller in more detail. 

Register Set of the DMA Controller 

~ DMA Interrupt Control 
Registers. Normal Termination. 

~ DMA Interrupt Control 
Registers. ERROR Termination. 

S I 
DMA General Control 
Register. 

S I DMA Mode Control Register. 

S I 
DMA Destination Attributes 
and AM-Code. 

S I 
DMA Source Attributes and 
AM-Code. 

32 I Source Address Register. 

32 I Destination Address Register. 

32 I Transfer Count Register. 
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3.7 The Local 110 Devices 
The Gate Array installed on the SYS68K1CPU-31 
includes an 8 bit local I/O bus interface. 
The Real Time Clock, the serial I/O controller and 
the port read/write functions are directly connec­
ted to this I/O interface. 

3.7.1 The Serial 110 Interfaces 
A Dual Universal Serial Communication Controller 
(DUSCC 68562) is installed on the SYS68K1CPU-31 
to communicate via two serial interfaces to termi­
nals, printers, computers or other equipment. 

Features of the DUSCC 
• Dual full-duplex synchronous/asynchronous re­

ceiver and transmitter 
• Multi-protocol operation consisting of: 

BOP: HDLC/ADCCP, SDLC, SDLC Loop, 
X.25 or X.75 link level 

COP: BISYNC, DDCMP, X.21 
ASYNC: 5-8 bit plus optional parity 

• Programmable data encoding formats: 
NRZ, NRZI, FMO, 
FM1, Manchester 

• 4 character receiver and transmitter FIFOs 
• Individual programmable baud rate for each 

receiver and transmitter 
• Digital phase locked loop 
• User programmable counter/timer 
• Programmable channel modes full/half 

duplex, auto echo, localloopback 
• Modem control signals for each channel: 

RTS, CTS, DCD 
• CTS and DCD programmable auto enables for 

Receiver (RX) and Transmitter (TX) 
• Programmable interrupt on change of CTS or 

DCD 

The I/O signal assignment of each of the two chan­
nels is listed in the following table: 

Sig- In- Out- gPinDSUB Description nal put put Connector 

DCD x 1 Data Carrier Detect 
RXD x 2 Receive Data 
TXD x 3 Transmit Data 
DTR x 4 Data Terminal Ready 
GND 5 SignalGND 
DSR x x 6 Data Set Ready 
RTS x 7 Request to Send 
CTS x 8 Clear to Send 
- - - 9 Not Connected 

The first channel is assigned to connect a terminal 
via the RS232 compatible interface. 
The second channel can be configured to work as 
a RS232 or as a RS422 compatible interface. R/C 
components can be installed to adapt to various 
cable lengths and reduce reflections if the RS422 
compatible interface is selected. 
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The DUSCC is able to interrupt the local CPU on a 
software programmable IRQ-level (1-7) by supply­
ing its own software programmable IRQ vectors (6 
in total) to the local CPU. 

3.7.2 The Real Time Clock 
A software programmable Real Time Clock (RTC-
62421) with onboard battery backup is installed on 
the SYS68K1CPU-31 boards. The features of the 
Real Time Clock are listed below. 

Features of the Real Time Clock 
• Time of day and date counter included (year, 

month, week, day) 
• Built-in quartz oscillator 
• 12hr/24hr clock switch over 
• Automatic leap year setting 
• Interrupt masking 
• C-MOS design provides low power consump-

tion during power down mode. 
The Real Time Clock is able to interrupt the local 
CPU on a software programmable level (1 to 7). 

3.7.3 The Input/Output Register 
A total of three input and one 8 bit output port is 
available on the SYS68K1CPU-31. 
The first 8 bit input port is connected to the two 4 bit 
H EX rotary switches available on the front panel for 
configuration purposes. 
The second 8 bit input port allows the jumper set­
tings to be read (1 or 0) on a jumperfield installed on 
the PCB. This jumperfield can be used to define the 
slot number or to define application dependent 
pre-settings. 
The third 8 bit input port allows the memory capac­
ity of the S-DPR to be read. Each SYS68K1SMDP 
board has three readable status bits describing the 
memory capacity. In addition, the CPU board type 
can be read via the remaining 5 bits. 
Four LEOs are controlled via the 8 bit output port. 
The remaining 4 bits are used for board specific 
control functions. 

3.7.4 The Timers 
A total of 6 independent timers are available for the 
user. These timers offer maximum flexibility be­
cause each timer can be used to force an interrupt 
to the CPU on a software programmable IRQ-level. 
The first two timers each provide a 24 bit timer with 
an individual 5 bit prescaler.The next three timers 
are 8 bit wide and include an 8 bit prescaler. 
The sixth timer is used to generate the SYSFAIL sig­
nal to the VMEbus. SYSFAIL can be used in multi­
processor systems to signal that one board has de­
tected a failure. This 6th timer is used as a watch­
dog timer which needs to be triggered after a soft­
ware programmed time before signalling SYSFAIL. 
All installed timers can be used as a watchdog timer 
or can generate interrupts on a periodical basis. 
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4. The VMEbus Interface 
The SYS68K/CPU-31 includes a full 32 bit VMEbus 
interface, thereby taking full advantage of the VME­
bus specification. 
The address modifier codes for A 16, A24 and A32 
addressing are fully supported in master and slave 
mode. In slave mode the Gate Array decodes the 
AM-codes and the address signals of the VMEbus 
and signals the on-board control logic if one of the 
three independent decoding ranges are addressed 
correctly and if the access cycle has to be executed 
(read/write protection). 
The Gate Array forces the access cycle to the S­
DPR and controls/adapts the data flow (8, 16,24 or 
32 bit of data) automatically. 
The following data transfer types are supported in 
master and slave mode: 

Transfer Type 031-024 023-016 015-08 07-00 

Byte x 
x 

Word x x 

Long Word x x x x 
Unaligned x x x 
Transfers x x 

x x x 

Read Modify x 
Write* x x 

x x x x 

*Read modify write cycles are split into separate 
read and write cycles only in the slave mode while 
multiprocessor synchronization is provided via the 
Gate Array. 

The access time to access the S-DPR from the 
VMEbus are listed in the following table: 

Access Times Min Type Max 

Read 120ns 215ns 330ns 
Write 110ns 195ns 310ns 

The SYS68K/CPU-31 includes a DMA Controller 
supporting high speed data transfer through the on­
board Gate Array. DMA transfers can be performed 
between the S-DPR and VMEbus memory while 
the 68030 CPU is operating. 
The SYS68K/CPU-31 includes the following bus 
arbitration modes: 

RWD Release when done 
ROR Release on request 
ROBCLR Release on Bus Clear 
RAT Release after Timeout 

In addition, the board is able to request bus master­
ship if no other board requests bus mastership (Re­
quest on No Request RNR). 
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Each of the listed modes is software programmable 
inside the Gate Array. The bus request level of the 
SYS68K/CPU-31 is jumper selectable (BRO-3). A 
single level arbiter, a power monitor, a SYSRESET 
generator and support for ACFAIL and SYSFAIL 
complete the VMEbus interface. 
The installed location monitor and the Message 
Broadcast on VME are briefly described in the next 
two sections. 

5. The Location Monitors 
The SYS68K/CPU-31 includes 16 location moni­
tors. Each of these location monitors allows an in­
terrupt to be forced to the local 68030 CPU. The in­
terrupt level of each location monitor is software 
programmable and an individual interrupt vector 
for each location monitor is forced to the CPU. 
This function allows the triggering of multiple CPU 
boards via one master by only fetching an interrupt 
vector on the local bus and leaving the VMEbus 
free for data transfers. 
In addition, the location monitor bits can be used to 
synchronize multiple CPUs via standard read cycles 
by internally forcing a read modify write cycle. This 
allows various CPUs on the VMEbus to be synchron­
ized (for example a 68030 and a 80386 CPU-board). 

6. The Message Broadcast 
The SYS68K/CPU-31 board provides two fully in­
dependent unique Message Broadcast functions 
which are implemented within the Gate Array. 
The FORCE Message Broadcast (FMB) allows the 
simultaneous addressing and interrupting of all 
CPU boards installed in a VMEbus environment. It 
stores an 8 bit message in an 8 stage deep FIFO. 
The Message Broadcast complies fully to the VME­
bus specification and minimizes the time overhead 
required to interrupt all installed CPU boards in a 
system. 
Without FMB, the following problems occur when 
synchronousing multiple CPUs in a VMEbus en­
vironment. 
If, for example, 16 boards are installed in a system, 
without FMB, the minimum time required to inter­
rupt all of them is 16 times an access cycle to each 
of their location monitors. If no location monitors are 
available then the IRQ signals of the VMEbus have 
to be used. This results in a maximum number of 7 
boards to be synchronized (7 VMEbus IRQ levels). 
The time required to interrupt all of them is enor­
mous because each board has to request bus 
mastership and initiate an interrupt acknowledge 
cycle. This results in a big timing gap between the 
different CPU boards being interrupted. 
The FMB allows each of the maximum 21 defined 
boards in the system to be addressed and to inter­
rupt one, some or all of them, sending the addres­
sed boards an 8 bit message. 



The FM B therefore allows any board(s) to be trigge­
red at the same time by fetching the interrupt vec­
tor on the local bus leaving the VMEbus free for ac­
tivities of other bus masters. 
Each participant of the FMB stores the single byte 
message in its 8 byte deep FIFO (inside the Gate 
Array) and at the same time interrupts their local 
CPU on a software programmable level (1 to 7). 
Each of the two, fully independent FIFOs is desig­
ned to allow as many as 8 messages to be sent to 
multiple participants within a short time frame. The 
messages can be read from the local CPU after the 
interrupt has been acknowledged. 
The FMB byte is user defined to allow maximum 
flexibility and to adapt the various requirements to 
the user needs. 
The most important feature of the FMB is that any 
32 bit VMEbus based CPU available on the market 
can send this message byte to a FORCE board 
supporting the FMB function. 
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No special motherboard or extended address mo­
difier capabilities are needed because only the de­
fined signals, timings and data transfer types are 
used to perform the FMB. 
Each master can define the board(s) which have to 
receive the FMB byte on an individual basis. The 
hardware inside the Gate Array decodes the infor­
mation from the used address and performs the 
cycle. 
The data transfer of the FMB is completed in less 
than 330 ns for all CPU boards which results in a 
maximum data bandwidth (theoretical) of 20x3 
Mbyte/s = 60 Mbyte/s. 
A patent on the FMB is pending. 
The FORCE Message Broadcast is described in 
detail in the SYS68K1FMP Data Sheet while the ge­
neral block diagram is shown below. 

BLOCK DIAGRAM OF THE FORCE MESSAGE BROADCAST 

RAM 110 110 
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7. The Interrupt Structure 
The Gate Array installed on the SYS68K1CPU-31 
handles all the local, VMEbus and secondary bus 
interrupts. Each interrupt request from the local 
bus through the DUSCC, RTC and the two timers, 
as well as the Gate Array specific interrupt re­
quests, are combined with the 7 VMEbus interrupt 
requests. 
Each IRQ source including the 7 VMEbus IRQs can 
be programmed to interrupt the CPU on an individ­
ual programmable level (1 to 7). 
The Gate Array supports the vector or initiates an 
interrupt vector fetch from the local 1/0 devices or 
from the VMEbus. 
In addition to the local interrupts, the ACFAIL and 
SYSFAIL signals can be used to interrupt the CPU 
on a software programmable level. 
This results in a total of 40 individuallRQs handled 
through the Gate Array on the SYS68K1CPU-31 
board. 
The Gate Array supplied interrupt vectors have a 
basic vector and fixed increments for each source. 
The basic vector is software programmable. 

8. The VSB Interface 
The SYS68K1CPU-31 board is delivered with a full 
32 bit VSB master interface. 
Maximum data throughput is provided on the VSB 
interface by supporting 8, 16, 24 and 32 bit data 
transfers in the 4 Gbyte address range. The VSB 
address range is decoded out of the 4 Gbyte ad­
dress space of the 68030. 

The following data transfer types are supported: 
A32 : D8, D16, D32 
Unaligned Transfers 
Address Only Cycles 
Read Modify Write Transfers 

The VSB interface allows to build contiguous mem­
ory together with the S-DPR. The local control logic 
provides an access cycle to the VSB before acces­
sing the VMEbus. This technique allows to deload 
the VMEbus interface by using dual ported mem­
ories between the VMEbus and the VSB by acces­
sing the memory through the VSB interface. A jum­
per setting allows to deselect the VSB interface if 
no VSB board is connected. The VSB interface also 
includes a serial arbiter as well as an IHP Interrupt 
Handler. 

9. The Memory Map 
The memory map of the SYS68K1CPU-31 is listed 
in the following table: 

Start End Type Address Address 

00000000 OOOFFFFF Dual Ported Memory 
(1 Mbyte) 

VM Ebus Addresses 
00100000 F9FFFFFF or VSB Addresses 

A32:D32,D24,D16,D8 

FAOOOOOO FAFFFFFF Message Broadcast Area 
(Slave and Master Mode) 

FBOOOOOO FBFEFFFF VMEbus 
A24:D32,D24,D16,D8 

FBFFOOOO FBFFFFFF VMEbus 
A16:D32,D24,D16,D8 

FCOOOOOO FCFEFFFF VMEbus 
A24: D16, D8 

FCFFOOOO FCFFFFFF VMEbus 
A16: D16, D8 

FDOOOOOO FDFFFFFF Reserved 

FEOOOOOO FEFFFFFF Reserved 

Start End Cap- Type Address Address acity 

FFOOOOOO FF7FFFFF 8 Mbyte USER-EPROM 

FF800000 FFBFFFFF 1 Mbyte Local 1/0 

FFCOOOOO FFCFFFFF 1 Mbyte LOCALSRAM 

FFDOOOOO FFDFFFFF 1 Mbyte Registers of 
FGA-002 

FFEOOOOO FFEFFFFF 1 Mbyte SYSTEM 
EPROM 

FFFOOOOO FFFFFFFF 1 Mbyte Reserved 
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10.0 The VMEPROM 
10.1 General Description 
VMEPROM is an EPROM based real time monitor. 
The complete package resides in 128 Kbyte of 
EPROM and uses a minimum of 32 Kbyte of RAM. 
VMEPROM is composed of the powerful POOS 
Real Time Kernel and the POOS file manager. Thus 
the package provides support of a highly sophist­
icated Real Time Kernel and an interface to floppy 
and hard disk drives. 
The user interface contains more than 50 com­
mands perfectly suited for program debugging, 
host computer communications, as well as task­
and file management. In addition, it includes a 
powerful line assembler and disassembler for the 
68030 and the 68882. 

VMEPROM features: 
• Real Time Multitasking Kernel supporting up to 

64 tasks. 
• File management support for sequential, ran­

dom and shared files. Up to 64 files may be ope­
ned at the same time. 

VMEPROM 
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• Line assembler/disassembler with full support 
of all 68030/68882 instructions. 

• Over 20 commands for program debugging, in­
cluding breakpoints, tracing, processor register 
display and modify. 

• S-record up/downloading from any port defined 
in the system. 

• Disk support for RAM-disk, floppy and Winche­
ster disks. Either a SYS68K1WFC-1 or a 
SYS68K1ISCSI-1 mass memory controller may 
be used. VMEPROM also allows disk formatting 
and initialization. 

• Serial I/O support for up to two S10-2 or ISIO-
1/2 boards in the system. 

• EPROM programming utility using the SYS68K1 
RR-2/3 boards. 

• Full screen editor. 
• I/O redirection to files or ports from the com­

mand line. 
• Over 100 system calls to the kernel are sup­

ported. 
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10.2. Description of the User Interface 
ofVMEPROM 
The user interface of VMEPROM allows I/O redirec­
tion to files or to any port defined within the system. 
Multiple command lines may be entered on a single 
command line. The user console input is interrupt 
driven and allows type-ahead. Over 60 commands 
are built into the VMEPROM user interface and are 
directly accessible without destroying memory. 
The command set covers functions such as pro­
gram execution, breakpoints, tracing and a power­
ful line assembler/disassembler. Also resident are 
file system functions such as append, delete, copy, 
rename and show file. These are applicable for 
RAM disk, floppy or hard disk. The task manage­
ment functions cover create task, kill task, alter 
task priority and list tasks. 

10.3 Description of the Kernel Functions 
The kernel of VMEPROM is written in 68030 as­
sernbly language for fast and efficient execution. It 
provides multitasking, system clock,event proces­
sing and memory management. Ready tasks are 
scheduled with a prioritized round-robin method. 
Up to 64 tasks may be defined simultaneously. 
Semaphores and events provide a low overhead 
facility for one task to signal another. Messages 
and mailboxes are used in conjunction with task 
lock, unlock, suspend and event primitives. 

10.4 Description of the File Manager Functions 
The file manager module provides sequential, ran­
dom, read only and shared access to named files 
on RAM disk, floppy or hard disk. New files are au­
tomatically defined contiguously to improve ac­
cess speed. 

10.5 Supported VMEbus Hardware 
Upon power up, VMEPROM checks the VMEbus 
for the availability of several controller boards. 
Supported are up to two serial I/O boards, and one 
disk controller. 
In addition, EPROM programming is supported by 
VMEPROM utilizing the SYS68K1RR-2/3 board 
family. 

10.6. Target System Support 
VMEPROM can easily be used in target systems. 
For these systems, the application program can be 
put into EPROM with or without the user interface. 
The application programs can be started either by 
a command line or directly after reset without user 
input. 
The minimum EPROM space required by the VME­
PROM kernel and file manager is about 40 Kbyte. 
Small romable applications can be put in EPROMs 
easily without the overhead of the user interface. 

10.7. Development Systems 
Currently either one of the FORCE PDOS' or UNIX' 
System V development stations may be used for 
software development for VMEPROM. 
Compilers, assemblers, and libraries are available 
together with utilities for program downloading. 
These tools are well suited to help in program devel­
opment and debugging. 
The support of VMEPROM through other develop­
ment systems like the IBM-AT or the VAX is under 
development. These crosssoftware development 
packages will include C-compiler, assemblers for 
the 68030 and libraries to generate codes to run 
under control of VM EPROM. 

10.8. Licensing 
No license is required for VMEPROM. VMEPROM 
is delivered free of charge with every CPU-31 
board. 
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For more detailed information please refer to the 
SYS68K1VMEPROM Data Sheet. 



SYS68K/CPU-31 

Specification 

Function 

68030 CPU Clock Frequency on: 
CPU-31 16.7MHz 
CPU-31A/-31XA 20.0MHz 

68882 FPCP Clock Frequency on: 
CPU-31 16.7 MHZ 
CPU-31 A/-31 XA 20.0 MHz 

DMA Controller: CPU-31 16.7MHz 
CPU-31A/-31XA 20.0 MHz 

Internal FIFO 32 byte 
Max. Data Transfer Throughput 30 Mbyte/s 

S-DPRType SRAM 
S-DPR Capacity: CPU-31/-31A 256 Kbyte 

CPU-31XA 1 Mbyte 
No. of Wait States for all CPU and DMA Cycles 0 

SRAM Capacity 32 Kbyte 
On-Board Battery Backup yes 

No. of EPROM Sockets 4 
Data Paths 32 bit 
Max Capacity 4 Mbyte 
No. of Wait States (minimax) 1/6 

Serial 1/0 Interfaces (total) 2 
Used Controller 68562 

RS232 compatible 1 
RS232/RS422 compatible 1 

Real Time Clock (Type) 62421 
On-Board Battery Backup yes 

VMEbus Interface 
Master: A32,A24, A16:D8, D16, D32, D(O), UAT yes 
Slave: A32,A24,A16:D8, D16, D32, D(O), UAT yes 

Software Programmable Access Address and Address Modifier Code yes 
No. of different Areas for S-DPR Accesses 3 
S-DPR Read Access Time (Typ) 215ns 

Write Access Time (Typ) 195ns 
Single Level Bus Arbiter yes 
SYSCLK Driver yes 
16 Location Monitors yes 
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Specification 

Function 

FORCE Message Broadcast 
FMB-FIFO 1 Sbyte 
FMB-FIF02 Sbyte 

VMEbus Interrupt Handler 1 to 7 
Local Bus Interrupt Handler 1 to 7 
All Sources can be routed to a Software programmable I RQ Level yes 
Total Number of IRQ Sources 40 

Timers 
24 bit with 5 bit Prescaler 2 

S bit with S bit Prescaler 3 
S bit with S bit Prescaler (Watchdog Timerfor SYSFAIL) 1 

VSB Master Interface yes 
A32: OS, 016, 032, 0(0), UAT, RMW yes 

Bus Arbiter Serial 
Interrupt Handler IHP 

RESET, TEST, RUN and CACHE Switch yes 

VMEPROM Firmware on all Board Versions 12S Kbyte 

Power Requirements 
+ 5Vmin/max 4.3/5.9A 
+12Vmin/max 0.1/0.2A 
-12Vmin/max 0.1/0.2A 

Operating Temperature (OegreesC) Ot050 
Storage Temperature (OegreesC) -40toS5 
Relative Humidity (non-condensing in %) Ot095 

Board Oimensions (mm) 234x160 
(in) 9.2x6.3 

No. of Slots used 1 
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Ordering Information 

SYS68K/CPU-31 
Part No.1 0131 0 

SYS68K/CPU-31 A 
Part No.1 01311 

SYS68K/CPU-31 XA 
Part No.101312 

SYS68K/SMDP-06 
Part No.1 011 04 

SYS68K1VMEPROM/UM 
Part No. 800140 

SYS68K/CPU-31/UM 
Part No. 800147 

16.7 MHz 68030 based CPU board with VSB interface 
68882 FPCP, DMAC, 256 Kbyte S-DPR capacity 
and VMEPROM. Documentation included. 

20.0 MHz 68030 based CPU board with VSB interface 
68882 FPCP, DMAC, 256 Kbyte S-DPR capacity 
andVMEPROM. Documentation included. 

20.0 MHz 68030 based CPU board with VSB interface 
68882 FPCP, DMAC, 1 Mbyte S-DPR capacity 
andVMEPROM. Documentation included. 

1 Mbyte static RAM board replacing the 256 Kbyte 
SMDP-05 board installed on the CPU-31 and CPU-31A. 

VMEPROM User's Manual 

User's Manual for the SYS68K/CPU-31 products, 
including VMEPROM User's Manual. 

Note: SYS68K/CPU-31 board versions without the 68882 FPCP are available upon special request. 

195 





SYS68K/CPU-32 

System 68000 VME 
SYS68K I CPU·32 
High Performance 
68030 Multiprocessor 
CPU Board with VSB Interface 

• No Wait State 68030 
• On Chip PMMU 
• 68882 Floating Point Co-processor 
• , Mbyte Static RAM 
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1. General Description 
The SYS68K/CPU-32 is an ultra high speed CPU 
board using a 68030 with a clock frequency of up to 
30 MHz. The SYS68K/CPU-32 is fully software 
compatible to the SYS68K/CPU-29 board. The 
SYS68K/CPU-32 uses only a single VMEbus slot. 
A static RAM of up to 1 Mbyte capacity can be ac­
cessed from the CPU (30 MHz clock frequency) wi­
thout the insertion of wait states for all read and 
write cycles. A full 32 bit VSB interface including 
bus arbitration and Interrupt Handling is installed 
on all CPU-32 board versions. Two serial I/O inter-

BLOCK DIAGRAM OF THE CPU-32XC 
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faces (RS232 compatible) provide asynchronous 
and synchronous data transfer rates of up to 38400 
baud/2 Mblt/sec. 
The EPROM area consists of 4 devices supporting 
the 28 and 32 pin JEDEC standard providing a ma­
ximum capacity of 4 Mbyte. Two fully independent 
24 bit timers, a Real Time Clock with an on-board 
battery backup and the full 32 bit VMEbus master 
interface complete the board. 
In addition, VMEPROM, the PDOS* compatible 
mUlti-user real time monitor/debugger is installed 
on the SYS68K/CPU-32 boards. 
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2. Features of the SYS68K1CPU-32 
• 68030CPU (16.7 MHz) on CPU-32X 

(20.0 MHz) on CPU-32XA 
(25.0 MHz) on CPU-32B, -32XB 
(30.0 MHz) on CPU-32XC 

• 68882 FPCP (16.7 MHz) on CPU-32X 
(20.0 MHz) on CPU-32XA, -32XB 
(25.0 MHz) on CPU-32XC 

• 68561 Multi Protocol Communication 
Controllers (2x) for serial I/O data 
transfers (RS232 compatible) 

• 68230 Parallel Interface and Timer devi­
ces (2x) for local control and timer 
function 

• 68153 Bus Interrupter Modules (2x) for all 
local interrupt management 

256 Kbyte or 1 Mbyte of constant zero wait state 
static RAM 
• Up to 4 Mbyte of EPROM using 4 EPROMs (28 

and 32 pin JEOEC standard) building a 32 bit 
data path 

• VSB interface (full 32 bit) with single level arbiter 
A32, A24, A16: 0(0), 08, 016, 032 
Unaligned transfers 
Read-modify-write transfers 
Interrupt Handler 

• VMEbus interface (full 32 bit) with single level ar­
biter A32, A24, A 16: 0(0),08, 016, 032 
Unaligned transfers 
Read-modify-write transfers 

• Bustimer 
• Power monitor 
• SYSRESET generator 
• RUN/HALT/CACHE and TESTfunction switches 
• Status indication LEOs 
• 2 HEX rotary switches 
• Fully software compatible to the SYS68K1CPU-

21 series of boards 
• VMEPROM installed 

3. Hardware Description 
3.1 The 68030 CPU 
The 68030 with its 32 bit address and data paths is 
installed on the SYS68K1CPU-32 board. 
The CPU includes a 256 byte instruction and 256 
byte data cache which significantly reduces the 
number of bus cycles needed for program fetches. 
A CACHE switch on the front panel allows the user 
to enable or disable the on-chip cache for software 
debugging purposes. 
The 68030 CPU accesses the static RAM with 30 
MHz clock frequency constantly without the inser­
tion of wait states. This allows the design to take full 
advantage of the throughput of the CPU. 
The EPROM area, the Floating Point Coprocessor, 
the RAM and the VSB interface are directly con-
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nected to the CPU data and address bus interface 
(as shown in the block diagram of the SYS68K1 
CPU-32). 
The clock frequency of the CPU ranges from 12.5 
to 30 MHz. This offers, in combination with the 
RAM, a real computing rate of 4-1 0 MIPs. 

3.2 The Floating Point Coprocessor 
The SYS68K1CPU-32 is fitted with the enhanced 
68882 Floating Point Coprocessor (FPCP). The 
FPCP conforms to the IEEE Floating Point standard 
754 (draft 10.0). 
Easy floating point operation control to the copro­
cessor is provided because the intercommunica­
tion between the CPU and the FPCP is built in sili­
con. 
An internal register set inside the FPCP of 8 general 
purpose registers (80 bit wide) yields fast execution 
times. 

Features of the FPCP 
• 8 general purpose registers (80 bit, 64 bit Man-

tissa, 15 bit exponent and one sign bit) 
• 67 bit on-chip ALU 
• 67 bit barrel shifter 
• 46 instruction types including 35 arithmetic 

operations 
• IEEE 754 standard (draft 10.0) 
• Full support of trigonometrical and logarithmic 

functions such as: 
SINE and COSINE 
TANGENT and COTANGENT 
Hyperbolic functions (tangent, 
arc tangent, sine and cosine) 
Logarithmic functions (4) 
Square root and exponential 
functions (4) 

• The 68882 is fully software compatible to the 
68881 FPCP 

3.3 The Static RAM 
The SYS68K1CPU-32 contains a high speed static 
RAM offering constant no wait state access for 
CPU access cycles. This 32 bit wide memory al­
lows to take full advantage of the CPU execution 
speed. An upgrade to 4 Mbyte RAM is possible, as 
the RAM is located on a memory module which can 
easily be replaced if higher density modules be­
come available. 
The memory bandwidth of the SYS68K1CPU-32 
reaches 40 Mbyte/sec in the 30 MHz version with­
out any need for refresh because static RAMs are 
used. 
The low cost 16.7 MHz versions (SYS68K1CPU-
32X) access the static RAM (1 Mbyte) constantly 
without the insertion of wait states. 



On the 20.0 MHz and 25.0 MHz version (SYS68K1 
CPU-32XA1-32XB) 1 DOns devices (32 K x 8) are ins­
talled providing a constant one wait state access to 
the RAM. 
The 30 MHz board version (CPU-32XC) uses 256 K 
x 1 oriented devices with an access time of 35 ns to 
guarantee the constant zero wait state operation of 
the CPU. 
The following table lists the CPU board type, the 
memory capacity as well as the required number of 
wait states for accessing the SRAM area. External 
battery backup is supported through the +5V 
STDBY line of the VMEbus on all CPU-32 boards 
excluding the CPU-32XC. 

Board Type CPU Clock SRAM No. of 
Frequency Capacity Wait States 

(MHz) (byte) 

CPU-32X 16.7 1M 0 
CPU-32XA 20.0 1M 1 
CPU-32XB 25.0 1M 1 
CPU-32XC 30.0 1M 0 

PHOTO OF THE MEMORY MODULE 
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3.4 The EPROM Area 
The SYS68K1CPU-32 contains four user EPROM 
sockets supporting 28 or 32 pin EPROM devices. 
Maximum data throughput to the 68030 CPU is 
provided through the fast decoding logic and sepa­
rate data transceivers supporting one wait state 
operation if 100 ns devices are used. The following 
table lists the supported device types and the mem­
ory capacity. 

Supported Device Types in the User EPROM 
Area: 

Device Total 
Type Pins Organization Memory Capacity 

2764 28 8Kx8 32 Kbyte 
27128 28 16Kx8 64 Kbyte 
27256 28 32Kx8 128 Kbyte 
27512 28 64Kx8 256 Kbyte 

271024 32 128Kx8 512 Kbyte 
TBD 32 256Kx8 1 Mbyte 
TBD 32 512Kx8 2 Mbyte 
TBD 32 1 Mx8 4 Mbyte 
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3.5 The Serial 110 Channels 
The SYS68K1CPU-32 contains two Multi Protocol 
Communication Controllers (MPCC 68561) which 
include the following protocol features: 
• Character oriented protocols 

BSC, OOCMP, X3.28, X.21, ECMA16 
• Synchronous bit oriented protocols 

SOLC, HOLC, X.25 
• CRC check selectable 
• Eight character receiver and buffer registers 
• Software programmable baud rate from 110 to 

38400 baud 
• OC data rate of up to 2 Mbit/s 
The two RS232 compatible interfaces are installed 
on the front panel via two 9 pin O-Sub connectors. 
The following I/O signals are supported with on­
board driver/receiver circuits: 

Signal Input Out- gPinDSUB Descri ption put Connector 

DeD X 1 Data Carrier 
Detect 

RXD X 2 Receive Data 
TXD X 3 Transmit Data 
DTR X 4 Data Terminal 

Data 
GND 5 SignalGND 
DSR X X 6 Data Set Ready 
RTS X 7 Requestto Send 
CTS X 8 Clear to Send 
- - - 9 Not Connected 

Each MPCC is able to interrupt the local CPU on a 
software programmable level. The interrupt vector 
is also software programmable. 

3.6 The Local Control Devices 
The SYS68K1CPU-32 contains two independent 
Parallel Interface and Timer devices (PI/T 68230), 
for local control and status display. 
The clock frequency of each PlfT is 8.064 MHz on 
all different board versions. Eight control bits can 
be read via the PlfT port A. These control bits can 
be set via two H EX rotary switches available on the 
front panel for manipulation. In addition, 8 status 
bits can be read out via the second PlfT. The status 
bits can be used for setting different configurations, 
defining the slot number in a VMEbus multipro­
cessor system etc. 
The PlfT also allows to program the bus release 
functions such as: 

RAT = Release after Timeout 
ROR = Release on Request 
REC = Release every Cycle 

RBCLR = Release on Bus Clear 

In addition, the board type (CPU-32) and the in­
stalled memory capacity can be read out via a PlfT. 

The two fully independent 24 bit timers with their 5 
bit prescaler can be used to interrupt the local CPU 
on a software programmable level. The interrupt 
vector is also software programmable inside the 
Bus Interrupter Module. 
All of the 7 interrupt request levels of the CPU can 
be separately enabled or disabled via port B of the 
first PlfT. For example, this allows you to disable all 
interrupts on a certain IRQ level by debugging the 
application software. 
The SYSFAIL and ACFAIL signals of the VMEbus 
are connected to the first PlfT to eventually inter­
rupt the local CPU (if programmed) or to monitor 
the status of these signals. 

3.7 The Real Time Clock 
A software programmable Real Time Clock (RTC-
62421) with onboard battery backup is installed on 
the SYS68K1CPU-32 boards. The features of the 
Real Time Clock are listed below. 

Features of the Real Time Clock 
• Time of day and date counter included (year, 

month, week, day) 
• Built-in quartz oscillator 
• 12hr/24hr clock switch over 
• Automatic leap year setting 
• Interrupt masking 
• C-MOS design provides low power consump-

tion during power down mode. 
The Real Time Clock is able to interrupt the local 
CPU on a software programmable level (1 to 7). 

3.8 The Local Interrupt Sources 
Two Bus Interrupter Modules (BIM 68153) are in­
stalled on the SYS68K1CPU-32 to manage all the 
local interrupts. 
Each local interrupt source can be routed to one of 
the seven different IRQ levels ofthe CPU. The inter­
rupt vector is also software programmable. 

Local Interrupt Sources: 
1) Test Switch 
2) MPCC 1 
3) MPCC2 
4) PlfT 1 Timer 
5) PlfT 2 Timer 
6) RTC 
7) VSB-IRQ 
8) ACFAIL' 
9) SYSFAIL 
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4. The VSB Interface 
The SYS68K1CPU-32 board is delivered with a full 
32 bit VSB master interface. 
Maximum data throughput is provided on the VSB 
interface by supporting 32 bit of data via the 4 
Gbyte address range. the VSB address range is de­
coded out of the 4 Gbyte address space of the 
68030. 
The following data transfer types are supported: 

A32:08,016,032 
Unaligned Transfers 
Address Only Cycles 
Read Modify Write Transfers 

The VSB interface allows to build contiguous mem­
ory beyond the local SRAM. The local control logic 
provides an access cycle to the VSB interface be­
fore addressing the VMEbus. This technique allows 
an increase of the overall throughput of systems 
using the secondary bus. If the VSB interface is not 
required, a jumper setting allows to disable it and 
forces VMEbus accesses if there is no on-board 
access cycle detected. 
The serial arbiter and the IHP Interrupt Handler 
complete the VSB interface. 

5. The VMEbus Interface 
The SYS68K1CPU-32 includes a full 32 bit VMEbus 
interface, thereby taking full advantage ofthe VME­
bus specification. 
The Address Modifier codes for A 16, A24 and A32 
addressing are fully supported. 

The following data transfer types are supported: 

Transfer Type 031-024 023-016 015-08 07-00 

Byte X 
X 

Word X X 

long Word X X X X 

Unaligned X X X 
Transfers X X 

X X X 

Read Modify X 
Write X X 

X X X X 

The SYS68K1CPU-32 includes the following bus 
arbitration modes: 

RWO Release when done 
ROR Release on request 

RBClR Release on Bus Clear 
RAT Release after Timeout 
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Each of the listed modes is software programmable 
inside the Gate Array. The bus request level of the 
SYS68K1CPU-32 is jumper selectable (BRO-3). A 
single level arbiter, a power monitor, a SYSRESET 
generator and support for ACFAIL and SYSFAIL 
complete the VMEbus interface. 

6. The VMEPROM 
6.1 General Description 

VMEPROM is an EPROM based real time monitor. 
The complete package resides in 128 Kbyte of 
EPROM and uses a minimum of 32 Kbyte of RAM. 
VMEPROM is composed of the powerful POOS 
Real Time Kernel and the POOS file manager. Thus 
the package provides support of a highly sophistic­
ated Real Time Kernel and an interface to floppy 
and hard disk drives. 
The user interface contains more than 50 com­
mands perfectly suited for program debugging, host 
computer communications, as well as task- and file 
management. In addition, it includes a powerful line 
assembler and disassembler for the 68030 and the 
68882. 

VMEPROM features: 
• Real-Time Multitasking Kernel supporting up to 

64 tasks. 
• File management support for sequential, ran­

dom and shared files. Up to 64 files may be ope­
ned at the same time. 

• Line assembler/disassembler with full support 
of all 68030/68882 instructions. 

• Over 20 commands for program debugging, in­
cluding breakpOints, tracing, processor register 
display and modify. 

• S-record up/downloading from any port defined 
in the system. 

• Disk support for RAM-disk, floppy and Win­
chester disks. Either a SYS68K/WFC-1 or a 
SYS68K1ISCSI-1 mass memory controller may 
be used. VMEPROM also allows disk formatting 
and initialization. 

• Serial I/O support for up to two S10-2 or ISI0-1/2 
boards in the system. 

• EPROM programming utility using the SYS68K1 
RR-2/3 boards. 

• Full screen editor. 
• I/O redirection to files or ports from the com­

mand line. 
• Over 1 00 system calls to the kemel are sup­

ported. 
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6.2 Description of the User Interface 
ofVMEPROM 
The user interface of VMEPROM allows 110 redirec­
tion to files or to any port defined within the system. 
Multiple command lines may be entered on a single 
command line. The user console input is interrupt 
driven and allows type-ahead. Over 60 commands 
are built into the VMEPROM user interface and are 
directly accessible without destroying memory. 
The command set covers functions such as pro­
gram execution, breakpoints, tracing and a power­
ful line assembler/disassembler. Also resident are 
file system functions such as append, delete, copy, 
rename and show file. These are applicable for 
RAM disk, floppy or hard disk. The task manage­
ment functions cover create task, kill task, alter 
task priority and list tasks. 

6.3 Description of the Kernel Functions 
The kemel of VMEPROM is written in 68030 assem­
bly language for fast and efficient execution. It pro­
vides multitasking, system clock, event processing 
and memory management. Ready tasks are sched-

uled with a prioritized round-robin method. Up to 
64 tasks may be defined simultaneously. 
Semaphores and events provide a low overhead 
facility for one task to signal another. Messages 
and mailboxes are used in conjunction with task 
lock, unlock, suspend and event primitives. 

6.4 Description of the File Manager Functions 
The file manager module provides sequential, ran­
dom, read only and shared access to named files on 
RAM disk, floppy or hard disk. New files are auto­
matically defined contiguously to improve access 
speed. 

6.5 Supported VMEbus Hardware 
Upon power up, VMEPROM checks the VMEbus 
for the availability of several controller boards. 
Supported are up to two serial I/O boards and one 
disk controller. 
In addition, EPROM programming is supported by 
VMEPROM utilizing the SYS68K1RR-2/3 board 
family. 
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6.6 Target System Support 
VMEPROM can easily be used in target systems. 
For these systems, the application program can be 
put into EPROM with or without the user interface. 
The application programs can be started either by 
a command line or directly after reset without user 
input. 
The minimum EPROM space required by the VME­
PROM kernel and file manager is about 40 Kbyte. 
Small romable applications can be put in EPROMS 
easily without the overhead of the user interface. 

6.7 Development Systems 
Currently either one of the FORCE PDOS* or UNIX* 
System V development stations may be used for 
software development for VM EPROM. 

7. Specifications of the SYS68K1CPU-32 

Functions 

68030 CPU Clock Frequency on: 

CPU-32X 
CPU-32XA 
CPU-32XB 
CPU-32XC 

68881 FPCP Clock Frequency on: 

CPU-32X 
CPU-32XA1-32XB 
CPU-32XC 

Local RAM Type 
Data Path 
Memory Capacity 
No.of Wait States - CPU-32XA1-32XB 
No.of Wait States - all others 

No. of EPROM Sockets 
Data Path 
Max. Capacity 
No. of Wait States (minimax) 

Serial 1/0 Interfaces 
Used Controller 
RS232 compatible 

Real Time Clock 
On-Board Battery Backup 

24 bit Timer 
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Compilers, assemblers, and libraries are available 
together with utilities for program downloading. 
These tools are well suited to help in program dev­
elopment and debugging. 
The support of VMEPROM through other develop­
ment systems like the IBM-AT or the VAX is under 
development. These crosssoftware development 
packages will include C-compiler, assemblers for 
the 68030 and libraries to generate codes to run 
under control of VMEPROM. 

6.8 Licensing 
No license is required forVMEPROM. VMEPROM is 
delivered free of charge with every CPU-32 board. 
For more detailed information please refer to the 
SYS68KNMEPROM Data Sheet. 

16.7MHz 
20.0 MHz 
25.0MHz 
30.0MHz 

16.7MHz 
20.0MHz 
25.0MHz 

SRAM 
32 bit 
1 Mbyte 
1 (all cycles) 
o (all cycles) 

4 
32 bit 
4 Mbyte 
1/8 

2 
2 x 68561 
Yes 

62421 
Yes 
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VSB Master Interface Yes 
A32: 0(0), 08, 016, 032 Yes 
Arbiter Serial 
Interrupt Handler IHP 

VMEbus Master Interface 
A32,A24,A16: 0(0), 08, 016, 032 Yes 
Unaligned Data Transfers Yes 
Read-Modify-Write Cycles Yes 
Single Level Bus Arbiter Yes 
VMEbus Interrupt Handler IH 1 to 7 

RESET, TEST, CACHE, HALT Yes 
Function Switches 

VMEPROM Firmware on all Board Versions 128 Kbyte 

Power Requirements 
+ SV typ/max 4.9/S.9A 
+12V typ/max 0.1/0.2A 
-12V typ/max 0.1/0.2A 

Operating Temperature (Degrees C) OtoSO 

Storage Temperature (Degrees C) -40to8S 

Relative Humidity (noncondensing%) Oto9S 

Board Dimensions (mm) 234x 160 
(in) 9.2 x 6.3 

No. of Slots used 1 
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Ordering Information 

SYS68KJCPU-32X 
Part No.1 01324 

SYS68KJCPU-32XA 
Part No.1 01321 

SYS68KJCPU-32XB 
Part No.1 01322 

SYS68KJCPU-32XC 
Part No.1 01333 

SYS68KNMEPROM/UM 
Part No. 800140 

SYS68KJCPU-32/UM 
Part No. 800148 
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16.7 MHz 68030 CPU board with 1 Mbyte 
zero wait state SRAM, FPCP and VMEPROM. 
Documentation included. 

20.0 MHz 68030 CPU board with 1 Mbyte 
one wait state SRAM, FPCP and VMEPROM. 
Documentation included. 

25.0 MHz 68030 CPU board with 1 Mbyte 
zero wait state SRAM, FPCP and VMEPROM. 
Documentation included. 

30.0 MHz 68030 CPU board with 1 Mbyte 
zero wait state SRAM, FPCP and VM EPROM. 
Documentation included. 

User's Manual ofVMEPROM excluding 
documentation ofthe SYS68KJCPU-32. 

User's Manual for all SYS68KJCPU-32 
board versions. VMEPROM documentation 
included. 
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System 80386 VME 
SYS80KI CPU·386 
80386 High Performance 
32·Bit CPU Board 

• 80386 processor running at 16 MHz 
without insertion of wait states 

• 2 (8) Mbyte of onboard DRAM 
• Optional numeric coprocessor 
• 3 serial Interfaces 
• No jumpers onboard 
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General Description 

The SYS80K/CPU-386 is a high-performance CPU 
board designed using an 80386 32 bit micropro­
cessor. The board is built forthe VMEbus IEEE 1014 
system environment and provides four sockets for 
JEDEC compatible memory devices (EPROMs, 
~EPROMS), 3 serial 110 ports, time-of-day/real­
time clock/calendar, two 16-bit and three 8-bit 
counters/timers, and a socket for installation of an 
80387 numeric coprocessor. 
The S~S80K/CPU-386 is available with 2 or 8 Mbyte 
of panty-checked dynamic RAM. This local mem­
ory has been configured to provide zero wait state 
operation at 16 MHz for read and write cycles. 

BLOCK DIAGRAM OF THE SYS80K/CPU-386 
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A powerful debugging package with full 80386 and 
80387 line assembler/disassembler capabilities 
called FORCEbug/386 is included. FORCEbug/ 
386 also features test facilities, floating point co­
processor support, benchmark routines and macro 
facilities. ' 
A photo of the CPU-386 is shown on the preceding 
page, and a block diagram is presented below. 
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Features of the CPU-386 

• 80386 Processor with a clock frequency of 
16 MHz 

• Optional 80387 Numeric Coprocessor (CPU-
386A, CPU-386C) 

• 68901 Multi-Function Peripheral with Serial I/O 
~RS-232C used for console and debugging port), 
Interrupt support, and three user-programmable 
8 bit timers 

• 68562 Dual Universal Serial Communications 
Controller with two multi-mode serial channels 
(RS-232C) each with 4-character input and out­
put FIFOs and two 16 bit timers 

• 7170 Real Time Clock with alarm and program­
accessible year, month, date, day, hours, min­
utes, seconds and hundredths of seconds and 
settable alarm ' 

• 2 or 8 Mbyte of zero wait state, dynamic RAM 
with parity, in an interleaved configuration 
supported by look-ahead logic to minimize wait 
states (if any) for consecutive accesses to the 
same bank 

• 4 sockets for 8 K x 8 to 64 K x 8 EPROMs, EE­
PROMs and page-mode byte-wide devices 

• Fully buffered 32 bit local address and data 
buses 

• Full VMEbus interface 
- A 16, A24, and A32 address modes 
- 08, 016, and 032 data modes 
- User/supervisor and program/data 

address modifier code support 
- Unaligned transfers 
- 16 M Hz system clock 
- Address pipelining 

• 4-level Bus arbitration supporting "Round Ro­
bin", "Prioritized" and "single-Ievel" algorithms 

• I~terrupt handler (Local, VME IRQHRQ7, op­
tional Autovectors, & 2 non-maskable inter­
rupts) 

• VMEbus system controller 
- 16 MHz system clock 
- Bustimer 
- Arbiter 

• Bus Timer for BERR generation 
• RESET generator 
• Front Panel LED Indicators 

GREEN: EPROM, RAM, I/O & VMEbus accesses 
RED: HALT, SHUTDOWN, PARITY & BERR 
YELLOW: 4 User-definable indicators 

• Front Panel Switches (momentary contact): 
RESET & ABORT 

• "Smart" jumpers set under program control 
• Cust.om ~eographical addressing simplifies 

configuration 
• Electroni.c Tag 1V!0dule: S?cket for providing 

user-defined configuration Information 
• Four debug registers and programmable single­

step flag for simplified program debugging 
• FORCEbug/386 Debugger Firmware with 80387 

Numeric Coprocessor support, Macro facilities 
and Assembler/Disassembler 

1.0 Hardware Description 

1.1 The 80386 CPU 

The 80386 processor is a highly-integrated device 
containing a central processing unit, memory ma­
nagement unit and bus interface unit. This proces­
sor features 32 bit wide intemal and extemal data 
buses, and is implemented on board to take full ad­
vantage of the 32 bit VMEbus structure. 
The clock speed of the 80386 is set at 16 MHz. 
Coupled with a pipelined architecture, zero wait 
state, 32 bit wide dynamic RAM, and a 16 byte pre­
fetch instruction queue that reduces bus overhead, 
the 80386 operates with 3 to 4 MIPs of effective 
computing power. 
An extensive instruction set which includes eleven 
addressing modes has been incorporated into the 
80386. All instructions are orthogonal supporting 
8, 16,24, and 32 bit data structures. The 80386 can 
address 4 gigabytes of physical memory and the 
on-chip memory management unit fully supports 
virtual addressing. Additionally, the 80386, in emu­
lation mode, will execute programs written for the 
8086/8088/80286/80386 family. 
A fully buffered address and data bus has been im­
plemented for the CPU to communicate to local I/O 
and memory. 

1.2 The 80387 Numeric Coprocessor 

The 80387 is a high-performance floating point co­
processor designed to improve the throughput of 
80386 mathematical and trigonometric calcula­
tions. The 80387 implements the IEEE754 floating 
point standard, with high-precision 80 bit architec­
ture and full support for single, double, and ex­
tended precision operations. 
An 809387 Numeric Coprocessor is installed on the 
CPU-386A and CPU-386C only. 

1.3 The Serial 110 Channels 

The CPU-386 board contains three serial commu­
nication channels. The 68562 Dual Universal Serial 
Communications Controller (DUSCC) provides two 
of the three channels. Input/Output using the 
DUSCC supports the following protocols: 
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• Character-Oriented Protocols 
BISYNC, DDCMP, X.21 

• Synchronous Bit-Oriented Protocols 
SDLC, HDLC, X.25 

• Even, Odd or no Parity check 
• CRC check selectable 
• Four character receiver and four character 

transmitter FIFOs 
• Software Programmable Standard Baud Rates 

from 110 to 38,400 Baud 
• DC data rate to 4 Mbit/sec 



RS-232 compatible interfaces (both ports) are in­
stalled on the board to provide direct connection to 
standard terminals. User connection has been 
configured such that a standard flat cable termi­
nated in a 9-pin D connector provides an IBM PC/ 
AT style interface (both ports). The second port also 
supports modem control signals. Both serial ports 
are accessible through the VMEbus P2 connector. 
A 68901 Multi-Function Peripheral Controller 
(MFP) provides a third serial communication chan­
nel. This port is normally programmed to 9600 
baud by FORCEbug/386 at power-up, and an IBM 
AT style 9-pin D connector on the front panel en­
ables this channel to be used as console and de­
bugging port with the following features: 
• Full duplex operation 
• Asynchronous to 19,200 bits/sec 
• Synchronous to 1 Mbit/sec 
Each of the three serial I/O channels (DUSCC and 
MFP) is capable of issuing an interrupt to the pro­
cessor. The interrupt vector values are program­
mable. 

1.4 Real Time Clock 

An ICM7170 Real Time Clock, with 1 O-year battery 
backup, provides a user-accessible cl?ck/calen­
dar. Year, month, date, day, hours, minutes, se­
conds, and hundredths of a second may be read 
and written under program control. An alarm func­
tion can also be programmed and enabled to gener-
ate an interrupt. . . 
The real time clock can be used to output a penodlc 
interrupt at anyone of six different rates from 100 
Hz to once per day. 

1.5 Programmable CounterfTimers 

Four programmable counter/timers available to 
applications are provided on the CPU-~86 board. 
Three of the counter/timers are 8 bits wide (68901 : 
A, B, C) and the remaining counter/timer is 16 bits 
wide (68562: A, B). 
Eight-bit counter A may be p.rogrammed to operate 
in delay, count, or pulse-width mode. Counter C 
functions primarily as a rate generator. Prescale 
selection of 4 to 200 extends the dynamic range of 
these three counters. Additionally, counters A and 
B have their auxiliary inputs, used in pulse-width 
mode, connected to the user I/O pins on the VME­
bus P2 connector. Interrupts for counters A, B, and 
C may be enabled/disabled under program control. 
Sixteen-bit counter A may be programmed to per­
form delay generation, automatic bit-length mea­
surement, count received or transmitted charac­
ters, event counter, or non-standard bit-rate gener­
ator. This counter can be prescaled by 16, 32, or 
64. Interrupt for counter A may be enabled/disabled 
under program control. 
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1.6 Interrupt Handling 

The 80386 processor provides vector-defined inter­
rupt support. Two interrupt lines, one maskable, 
the other non-maskable, are used to inform the 
80386 of interrupt requests. All interrupts gener­
ated by IRQ1 *-IRQ6* from the VMEbus, as well all 
local (on-board) devices, are routed to the mask­
able interrupt input of the 80386. The VMEbus 
IRQ1*-IRQ6* interrupts are individually maskable 
through bits programmatically set and reset in the 
Board Interrupt Mask Register. Interrupts IRQ1*, 
IRQ3*, and IRQ5* may also be implemented using 
Autovectoring. 
The non-maskable interrupt input of the 80386 
supports two functions; VMEbus IRQ7* and the 
ABORT switch on the front panel of the CPU-386. 

1.7 Local ReadlWrite Memory 

Two megabytes configured as two banks of 256. K 
x 36 bits or 8 Mbyte configured as 1 Mbyte x 36 bits 
of dynamic read/write, pipelined zero wait s.tate 
memory are provided on the CPU-386 board. DIvid­
ing the on-board memory into two logical banks 
and using look-ahead logic for interleave access 
improves memory response time for transfer 
speeds to 32 Mbyte/sec. Parity checking is also 
provided. 
The refresh algorithm forthe on-board RA~.fu~~er 
improves memory access speed by minimizing 
interference with processor memory accesses. 
Under normal conditions, a refresh cycle occurs 
only when both banks of memory ar~ idle. Memory 
integrity is ensured by an on-board timer that con­
verts memory refresh to a high priority request. A 
16 byte pre-fetch instruction queue on the 80386 
further eliminq.tes most processor hold-offs due to 
refresh activity. "The 80386 transfers opcodes to 
the queue in bursts of memory accesses, and then 
executes instructions from this queue. Memory re­
freshes can then occur while the 80386 is execut­
ing opcodes from its on-chip resources. In this way, 
the majority of refresh cycles are transparent. 

1.8 Local EPROM Support 

The CPU-386 contains four sockets for 28-pin 
JEDEC compatible EPROM devices: 2764 through 
27512 or equivalent. Configuration of these sockets 
for devices is accomplished with "smart jumper­
ing". EPROM, as well as EEPROM, type, size, and 
speed is conveniently selected by the front panel 
DIP switch. EPROM capacity is from 32 Kbyte to 
256 Kbyte, and switch-selectable support of page 
mode devices increases capacity to 512 Kbyte. 
EPROM access is 32 bit wide, and access times 
down to 100 nsec (1 wait state) are supported. 
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Interrupt Source I nterrupt Generator 

ABORT SWITCH Direct (NMI) 
VMEbus IRQ7* Direct (NMI) 
DUSCC Serial I/O (2) DUSCC(MI) 
MFP Serial I/O (1) MFP(MI) 
Real Time Clock MFP(MI) 
MFP 8 bit CounterlTimer (A, B, C) MFP(MI) 
DUSCC 16-bit CounterlTimer (A, B) DUSCC(MI) 
VMEbusACFAIL MFP(MI) 
VMEbus SYSFAIL MFP (MI) 
DRAM Memory Parity Error MFP(MI) 
VMEbus IRQ1 *-IRQ6* BIMR(MI) 
VMEbus IRQ1*, IRQ3*, IRQ5* Autovector MFP(MI) 

NOTE: DUSCC = 68562 Dual Universal Serial Communications Controller 
MFP = 68901 Multi-Function Peripheral 
MI = Maskable Interrupt 
NMI = Non-Maskable Interrupt 
BIMR = Board Interrupt Mask Register 

Device 
Organization Total 

Type Capacity 

2764 8Kx8 32 Kbyte 
27128 16Kx8 64 Kbyte 
27256 32Kx8 128 Kbyte 
27512 64Kx8 256 Kbyte 

1.9 The VMEbus Interface 

A full 32 bit VMEbus interface is implemented on 
the CPU-386 to communicate with global memory, 
I/O, and other functions. 
The 4 Gbyte physical address space of the 80386 
processor is fully decoded. 8, 16, 24, and 32 bit 
data transfers are supported. 
As an example, the support of unaligned transfers 
allows the 80386 CPU to operate with efficient 
throughput because a 16 bit transfer to an odd 
address needs only one bus cycle. Without un­
aligned transfer support, two bus cycles are needed 
because the single transfer must be split into 2 
cycles, thereby impeding performance of the pro­
cessor. 
The CPU-386 board is designed to support fully the 
VMEbus address pipelining function. During 
normal VMEbus operation, a master completes all 
handshaking requirements of the current bus cycle 
prior to initiating the next one. Support of address 
pipelining enables the CPU-386 to begin subsequent 
cycles as soon as DTACK* (slave acknowledge) is 
returned. This capability reduces bus transaction 
overhead by overlapping address broadcasting 
with data transfers, and thereby improves through­
put of data on the VMEbus. 

Further improvement in VMEbus performance is 
provided by two VMEbus-related features of the 
CPU-386. The CPU-386 determines VMEbus ac­
cess requests in advance of when a normal VME­
bus cycle begins. This enables the CPU-386 to 
gain control of the system immediately following a 
release by the current master. On the completing 
end of the cycle, the CPU-386 is capable of "early 
BBSY* (Bus Busy) release", informing other mas­
ters that the VMEbus will be available. This en­
ables the completion of arbitration by the next 
VMEbus master, and control of the bus is transfer­
red immediately following release by the CPU-386. 
In addition, if the VMEbus is required for the next 
cycle, the CPU-386 will continue to assert BBSY*, 
prohibiting another master from arbitrating for the 
VMEbus. This allows the CPU-386 to retain control 
without arbitration. Both of these features improve 
the overall performance of the VMEbus by minimiz­
ing unnecessary wait time due to arbitration. 
A VMEbus system controller and bus arbiter is in­
stalled on the CPU-386 for multiple CPU board 
configurations. The four-level VMEbus arbiter may 
be programmed to operate in one of three modes: 
"round robin", prioritized, and single-level, provi­
ding flexibility in implementing a system for highest 
performance. 

1.10 Expansion Connector (P3) 
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A 96-pin local bus connector is provided on the 
CPU-386 board to support memory and I/O enhan­
cements. Address, data, and controls are brought 
directly from the 80386 to the connector. This 
connector is reserved for future use by FORCE 
Computers. 



1.11 VMEbus User I/O Connector (P2A, P2C) 

The P2 connector of the CPU-386 board enables 
access to user I/O signals on the VMEbus back­
plane. Serial I/O, parallel I/O, interrupts counter/ 
timer inputs and outputs, and board and user sta­
tus lines (LEDs) are available at rows A and C on the 
P2 connector. See P2 connector pin assignment. 

2.0 Sof!:ware Description 

2.1 Features of FORCEbus/386 

• Powerful command set including: 
- Test facilities 
- Depuggin'g tools 
- Program upload/download facilities 
- Benchmark programs 

• Line assembler/disassembler fully supporting 
all 80386 and 80387 opcodes/mnemonics and 
addressing modes 

• Macro facility for FORCEbug/386 commands 
• Recqll of previous input lines using Control A 
• Program execution timer with 10 msec resolu-
'tion ' 

2.2 General Description 

FORCEbuQ/386 is an EPROM-resident debugging 
package for the CPU-386 board. It features test fa­
cilities, 'debugging tools, a powerful line assembler/ 
disassembler for the 80386 processor, and a macro 
facility for use with all FORCEbug/386 commands. 

2.3 Command Summary 

1. Block Commands: 
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The test facilities allow the user to test and debug 
hard~are ,on the external bus as well as to prove 
functionality of all on-board devices. 
The debugging tools are well suited to download 
programs from a host computer and debug them 
o.n the boa,rd. Inclu~ed is breakpoint setting, 
slngl~-stepplng, contlnu,?us tracing, display and 
modify all processor registers and memory, con-
~~& ' 

With the macro facility, several FORCEbug/386 
commands can be combined in one command 
name and then llxecuted together. 
Upload and download of user application pro­
grams supports both Intel hex or Motorola S-re­
cords. The upload/download facilities of FORCE­
bug/386 may then be used to transfer binary pro­
gram and data between a CPU-386 serial I/O port 
and a host system serial I/O port. 
FORCEbug/386 requires 64 Kbyte of EPROM 
space, and resides in four 27128 EPROMS. Addi­
tionally, approximately 8 Kbyte of read/write mem­
ory are used 'by FORCEbug/386 for vector, para­
meter and macro storage. 

BF 

BM 

BS 

BT 

BV 
BX 

Fill block of memory with constant value 

Move block of memory 

Search a block of memory for a constant value 

Test a block of memory 

Compare two blocks of memory 
Block translate memory 

2. Memory Commands: 

MM 
MD 

MS 

TOUCH 

Display/change memory including line assembly/disassembly 

Display memory contents in Hex and ASCII 

Set memory to an ASCII string 

Set parity for all on-board RAM 
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3. Input/Output Commands: 

PF 

IN 

OUT 

Change serial Input/Output port parameters 

Read contents of I/O location 

Change contents of I/O location 

4. System Commands: 

BENCH 

TIME 

DATE 

TM 

HELP 

VERSION 

SELFTEST 

STATUS 

INTERRUPT 

HALT 

Select/execute benchmarks 

Enable/disable run-time report of user programs 

Set/display real-time clock 

Transparent Mode via Port B 

Display brief summary of available FORCEbug/386 commands 

Display current version number and release date of FORCEbug/386 

Perform selftest of CPU-386 

Display status of on-board control registers 

Enable/disable interrupt servicing 

Halt CPU 

5. Debugging Commands: 

ASM 

DIS 

BP 

SSP 

RD 

GO 
RM 

RL 

T 
TC 

Assemble 80386/80387 instructions 

Disassemble 80386/80387 object code 

Set/remove/display breakpoints 

Set/remove/display software (secondary) breakpoints 

Display formatted 80386/80387 registers 

Start user program at specified address 

Modify 80386 registers 

Set register listto be displayed by RD command 

Trace in single-step mode 

Set trace count 

6. Macro Commands: 

DIR Display list of defined Macros 

KILL Delete defined Macro 

LIST List Macro contents 

MACRO Define a new Macro 

MLOAD Load Macros from memory 

MSAVE Save Macros to memory 

7. Upload/Download Commands: 

LOAD 

SEND 

Load serial code/data from port to memory 

Save serial code/data from memory to port 
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8. Electronic Tag Commands: 

TAG <option> 

NoOption 

L(oad) 

S(tore) 

D(isplay) 

M(odify) 

E(xecute) 

Print list of available Tag commands 

Loads tag data into memory 

Stores tag data from memory 

Displays tag data from tag module 

Edits tag data 

Executes tag configuration data 

9. MMU Commands: 

CD 

DD 

DGDT 

DLDT 

DIDT 

Create segment descriptor 

Delete segment descriptor 

Display Global Descriptor Table 

Display Local Descriptor Table 

Display Interrupt DescriptorTable 

P2 Connector Pin Assignment 

P2A-1 N.C. P2C-1 
P2A-2 +12VDCPuliup P2C-2 
P2A-3 N.C. P2C-3 
P2A-4 +12VDCPuliup P2C-4 
P2A-5 N.C. P2C-5 
P2A-6 Gnd P2C-6 
P2A-7 N.C. P2C-7 
P2A-8 Gnd P2C-8 
P2A-9 N.C. P2C-9 
P2A-10 RTS(Ch.8) P2C-10 
P2A-11 CTS(Ch.8) P2C-11 
P2A-12 Gnd P2C-12 
P2A-13 68901 Timer A Input P2C-13 
P2A-14 68901 Timer A Output P2C-14 
P2A-15 68901 Timer 8 Input P2C-15 
P2A-16 68901 Timer 8 Output P2C-16 
P2A-17 68901 Timer C Output P2C-17 
P2A-18 68901 IRQ P2C-18 
P2A-19 RTCIRQ P2C-19 
P2A-20 N.C. P2C-20 
P2A-21 Status Line (HAL 1) P2C-21 
P2A-22 Status Line (SH UTDOWN) P2C-22 
P2A-23 Status Line (Parity Error) P2C-23 
P2A-24 Status Line (8us Error) P2C-24 
P2A-25 N.C. P2C-25 
P2A-26 Status Line (User 1) P2C-26 
P2A-27 Status Line (User 2) P2C-27 
P2A-28 Status Line (User 3) P2C-28 
P2A-29 Status Line (User 4) P2C-29 
P2A-30 User Switch No.8 P2C-30 
P2A-31 VMEbus Pipeline Inhibit P2C-31 
P2A-32 Gnd P2C-32 

Note: N.C. = Not Connected 
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N.C. 
ConsoleRxD 
ConsoleTxD 
+12VDC Pullup 
N.C. 
RxD(Ch.A) 
TxD(Ch.A) 
+ 12 VDC Pullup 
N.C. 
RxD(Ch.8) 
TxD(Ch.8) 
+ 12 VDC Pullup 
Transmit Clock (Ch. A) 
LC(Ch.A) 
RTS(Ch.A) 
Transmit Clock (Ch. 8) 
6856211A(lnput) 
68562118 (Input) 
6856212A(lnput) 
68562128 (Input) 
6856201 A (Output) 
68562018 (Output) 
68562 02A (Output) 
68562 028 (Output) 
N.C. 
Status Line (EPROM) 
Status Line (DRAM) 
Status Line (1/0) 
Status Line (VM E) 
+5VDCPuliup 
Slot 1 Disable 
Gnd 
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Specification for CPU-386 

CPU 
Clock Frequency 
80387 Numeric Co-Processor 

CPU-386A, CPU-386C 
CPU-386, CPU-386-B 

On-Board DRAM 
CPU-386, CPU-386A 
CPU-386B, CPU-386C 

No. of Wait States 
Byte Parity 
User EPROM Sockets 
EPROM Capacity (Max) 
Serial 1/0 Interfaces 
VMEbus Interface IEEE 1 014 

A32, A24, A 16 
032,024,016,008 (EO), UAT, RMW 

VMEbus Interrupts (Software selectable) 
Maskable 
Non-Maskable 
Autovector option for 

Arbitration (Software selectable) 
Round Robin 
Prioritized 
Single Level 

RESET & ABORT Switches 
FORCEbug/80386 Firmware 
Power Requirements 

+ 5V(max) 
+12V(max) 
-12V(max) 

Operating Temperature 
Storage Temperature 
Relative Humidity 
Board Dimensions (L x W) 
Board Height 
Board Pitch 
No. of VMEbus Slots required 
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80386 
16MHz 

Yes 
No 

2 Mbyte 
8 Mbyte 
o 
x 
Four 28-pin JEDEC 
512 Kbyte 
3 RS-232 (2 Multi-mode) 

x 
x 

IRQHRQ6 
IRQ7 
IRQ1, IRQ3, IRQ5 

x 
x 
x 
x 
32 Kbyte 

6.0Amps 
0.2 Amps 
0.2 Amps 

o to 50 (degrees C) 
-40 to 85 (degrees C) 

10 to 95% (non-condensing) 
233.35 x 160 mm (9.2 x 6.3 in) 
19.20 mm (0.72 in) 
20.33 mm (0.80 in) 
1 



Ordering Information 

SYS80K/CPU-386 
Part No.1 05000 

SYS80K/CPU-386A 
Part No.1 05001 

SYS80K/CPU-3868 
Part No.1 05002 

SYS80K/CPU-386C 
Part No.1 05003 

SYS80K/CPU-386JUM 
Part No. 800500 

SYS80K/CPU-386 

80386 CPU board with 16 MHz clock frequency and 2 Mbytes 
of zero wait-state RAM including documentation and 
FORCEbugJ386 debugger firmware. 

80386 CPU board with 80387 Numeric Coprocessor at 
16 MHz clock frequency and 2 Mbytes of zero wait-state RAM 
including documentation and FORCEbugJ386 debugger 
firmware. 

80386 CPU board with 16 MHz clock frequency and 8 Mbytes 
of zero wait-state RAM including documentation and 
FORCEbugJ386 debugger firmware. 

80386 CPU board with 80387 Numeric Coprocessor at 
16 MHz clock frequency and 8 Mbytes of zero wait-state RAM 
including documentation and FORCEbugJ386 debugger 
firmware. 

User Manual for all CPU-386 versions. 
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FORCE Computers Memory Board Introduction 

With this family of boards FORCE Computers has 
provided a solution to all your memory needs. 
Whether you need very large memory arrays on the 
VMEbus or very fast access to large arrays or 
maybe you need to be able to program EPROMs on 
the bus, FORCE Computers has the answer. This 
family is designed to compliment the other 32 bit 
designs detailed in this data book and 16 bit. 

General Feature Overview 

General purpose 16 bit dynamic RAM require­
ments are satisfied by the SYS68K1DRAM-1 and 
the SYS68K1DRAM-2 boards. These two boards, 
basically the same design, povide either 512 Kbyte 
(DRAM-1) or 2 Mbyte (DRAM-2) of dynamic RAM. 
Refresh control and a complete VMEbus interface 
are included in the designs. In addition, full parity 
protection is provided on both boards for data se­
curity. 
For large memory arrays, FORCE Computers has 
designed the SYS68K1DRAM-E3M/S family and 
the SYS68K1DRAM-E4M/S family. These two de­
signs use the concept of the FLME (Force Local 
Memory Expansion) interface to enable the user to 
expand the total memory capacity of the board to 
meet the requirements of the application. The 
DRAM-E3M1 supports 1 Mbyte of DRAM and can 
be expanded up to 13 Mbyte though the use of the 
slave modules DRAM-E3Sx. These slave boards 
do not have any direct interface to the VMEbus and 
may only be accessed through the master (DRAM­
E3M1). With the use of one of the available slave 
boards, the capacity of the DRAM-E3M1 board will 
appear to be 1 M byte plus the capacity of the slave 
board. The slave boards for the DRAM-E3M1 are 
available in 1 Mbyte, 3 Mbyte and 6 Mbyte capac­
ities. The DRAM-E4M4 supports 4 Mbyte of DRAM 
and can be expanded up to 28 Mbyte through the 
use of the DRAM-E4Sx modules in the same man­
ner as describer above for the DRAM-E3M1. This 
family provides the solution to mass memory re­
quirements. 
The SYS68K1DRAM-6 provides a high speed dyna­
mic RAM array for the VMEbus. The board sup­
ports data write access times of less than 90 ns. 
Read accesses may be achieved in less than 200ns. 
Data throughput of up to 30 Mbyte per second can 
be achieved with this board. These boards provide 
the dynamic RAM performance standard. 
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Memory Board Introduction 

The SYS68K1RR-1 board provides the maximum 
flexibility with regard to the choice of memo!}, de­
vices that the user may wish to use. The board IS 

shipped, either unpopulated (SYS68K1RR-1) or 
which may be populated with EPROM devices pro­
viding 128 Kbyte of EPROM space, or it may be 
shipped with 8 Kbyte SRAM devices providing 128 
Kbyte of static RAM. In the static RAM configura­
tion, battery back up is also provided for power 
down data retention. 
If it's an EPROM board on the VMEbus that you re­
quire, then look no further than the SYS68K1RR-2 
and SYS68K1RR-3. These boards offer the unique 
feature of being able to test your application in 
SRAM and then program your EPROM in a VME­
bus environment without the need for expensive 
EPROM programmers. The board may then be 
used as a standard memory card. These boards 
provide the solution to EPROM resident applica­
tions. 
The SYS68K/SRAM-3 and SYS6BK/SRAM-4 
boards are similar designs to the RR-2 and RR-3 
boards discussed above, the SRAM-3 provides a 
VMEbus and a VMXbus interface, while the SRAM-
4 provides only the VMEbus interface. Both boards 
are provided with a battery back up facility to guar­
antee data retention during power down situ~tions. 
If howver raw performance with the added benefit 
of the security offered by SRAM devices is required 
then the SYS68K1SRAM-5 static RAM board may 
be the answer. This board contains 512 Kbyte of 
high speed static RAM that offers access times of 
less than 55ns for both read and for write cycles. 
This board is the static RAM performance stan­
dard. 



FAMILY DRAM 

BOARD DRAM-1 DRAM-2 

Capacity 512 Kbyte 2 Mbyte 
No. of Memory Areas 2 2 
Byte, Parity X X 

No. of JEDEC Sockets - -

Battery Back-up Board - -
VMEbus Interface 
Decoding 

A24 A24 

Data Transfer Size D8,D16 D8, D16 

Read Access Time 320ns 320ns 
Write Access Time 190ns 190ns 

Detailed Description 227 227 
on Page: 

SRAM 

SRAM-1 SRAM-2 

Not Not 
recommended recommended 

for new for new 
designs designs 

PROM/EPROM 

RR-1 RR-1S 

max. 512 Kbyte 128 Kbyte 
8 8 
- -

16 16 

X X 

A24 A24 

D8,D16 D8,D16 

Selectable 230ns 
Selectable 230ns 

271 271 

... 
~ 

III --... 
~ 

" a o 
-< 
III o 
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FAMILY SRAM 

BOARO SRAM-3A SRAM-3B SRAM-4A SRAM-4B 

Capacity 1 Mbyte 1 Mbyte 
Oevice Organization 32Kx8 32Kx8 

Memory Areas 2 2 

On Board Battery Backup 6000h 6000h 
(Calculated) 

VMEbus Interface 
Oecoding A24,A32 A24,A32 
Oecoding Boundary 512 Kbyte 512 Kbyte 
Oata Transfer Size 08,016,032 08,016,032 

Unaligned Transfer Not X Not X 
Read Modify Write recom- X recom- X 

Read Access Time max. mended 210ns mended 210ns 
Write Access Time max. for new 80ns for new 80ns 

VMXbus Interface designs. designs. 
Oecoding A24 -
Oecoding Boundary 512 Kbyte -
Oata Transfer Size 08,016,032 -
Unaligned Transfer X -
Ready Modify Write X -

Read Access Time max. 210ns -
WriteAccessTime max. 70ns -
Oetailed Oescription 

253 259 on Page: 

SRAM-5 SRAM-6 

512 Kbyte 2 Mbyte 
64Kx1 256Kx1 

1 1 

10000h 6000h 

A24,A32 A24,A32 
512 Kbyte 2 Mbyte 

08,016,032 08,016,032 

X X 
X X 

55ns 55ns 
55ns 55ns 

- -
- -
- -
- -
- -

- -
- -

265 265 

SRAM/ROM/EPROM 

RR-2 RR-3 

up to 16 Mbyte up to 16 Mbyte 
Various Various 

2 2 

Oevice Oevice 
dependent dependent 

A24,A32 A24,A32 
Various Various 

08,016,032 08,016,032 

X X 
X X 

Selectable Selectable 
Selectable Selectable 

A24 -
Various -

08,016,032 -
X -
X -

Selectable -
Selectable -
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FAMILY DRAM-E3 Series DRAM-4 Series 
DRAM-5 DRAM-6 

BOARD DRAM-E3M1 DRAM-E3S3 DRAM-E4M4 DRAM-E4S12 

w ~ W» ~. 

Capacity 1 Mbyte 3 Mbyte 4 Mbyte 12 Mbyte 2 Mbyte III ~ _. 
Device Organization 256Kx1 256Kx1 1Mx1 1Mx1 256Kx1 .. 
Byte Parity X X X X X ~ 
Off Board Battery Back-up X X X X -
VMEbus Interface Decoding A24,A32 - A24,A32 - A24,A32 
Decoding Boundary 256 Kbyte - 256 Kbyte - 1 Mbyte 
Data Transfer Size D8,D16,D32 - D8,D16,D32 - Not D8,D16,D32 

-C 
:::I 
III 
a 

Unaligned Transfer Support X X X X recommended X 
Read Modify Write Support X X X X for new X 

Read Access Time max. 245ns 245ns 225ns 225ns 
designs. 

215ns 
Pre-Read Access Time max. - - - - -

_. 
" ~ 
" Write Access Time max. 65ns 65ns 65ns 65ns 105ns 

Read Ahead Logic - - - - X 
a 
0 

Max. No. of Board(s) - 2with1x-E3M1 - 2 with 1x-E4M4 -
No. of Slots Used 1 1 1 1 1 ~ 
Detailed Description 231 231 239 239 247 
on Page: 
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SYS68K/DRAM-1/2 

System 68000 VME 
SYS68K/DRAM-1/1 
16 Bit Dynamic RAM Board 

• Storage Capacity: 511 Kbyte (DRAM-1) 
I Mbyte (DRAM-I) 

• Byte Parity Checking 
• A24 Addressing 
• I Memory Areas each with Jumper Select­

able Base Address and Address Modifier 
Code 
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General Description 
This board provides additional global RAM capacity 
in a VMEbus based microcomputer system. The 
module is available with 64 Kbit devices for a total 
capacity of 512 Kbyte with byte parity. The memory 
map of the SYS68K1DRAM-1 is organized in two 
areas of 256 Kbyte each with two banks of 128 
Kbyte. The base address of each area is jumper 
selectable in 256 Kbyte increments. 

Memory 
The four memory banks consist of 72 dynamic 
RAM's with an access time of 150 ns. For maxi­
mum reliability and safety, a byte parity check is 
provided for each byte or word transfer. 
The base address of both areas may be jumper 
selected. Each address modifier signal of the VME­
bus can be enabled or disabled for the base address 
decoding via a special jumper selection. Access to 
memory for a read or write operation can either be 
obtained in single byte mode, determined the up­
per or lower data strobe signal, or in double byte 
(word) mode if both data strobes are active. 
The access time of an ordinary write is 200 ns and 
for a read 310 ns. The maximum transfer speed tol 
from the SYS68K1DRAM-1 board is 4 Mbyte/s. 
Refresh circuitry is provided on the board. A com­
plete refresh is performed every 2 milliseconds. 
Every access to the board is delayed by pending 

BLOCK DIAGRAM OF THE SYS68K/DRAM-1/2 

" DATA 

DRAM AREA 1 

256Kx 18 CONTROL 

SYS68K/DRAM-1/2 

refresh for 110 ns. This feature allows the board's 
use in high speed real time applications because 
the maximum access time is 460 ns when refresh is 
in progress. 

Control 
The SYS68K1DRAM-1 has two switches and three 
LED's on the front panel for control and mainte­
nance proposes. Switch S1 sets the board in RUN 
or LOCAL mode. In the RUN mode normal accesses 
from the bus may be performed. In the LOCAL 
mode no read or write transfer can occur to the 
DRAM areas. The RUN/LOCAL mode is indicated 
by LED3 on the front panel and a flag bit is set in the 
Control/Status Register (CSR). 
LED2 turns on upon a parity error indicating that an 
error has occurred. LED2 can only be reset by a 
system reset or a write to the CSR. A parity error 
can be forced by a write to the CSR to test the dif­
ferent error exception features of the board. The 
parity error may be used to generate either a Bus 
Error, SYSFAIL or an interrupt on one of the levels 
4-7 (free selectable). 
In the interrupt exception mode an auto interrupt 
vector number can be jumper selected and the 
master CPU can handle the error with a special 
recovery routine. This feature allows the master 
CPU to check the memory byte under test by per­
forming a write/read cycle. If this test is success-

ST CONTROL I 
:LC 

I ~ 
CONTROL 

LOGIC 

" REFRESH 
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ful, the previous error is assumed to be a soft error. 
If a multiple error occurs, it is considered to be a 
hardware error. For maintenance and error correc­
tion the CSR includes a special software select­
able mode in which the parity check can be dis­
abled. 

either the default jumpered hardware condition or 
the software programmable mode using the CSR. 
The base address of the CSR is free jumper select­
able in 256 byte steps. 

General Description SYS68K/DRAM-2 
The CSR includes, in addition, a special control 
mode for read/write protection. Therefore, each 
area may be set separately by software into a read 
only mode like double bank write and one bank 
read may be used for saving important data (mem­
ory duplication). The front panel switch selects 

The SYS68K/DRAM-2 contains the same features 
as the SYS68K/DRAM-1, like control and status 
register and byte parity. Memory capacity is in­
creased to 2 Mbyte, 1 Mbyte for each area. This 
allows cost reduction using the 256K*1 oriented 
DRAM's. 

Specification 

Storage Capacity 

Word Length 

Page Boundaries 

Control 
Access Times 

Operating Modes 

Power Requirements 
Operating Temperature 
Storage Temperature 
Relative Humidity 
Front Panel 
Board Dimensions 

Ordering Information 

SYS68K/DRAM-1 
Part No. 200000 

SYS68K/DRAM-2 
Part No. 200001 

SYS68K/DRAM-1/2-UM 
Part No. 800004 

512 Kbyte (SYS68K/DRAM-1) 
2 Mbyte (SYS68K/DRAM-2) 
8 Bit with 1 Parity Bit 
16 Bit with 2 Parity Bits 
Free jumper selectable base address (256KB/1 MB Pages) 
Address Modifier decoding 
Control and Status Registerfor Multi Mode Control 
Write Access 190 ns (min) Write Access 21 0 ns (max) 
Read Access 320 ns (min) Read Access 350 ns (max) 
Write Cycle 355 ns (max) Read Cycle 400 ns (max) 
Write (Word or Byte) 
Read (Word or Byte) 
Read-Modify-Write (Word or Byte) 
Read/Write Protection ju mper Selectable 
or Software Programmable 
+5V/2.0A (max) Operating Mode +5v/1.8A(typ) 
o to +50 degrees C 
-50 to +85 degrees C 
0-95% (non-condensing) 
6HEl4TE 
Double Eurocard 234 x 160 mm (9.2 x 6.3 inch) 

512 Kbyte dynamic RAM 
Board with Byte Parity incl. User's Manual 

2 Mbyte dynamic RAM 
Board with Byte Parity incl. User's Manual 

User's Manual for DRAM-1/2 
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System 68000 VME 
SYS68K/DRAM·E3M/S 
31 Bit Dynamic Memory Board with 
Byte Parity and FME Interface 

• 32 Address Lines are supported 
• 32 Data Lines are supported 
• Support of the Unaligned Transfer UAT 

(IEEE 1014 standard) 
• 75ns Write Access Time 
• 245ns Read Access Time 
• Parity check for each byte 
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General Description 
SYS68K/DRAM-E3M1 
The SYS6SKlDRAM-E3M1 board is a high speed 
dynamic memory board supporting 32 address 
and data lines, including byte parity check. The 
address modifier codes are free jumper selectable. 
The memory capacity of 1 Mbyte can be expanded 
via FME* slave boards to a maximum capacity of 
13 Mbyte. 
The block diagram of the DRAM-E3M1 board 
shows the building blocks in detail. 

SYS68K/DRAM-E3M1 Features 
• 1 Mbyte dynamic RAM 
• 75ns Write Access Time 
• 245ns Read Access Time 
• Parity check for each byte 

BLOCK DIAGRAM OF THE SYS68K/DRAM-E3M1 
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• 32 Address Lines are supported 
• 32 Data Lines are supported 
• Support of the Unaligned Transfer UAT (IEEE 

1014**) 
• Read Modify Write is supported (S, 16, 24 and 

32 bit) 
• Address Modifier Code and Access Address 

free jumper selectable 
• Refresh Interleave 
• FME Interface 
• Battery Backup through P2 
• RUN/LOCAL function switch 
• RUN/LOCAUACCESS and ERROR indication 

LEDs 
FME' Force Memory Expansion 
IEEE 1 014" Bus standard (VMEbus) of the 

I EEE Computer Society TC 
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Functional Description 
All of the technical features of the DRAM-E3M1 
board are briefly described in the following para­
graphs: 

1. Memory Capacity and Organization 
The DRAM-E3M1 board consists of 36 dynamic 
RAM chips with an internal organization of 256K by 
1 bit. 32 chips are used for data storage and 4 chips 
contain the parity information. 
The total capacity of the DRAM-E3M1 board is 1 
Mbyte. 
The selected address modifier code (A32 or A24) 
defines the decoding range of the memory. Auto­
matic adjustment to the VMEbus transfer type (8, 
16,24 or 32 bit) is provided. 
The IEEE 1014 unaligned transfers (Read, Write 
and Read-Modify-Write) for the 68020 are support­
ed. 

Data Transfer Types 024- 016- 08- 00-
ReadlWrite and 031 023 015 07 
Read-Modify-Write 

Even x 
Single Byte 

Odd x 

Double Byte x x 

Quad Byte x x x x 

Unaligned Transfer x x x 
x x x 
x x 

2. The Parity Check 
A byte parity check is installed on the board to pro­
vide error checking. The parity check can be en­
abled or disabled via jumper settings. The timing to 
the RAM chips is identical in both modes, but the 
access time for a Read cycle is 30ns faster if the pa­
rity check is disabled. 
If a parity error occurs, the red FAIL LED on the front 
panel turns on, and a BERR is forced to the VME­
bus. The latched ERROR status can be reset via a 
switch on the front panel. 

3. Access Times 
The DRAM-E3M1 contains address and data 
latches to provide maximum throughput to the 
VMEbus. 
If an access is performed on the DRAM-E3M1 
board, the yellow SELECT LED on the front panel 
turns on. 

Access Times Typ max 

WRITE 65ns 75ns 

READ with Parity Check 260ns 275ns 
READ without Parity Check 230ns 245ns 

Overhead time for Refresh 120ns 450ns 

4. The Refresh 
The refresh for the dynamic RAMs is distributed 
over 4ms and provision is made to minimize the 
overhead and delay to the VMEbus accesses. 
After the internal read cycle of the DRAMs is fin­
ished and the data on a read cycle has been stored in 
the output data latches, a pending refresh request 
(every 15us) is executed independent from all VME­
bus activities. Therefore the overhead time for the 
VMEbus protocol is used to refresh the RAMs. In 
addition to the refresh interleave, a refresh to the 
DRAMs is forced if no on-board access is detected 
between 11 and 15us after the execution of the last 
refresh. 
The refresh control logic for the FME slave modules 
(memory expansion) is included on the DRAM­
E3M1 board. 

5. Battery Backup 
All of the DRAMs and the control logic can be 
powered through the P2 connector. The typical 
power consumption of the DRAM-E3M1 board in 
the battery backup mode is 1.0A if refresh is not 
active, and 2.4A if a refresh cycle is executed (peak 
current). Due to the limitation of the power con­
sumption of 1.2A per DIN connector pin, 3 pins on 
the P2 connector are used to provide the battery 
backup. For special purposes the P1 STDBY line 
can be used to power the board. 

6. The Address Selection 
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Easy address and address modifier code selection 
is provided through jumper fields. The access add­
ress is jumper selectable in 256 Kbyte increments 
over the whole range of 16 Mbyte or 4 Gbyte. The 
start and end address selection is not memory 
capacity dependent including FME memory ex­
pansion. 
Twelve different address modifier codes are jum­
per selectable. Each of the AM-codes can be en­
abled seperately via jumper settings. 
24 and/or 32 address lines are supported on the 
DRAM-E3M1 to provide maximum flexibility for 16 
and 32 bit microprocessors. 



Usable Address Modifier Codes: 

No HEX Address Function 
Code Modifier 

1 3E HHHHHL Standard Supervisory 
Program Access 

2 3D HHHHLH Standard Supervisory 
Data Access 

3 3A HHHLHL Standard Non-priviledged 
Program Access 

4 39 HHHLLH Standard Non-priviledged 
Data Access 

5 OE LLHHHL Extended Supervisory 
Program Access 

6 OD LLHHLH Extended Supervisory 
Data Access 

7 OA LLHLHL Extended Non-priviledged 
Program Access 

8 09 LLHLLH Extended Non-priviledged 
Data Access 

9 XX XXXXXX Respond Always 

10 1E LHHHHL User defined 
11 10 LHHHLH User defined 
12 19 LHHLLH User defined 

7. RUN/LOCAL Switch 
A RUN/LOCAL switch can be used to isolate the 
DRAM-E3M1 from the VMEbus during mainte­
nance or for test purposes. The state is shown on 
two LEOs available on the front panel. 

The FME Concept 

r-l FME INTERFACE 

C 1 P3 

$ ~ P I 1 Mbyte 

\ 

DECODING U lOGIC 
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\ VMEbus 
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8. TheFME 
The SYS68K1DRAM-E3M1 supports the FME 
(FORCE Memory Expansion) to provide cost effec­
tive memory expansion through FME slave boards. 
The FME master interface on the DRAM-E3M1 
supports a maximum of 2 FME slave boards which 
can be connected directly to the DRAM-E3M 1 via a 
96 pin DIN connector (P3). No time overhead is in­
curred through the FME expansion slave modules. 
The access times listed in paragraph 3 are valid for 
the onboard RAM as well as for the FME slave 
modules. 
The FME concept allows the local memory exten­
tion of RAM and CPU boards by using their on­
board DRAM control logic as well as their bus inter­
faces. 
The FME allows easy system integration using the 
VMEbus and/or VMXbus for memory expansion in 
high performance system configurations. 
Slave boards are available with a capacity of 1 and 
3 Mbyte. Therefore a maximum capacity of 7 Mbyte 
is provided using the DRAM-E3M1 and 2 slave 
boards, both with 3 Mbyte capacity. 

V P3 I) 
J. II I II 
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P 1 Mbyte 

II 

J P 1 Mbyte 
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General Description 
SYS68K/DRAM-E3SX 
The SYS68K1DRAM-E3SX boards are high speed 
dynamic memory boards based on the FME. Each 
of the slave boards contains 32-bit data and 4 parity 
bits as well as the complete decoding logic for the 
FME. Two different memory boards with a capacity 
of 1 and 3 Mbyte are available. 

SYS68K/DRAM-E3SX Features 
• FME Slave board 
• 32 data lines are supported 
• 4 parity bits 
• 4 strobes control every byte seperately 
• Read Modify Write is supported 
• Parity Error LED 
• AccessLED 
• Refresh Interleave Support 
• DRAM-E3S1 : 1 Mbyte RAM 

DRAM-E3S3 : 3 Mbyte RAM 

BLOCK DIAGRAM OF THE SYS68K/DRAM-E3S3 
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Functional Description 
The FME boards DRAM-E3S1/3 are designed to in­
terface any FME master board as a memory ex­
pansion. FME master board (DRAM-E3M1) controls 
the access as well as the refresh function of the 
DRAMs on the slave boards. The FME master board 
has to achieve timing and control to the slave mod­
ules for optimized throughput. 
All the memory range decoding and bank selection 
is made on the master board to allow the use of 
every slave board in 8, 16 or 32 bit environments. 
Each of the DRAM-E3SX boards uses 256Kx 1 
oriented DRAMs with an access time of 120 ns. The 
DRAM-E3S1 and E3S3 boards use Dual Inline 
packages. 
To avoid power consumption peaks, the DRAM­
E3SX boards can refresh the memory cells for each 
memory bank seperately. The FME master board 
controls this function. 

I BANK 1 BANK 1 BANK 1 
N 
T 
E P BYTE 1 P BYTE 2 P BYTE 3 

R 
F 

BANK 2 BANK2 BANK2 

A 
C P BYTE 1 P BYTE 2 P BYTE 3 

E BANK3 BANK3 BANK 3 
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Specification SYS68K/DRAM-E3M/S 

E3M1 E3S1 E3S3 

Memory Capacity 1 Mbyte 1 Mbyte 3 Mbyte 
Organization 32+4Bit 32+4Bit 32+4 Bit 
Data Transfer Mode any of 4 bytes Yes Yes Yes 
Used DRAM Organization 256Kx1 256Kx1 256Kx1 
DRAM Chips 36pcs 36pcs 10Bpcs 
RAS DRAM Access Time 120ns 120ns 120ns 
Interface FME FME FME 

(master) (slave) (slave) 
VMEbus 

Access Times Write 65 65 65 
With Parity Check Read 260 260 260 
Without Parity Check Read 210 210 210 
Power Requirements 

+5V (Refresh Peak) 5.9A 2.BA 3.5A 
+5V (Average Max) 4.3A 2.1A 2.9A 
+5V (Average Typ) 3.2A 1.4A 1.5A 
+5VBATTERY 0.9-2.1A 0.4-2.1A 0.B-2.9A 

Operating Temperature Oto+60 Oto+60 Oto+60 
(degreesC) 
Storage Temperature -55to+B5 -55to+B5 -55to+B5 
(degreesC) 
Relative Humidity 0-95% 0-95% 0-95% 
(non-condensing) 
Double Eurocard Yes Yes Yes 
233x160mm (9.2x6.3") 

Ordering Information 

SYS6BKlDRAM-E3M 1 1 Mbyte DRAM card for 32 bit including the FME master 
Part N01. 200004 interface and E3M1/HUM. 

SYS6BKlDRAM-E3S1 1 Mbyte DRAM card for memory expansion. 
Part No. 2001 01 HUM included. 

SYS6BKlDRAM-E3S3 3 Mbyte DRAM card for memory expansion. 
Part No. 2001 03 HUM included. 

SYS6BKlDRAM-E3M/E3S/HUM Hardware User's Manual for the SYS6BKlDRAM-E3 boards 
Part No. B00043 
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System 68000 VME 
SYS68K/DRAM·E4M/S 
3i Bit Dynamic Memory Board with 
Byte Parity and FME Interface 

• 32 Address and Data Lines are supported 
• Support of the Unaligned Transfer UAT 
• 75 ns Write Access Time 
• 225 ns Read Access Time 
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General Description 
SYS68K/DRAM-E4M4 
The SYS68K1DRAM-E4M4 board is a high speed 
dynamic memory board supporting 32 address 
and data lines, including byte parity check. The 
address modifier codes are free jumper selectable. 

SYS68K/DRAM-E4M4 Features 
• 4 Mbyte dynamic RAM 
• 75ns Write access time 
• 225ns Read access time 
• Parity check for each byte 
• 32 address lines are supported 
• 32 data lines are supported 
• Support of the Unaligned Transfers UAT (IEEE 

1014**) 
• Read-Modify-Write is supported (8, 16, 24 and 

32 bit) 

BLOCK DIAGRAM OF THE SYS68K/DRAM-E4M4 
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The memory capacity of 4 Mbyte can be expanded 
via FME* slave boards to a maximum capacity of 28 
Mbyte. 
The block diagram of the DRAM-E4M4 board 
shows the building blocks in detail. 

• Address Modifier code and access address free 
jumper selectable 

• Refresh interleave 
• FME interface 
• Battery backup through P2 
• RUN/LOCAL function switch 
• RUN/LOCAUACCESS and ERROR indication 

LEDs 
FME' Force Memory Expansion 
IEEE 1014" Bus standard (VMEbus) of the 

IEEE Computer Society Te. 
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Functional Description 
All of the technical features of the DRAM-E4M4 
board are briefly described in the following para­
graphs: 

1.1 Memory Capacity and Organization 
The DRAM-E4M4 board consists of 36 dynamic 
RAM chips with an internal organization of 1 M x 
1 bit. 32 chips are used for data storage and 4 chips 
contain the parity information. 
The total capacity of the DRAM-E4M4 board is 4 
Mbyte. 
The selected address modifier code (A32 or A24) 
defines the decoding range of the memory. Auto­
matic adjustment to the VMEbus transfer type 
(8, 16, 24 or 32 bit) is provided. 
The IEEE 1014 Unaligned Transfers (Read, Write 
and Read-Modify-Write) for the 68020 are support­
ed. 

Data transfer types D24- D16- D8- DO-
ReadlWrite and 31 23 D15 D7 
Read-Modify-Write 

even x 
Single byte 

odd x 

Double byte x x 

Quad byte x x x x 

Unaligned Transfer x x x 
x x x 
x x 

1.2 The Parity Check 
A byte parity check is installed on the board to 
provide error checking. The parity check can be 
enabled or disabled via jumper settings. The timing 
to the RAM chips is identical in both modes but the 
acce~s time for a read cycle is 30ns fast~r if the 
parity check is disabled. 
If a parity error occurs, the red FAIL LED on the front 
panel turns on, and a BERR is forced to the VME­
bus. The latched ERROR status can be reset via a 
switch on the front panel. 

1.3 Access Times 
The QRAM-E4M4 contains address and data 
latches to provide maximum throughput to the 
VMEbus. 
If an access is performed on the DRAM-E4M4 
board, the yellow SELECT LED on the front panel 
turns on. 

Access Times Typ Max 

WRITE 65ns 75ns 

READ with parity check 225ns 245ns 
READ without parity check 195ns 215ns 

Overhead time for refresh 120ns 450ns 

1.4 The Refresh 
The refresh for the dynamic RAMs is distributed 
over 4ms and provision is made to minimize the 
overhead and delay to the VM Ebus accesses. 
After the internal read cycle of the DRAMs is finished 
and the data on a read cycle has been stored in the 
output data latches, a pending refresh request 
(every 15us) is executed independent from all VME­
bus activities. Therefore the overhead time for the 
VMEbus protocol is used to refresh the RAMs. In 
addition to the refresh interleave, a refresh to the 
DRAMs is forced if no on-board access is detected 
between 11 and 15us after the execution of the last 
refresh. 
The refresh control logic for the FM E slave modules 
(memory expansion) is included on the DRAM­
E4M4board. 

1.5 Battery Backup 
All of the DRAMs and the control logic can be power­
ed through the P2 connector. The typical power 
consumption of the DRAM-E4M4 board in the 
battery backup mode is 1.0A if refresh is not active 
and 2.4A if a refresh cycle is executed (peak current): 
Due to the limitation of the power consumption of 
1.2A per DIN connector pin, 3 pins on the P2 con­
nect,?r are used to proVide the battery backup. For 
special purposes the P1 STDBY line can be used to 
power the board. 
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1.6 The Address Selection 
Easy address and Address Modifier code selection 
is provided through jumper fields. The access 
address is jumper selectable in 256 Kbyte incre­
ments over the whole range of 16 Mbyte or 4 Gbyte. 
The st~rt and end add~ess selection is not memory 
capa?lty dependent Including FME memory ex­
pansion. 
Twelve different Address Modifier codes are jumper 
selectable. Each of the AM-codes Gan be enabled 
separately via jumper setting. 



Usable Address Modifier Codes: 

No HEX Address Function 
Code Modifier 

1 3E HHHHHL Standard supervisory 
program access 

2 3D HHHHLH Standard supervisory 
data access 

3 3A HHHLHL Standard non-privileged 
program access 

4 39 HHHLLH Standard non-privileged 
data access 

5 OE LLHHHL Extended supervisory 
program access 

6 OD LLHHLH Extended supervisory 
data access 

7 OA LLHLHL Extended non-privileged 
program access 

8 09 LLHLLH Extended non-privileged 
dataacces~ 

9 XX XXXXXX Respond Always 

10 1E LHHHHL User defined 
11 10 LHHHLH User defined 
12 19 LHHLLH User defined 

24 and/or 32 address lines are supported on the 
DRAM-E4M4 to provide maximum flexibility for 16 
and 32 bit microprocessors. 

The FME Concept 
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1.7 RUNiLOCALSwitch 
A RUN/LOCAL switch can be used to isolate the 
DRAM-E4M4 from the VMEbus during maintenance 
or for test purposes. The state is shown on two 
LEDs available on the front panel. 

1.8TheFME 
The SYS68K1DRAM-E4M4 supports the FME 
(FORCE Memory Expansion) to provide cost effec­
tive memory expansion through FME slave boards. 
The FME master interface on the DRAM-E4M4 
supports a maximum of 2 FME slave boards which 
can be connected directly to the DRAM-E4M4 via a 
96 pin DIN connector (P3). No time overhead is 
incurred through the FME expansion slave modules 
because the access times listed in paragraph 3 are 
valid for the on-board RAM as well as for the FME 
slave modules. 
The FME concept allows the local memory exten­
sion of RAM and CPU boards by using their on-board 
DRAM control logic as well as their bus interfaces. 
The FME allows easy system integration using the 
VMEbus and/or VMXbus for memory expansion in 
high performance system configurations. 
Slave boards are available with a capacity of 12 
Mbyte. Therefore a maximum capacity of 28 Mbyte 
is provided using the DRAM-E4M4 and 2 slave 
boards, both with 12 Mbyte capacity. 

~I 

f P3 I) 

1 I II 
P3 1 

P 4 Mbyte 

II 
P 4 Mbyte 

II 

ED P 4 Mbyte 

P2 l Pl ~ 
\\ VMEbus I 
II 
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General Description 
SYS68K/DRAM-E4S12 
The SYS68K1DRAM-E4S12 board is a high speed 
dynamic memory board based on the FME. Each 
slave board contains 32-bit data and 4 parity bits as 
well as the complete decoding logic for the FME. 
A memory board with a capacity of 12 Mbyte is 
available. 

SYS68K/DRAM-E4S12 Features 
• FME slave card 
• 32 data lines are supported 
• 4 parity bits 
• 4 strobes control every byte separately 
• Read-Modify-Write is supported 
• Parity error LED 
• AccessLED 
• Refresh interleave support 
• DRAM-E4S12: 12 Mbyte RAM 

BLOCK DIAGRAM OF THE SYS68K/DRAM-E4S12 
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E 

SYS68K/DRAM-E4M/S 

Functional Description 
The FME board DRAM-E4S12 is designed to inter­
face any FME master board as a memory expan­
sion. FME master boards (i.e. DRAM-E4M4) control 
the access as well as the refresh function of the 
DRAMs on the slave boards. The FME master 
board has to achieve timing and control to the slave 
modules for optimized throughput. 
All the memory range decoding and bank selection 
is made on the master board to allow every slave 
board to be used in 8, 16 or 32 bit environments. 
The DRAM-E4S12 board uses 1 Mx 1 oriented 
DRAMs with an access time of 100 ns. 
To avoid power consumption peaks, the DRAM­
E4S12 board can refresh the memory cells for each 
memory bank separately. The FME master board 
controls this function. 

I BANK 1 BANK 1 BANK 1 
N 
T 
E P BYTE 1 BYTE 2 BYTE 3 

R BANK2 BANK 2 BANK 2 
F 
A 
C P BYTE 1 BYTE 2 BYTE 3 

E BANK3 BANK3 BANK 3 
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Specification SYS68K/DRAM-E4M/S 

Memory Capacity 
Organization 
Data Transfer Mode 
anyof4 byte 
Used DRAM Organization 
DRAM Chips 
RAS DRAM Access Time 
Interface 

Access Times Write 
With Parity Check Read 
Without Parity Check Read 
Power Requirements: 

+5V (Refresh Peak) 
+5V (Average Max) 
+5V (Average Typ) 
+5VBATTERY 

Operating Temperature 
(degrees C) 
Storage Temperature 
(degreesC) 
Relative Humidity 
(non-condensing) 
Double Eurocard 
233 x 160mm (9.2 x 6.3") 

Ordering Information 

SYS6BKlDRAM-E4M4 
Part No. 20011 0 

SYS6BKlDRAM-E4S12 
Part No. 200113 

SYS6BKlDRAM-E4M/E4S/UM 
Part No. B001 05 

E4M4 E4S12 

4 Mbyte 12 Mbyte 
32+4bit 32+4 bit 

Yes Yes 

1 Mx1 1 Mx 1 
36pcs 10Bpcs 
100ns 100ns 
FME FME 

(master) (slave) 
VMEbus 

65 65 
225 225 
195 195 

5.9A 5.0A 
4.3A 4.BA 
3.2A 4.6A 
2.4A 

Oto+60 Oto+60 

-55 to +B5 -55to+B5 

0-95% 0-95% 

Yes Yes 

4M byte DRAM card for 16 and 32 bit environments. 
FME master interface and user's manual included. 

12M byte DRAM card for FM E mem,?ry expansion. 
User's manual included. 

User's manual for the SYS6BKlDRAM-E4 board series. 
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SYS68K/DRAM-6 

System 68000 VME 
SYS68K/DRAM·6 
32 Bit High Speed 
Dynamic RAM Board 

• 2 Mbyte Memory Capacity 
• 95/200ns Access Time 
• IEEE 1014 VMEbus Interface 
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General Description 
SYS68K/DRAM-6 

The SYS68K/ORAM-6 board is an ultra high speed 
memory board using dynamic RAMs. It provides 
2 Mbyte of RAM including byte parity generation/ 
check, supporting all 32 address and 32 data lines 
as defined in the IEEE 1014 Standard (VMEbus 
Rev. C). 
Maximum data throughput on the VMEbus is provi­
ded by the on-board logic which allows read access 
times of 200 ns and write access times of 95 ns. 
The early write operation provides a 95 ns write 
operation by latching all data internally and execu­
ting the write operation to the ORAMs fully asyn­
chronous to the VMEbus activities. 
Easy installation is provided because the access 
address of the DRAM-6 board is jumper selectable 
in 1 Mbyte increments and each of the defined ad­
dress modifier codes is jumper selectable. 

BLOCK DIAGRAM OF THE SYS68K/DRAM-6 
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Features of the SYS68K/DRAM-6 

• 2 Mbyte dynamic RAM on DRAM-6 
Access Times: Read: 200 ns (typ.) 

Write: 95 ns (typ.) 
• 32 Address and Oata Signals supported 
• Byte Parity Generation/Check 
• Interleaved Refresh every 15 us 
• VMEbus Interface: 

A32: 032, 016, 08, 0(0), UAT, RMW 
A24: 032, 016, 08, 0(0), UAT, RMW 

• RUN/LOCAL Switch 
• Access Indicator 
• FAIL Indicator 
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Functional Description 
All of the technical features of the DRAM-6 board 
are briefly described in the following paragraphs: 

1. Memory Capacity and Organization 
The DRAM-6 board consists of 72 dynamic RAM 
chips with an internal organization of 256 K x 1 bit. 
64 chips are used for data storage and 8 devices 
contain the parity information. 
The total capacity of the DRAM-6 board is 2 Mbyte. 
The selected address modifier code (A32 or A24) 
defines the decoding range of the memory. Auto­
matic adjustment to the VMEbus transfer type 
(8,16,24 or 32 bit) is provided. 
The IEEE 1014 unaligned transfers (Read, Write and 
Read Modify Write) for the 68020 are supported. 

Data Transfer Types 
ReadlWrite and 024-31 016-23 08-015 00-07 
Read Modify Write 

Single Byte Even x 
Odd x 

Double Byte (Word) x x 
Quad Byte 

x x x x (Long Word) 

Unaligned Transfer x x x 
x x x 
x x 

2. The Parity Check 
A byte parity check is installed on the board to pro­
vide error checking. 
If a parity error occurs, the red FAIL LED on the 
front panel turns on, and a BERR is forced to the 
VMEbus. The latched ERROR status can be reset 
via a system reset. 

3. Access Times 
The DRAM-6 contains address and data latches to 
provide maximum throughput to the VMEbus. 

Access Times Typ Max 

WRITE 95ns 105ns 

READ 200ns 215ns 

Overhead Time for Refresh 270ns 

If an access is performed on the DRAM-6 board, 
the yellow SELECT LED on the front panel turns on. 

4. The Refresh 
The refresh for the dynamic RAMs is distributed 
over 4 ms and provision is made to minimize the 
overhead and delay to the VMEbus accesses. 

After the internal read cycle of the DRAMs is fini­
shed and the data on a read cycle has been stored in 
the output data latches, a pending refresh request 
(every 15 us) is executed independent from all 
VMEbus activities. Therefore the overhead time for 
the VMEbus protocol is used to refresh the RAMs. 
In addition to the refresh interleave, a refresh to the 
DRAMs is forced if a not on-board access is detec­
ted between 11 and 15 us after the execution of the 
last refresh. 

5. The Address Selection 
Easy address and address modifier code selection 
is provided through jumper fields. The access ad­
dress is jumper selectable in 1 Mbyte increments 
over the whole range of 16 Mbyte or 4 Gbyte. 
All defined address modifier codes are jumper se­
lectable. Each of the AM-codes can be enabled se­
parately via jumper setting. 
24 and/or 32 address lines are supported on the 
DRAM-6 to provide maximum flexibility for 16 and 
32 bit microprocessors. 

Usable Address Modifier Codes: 

No 
HEX Address 

Function 
Code Modifier 

1 3E HHHHHL Standard Supervisory 
Program Access 

2 3D HHHHLH Standard Supervisory 
Data Access 

3 3A HHHLHL Standard Non-privileged 
Program Access 

4 39 HHHLLH Standard Non-privileged 
Data Access 

5 OE LLHHHL Extended Supervisory 
Program Access 

6 00 LLHHLH Extended Supervisory 
Data Access 

7 OA LLHLHL Extended Non-privileged 
Program Access 

8 09 LLHLLH Extended Non-privileged 
Data Access 

9 XX XXXXXX Respond Always 

10 1E LHHHHL User defined 

11 10 LHHHLH User defined 

12 19 LHHLLH User defined 

7. RUN/LOCAL Switch 
A RUN/LOCAL switch can be used to isolate the 
DRAM-6 board from the VMEbus during mainten­
ance or for test purposes. The state is shown on 
two LEDs available on the front panel. 
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Specifications of the SYS68K1DRAM-6 

Memory Capacity 

Organization 

Used DRAM Organization 

DRAM Chips 

RAS DRAM Access Time 

IEEE 1014 (VMEbus Rev.C) Interface 

A32: 032, 016, 08, 0(0), UAT, RMW 

A24: 032, 016, 08, 0(0), UAT, RMW 

Access Times: 
Read Access Time 
Write Access Time 

Power Requirements: 

+5V (Refresh Peak) 
+5V (Average Max) 
+5V (Average Typ) 

Operating Temperature 
(DegreesC) 

Storage Temperature 
(DegreesC) 

Relative Humidity 
(non-condensing) 

Double Eurocard 
233 x 160 mm (9.2 x 6.3") 

Ordering Information 

SYS68K/DRAM-6 
Part No. 200130 

SYS68K/DRAM-6/UM 
Part No. 800134 
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DRAM-6 

2 Mbyte 

64+8Bit 

256Kx 1 

72pcs 

100ns 

Yes 

Yes 

Yes 

Typ Max 
200ns 215ns 

95ns 105ns 

5.9A 
5.3A 
4.8A 

Oto+60 

-55to+85 

0-95% 

Yes 

2 Mbyte ORAM card for32 bit address and 
data including documentation. 

Hardware User's Manual for the 
SYS68K/DRAM-6 board. 





SYS68K/SRAM-3B 

System 68000 VME 
SYS68K/SRAM·3B 
32 Bit Static RAM Board 
with VMEbus and VMXbus Interface 

• , Mbyte static RAM 
• On-board battery backup 
• 80/210ns Write/Read access time 
• Jumper selectable access address 
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General Description 
The SYS68K1SRAM-3B board provide full static 
memory with an on-board battery back-up acces­
sible from the VM Ebus as well as from the VMXbus. 
The 32 bit address and data support in conjunction 
with the fast static RAMs, offers high data through­
put with maximum reliability. Access Address and 
Address Modifier code of the two memory areas 
are jumper selectable. 

BLOCK DIAGRAM OF THE SYS68K1SRAM-3B 
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SYS68K/SRAM-3B 

The SRAM-3B provides 1 Mbyte of dual ported 
high speed static RAM. 
The two memory areas, both holding half of the 
memory capacity can be assigned to respond to 
VMEbus only, VMXbus only, or VMEbus and 
VMXbus transfers. 
An on-board voltage sensor detects if the main 
power is out of specification and enables the on­
board battery back up for the SRAMs realized with 
a lithium battery. 
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Features of the SYS68K1SRAM-3B 
• 1024 Kbyte SRAM on SRAM-38 
• VMEbus Interface supporting the following data 

transfer modes: 
A24: 032, 032NA, 016, 08 
A32: 032, 032NA, 016, 08 

Read-Modify-Write cycles are supported for 
mUlti-processor synchronization with the 
VMXbus. 

• VMXbus interface supporting the following data 
transfer modes: 

A24: 032, 032NA, 016, 08 
Read-Modify-Write cycles are supported for 
multi-processor synchronization with the VME­
bus. 

• 2 memory areas which each have separate jum­
per selectable access addresses and address 
modifier codes. 

Typical Access Times: 

VMEbus VMXbus 

Write 80ns 70ns 
Read 210ns 210ns 

• On-board battery back-up provides data re­
tention for up to 1 year. 

1.0 Functional Description 
The SRAM-38 static RAM board provides 1 Mbyte 
of dual ported memory. 
VMXbus and VMEbus accesses are supported and 
a fast arbitration logic provides only 35ns overhead 
when switching from one bus interface to the other. 
The fully latched address and data bus provide an 
Interleaved Write operation to minimize bus over­
head and support a maximum transfer rate on the 
VMEbus of 4M transfer/sec which results in a 
16 Mbyte/s data throughput using 32 bit of data. 
Installation in 16 or 32 bit environments is provided 
through the address modifier decoding (A24 or A32 
mode) which defines the address range to be 
decoded. 
Automatic data bus sizing and adaptation to 16 or 
32 bit environments is provided through the on­
board hardware logic. 
The functional details of the VMEbus and VMXbus 
interface, the battery back-up and the decoding 
are described in the following paragraphs. 

1.1 The VMEbus Interface 
A full IEEE 1014 standard compatible interface 
which supports the unaligned transfers is installed 
on the SRAM-38 boards. 
32 bit of data and address are supported to take full 
advantage of 16 and 32 bit processor boards and 
OMA Controllers. 

The following table lists the supported data transfer 
modes: 

Transfer 031- 023- 015- 07-
Type 024 016 08 DO 

8yte x x 

Word x x 
Word x x 
(unaligned) 

38yte x x x 
(unaligned) x x x 

Long Word x x x x 

The address and data transfer modes supported 
on the SRAM-38 board is: 

A24: 032, 032NA, 016, 08 
A32: 032, 032NA, 016, 08 

Installation in 16 and 32 bit environments is possi­
ble using the address modifier selection. Each of 
the two fully independent memory areas, each con­
sisting of half of the memory size, contains its own 
decoding logic, which allows the separation and 
assignment of different data/program segments. 
A RUN/LOCAL switch to enable or disable acces­
ses from the VMEbus is installed on the SRAM-38 
board. This switch allows the assignment of the 
board to the VMXbus or as a dual ported memory if 
the corresponding switch for the VMXbus interface 
is set to enable VMXbus transfers. If the correspon­
ding switch is set to disable the VMXbus interface, 
only VMEbus transfers are allowed. 
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For mUlti-processor synchronization, all defined 
Read-Modify-Write cycles are supported. A VME­
bus Read and the following Write transfer cannot 
be interrupted by a VMXbus data transfer modifying 
the same memory location. 
The maximum data throughput of the SRAM-38 is 
16 Mbyte/s without any concurrent VMXbus data 
transfers. 



1.2 The VMXbus Interface 
A VMXbus revision 8 compatible interface support­
ing 32 bit data transfers is installed on the SRAM-38. 
The supported data transfer modes are identical 
to the listed transfer modes in the VMEbus des­
cription. 
Data Transfer Modes: 032, 032NA, 016, 08 
The 23 address lines of the VMXbus are decoded 
and the access address for each of the two me­
mory areas are Jumper selectable within the A24 
address range. 
The access address of the VMEbus (A24 mode) 
and the VMXbus are identical to maintain linear 
addressing. 
In conjunction with the RUN/LOCAL switch of the 
VMEbus interface, the SRAM-38 can be set into 
the following modes: 

ModeA: 
Mode8: 
ModeC: 
Mode 0: 

VMEbus access only 
VMXbus access only 
VM Ebus and VMXbus accesses 
Disable of the VMEbus and 
VMXbus interface 

The Read-Modify-Write cycles defined in the 
VMXbus specification are supported to synchro­
nize multiple CPU boards if the VMEbus and the 
VMXbus interface is enabled. 
The real data throughput on the VMXbus interface 
without concurrent transfers on the VMEbus side is 
13 Mbyte/s using 32 bit data transfers. 

VMXbus Access Times: 

No concurrent 
VMEbus accesses 
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1.3 Address Decoding 
Unique address decoding logic providing a jumper 
selectable access address is installed on the 
SRAM-38. The address lines A31 to A24 of the 
VMEbus are only decoded if the Extended Address 
Modifier code is selected. Otherwise, only the 
address signals up to A23 of the VMEbus and the 
VMXbus are used to detect if the board is addressed 
or not. The two independent memory areas can be 
placed in the 4 Gbyte address range in 512 Kbyte 
steps, depending on the memory capacity. This al­
lows the adaption of the SRAM-38 to various appli­
cations without mirroring memory and losing capa­
city. 
The memory capacity of the SRAM-38 board is 
split into two memory areas, each consisting of ex­
actly half the total capacity as listed below: 

SRAM-38: 1 Mbyte capacity 
The SRAM-38 contains 32 sockets supporting 32 
devices with a 32K x 8 organization. 

1.4 Battery Back-Up 
The SRAM-38 includes power fail detection cir­
cuitry and a lithium battery to guarantee data reten­
tion of the static RAMs for up to 1 year (calculated). 
Data retention time can be extended if the +5V 
ST08Y line is powered while +5V main is not 
active. 
The board automatically detects when the +5V 
power drops below 4.65V and does not respond to 
the VMEbus and the VMXbus. In this case all the 
chip enable and select signals are driven inactive 
and the power down mode is activated. 
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Specification 

Memory 
Memory Capacity 
VMEbus Interface 

VMXbus Interface 

Maximum Access Times 

Data Retention Time 
Special Hardware 
Functions 

Maximum 
Power Requirements 

Operating Temperature 
Storage Temperature 
Relative Humidity 
Dimensions 

Ordering Information 

SYS68K1SRAM-3B 
Part No. 200402 

SYS68K1SRAM-3B/UM 
Part No. 8001 04 

Static RAM organized in 2 Memory Areas 
1 Mbyte on SRAM-3B 
IEEE 1014 standard compatible 
A32:D32,D32NA,D16,D8 
A24:D32,D32NA,D16,D8 
Read-Modify-Write and Unaligned Transfers supported 
Rev.Bcompatible 
A24:D32,D32NA,D16,D8 
Read-Modify-Write and Unaligned Transfers supported 

1st Cycle VMEbus VMXbus Mode 

Write 80ns 70ns no concurrent 
access 

Read 210ns 210ns 

1st Cycle VMEbus VMXbus Mode 

Write 240ns 250ns with concurrent 
access 

Read 370ns 380ns 

6000 h (calculated) 
On board voltage sensor supporting the battery 
back-up ofthe SRAMs 
RUN/LOCAL switch for each bus interface (VMEbus and VMXbus) 
Write protection switch for each of the two memory areas. 
Status and Access Control LEOs on the front panel. 
+5V: 5.6A (P2 Backplane or power 

connection on P2 recommended) 

o to 50 degrees C 
-50 to +85 degrees C (non operating) 
0-90% (non condensing) 
Double Eurocard 
233x160mm 
9.2 x 6.3 inch 

1 Mbyte static RAM board with VMEbus and VMXbus interface 
including documentation. 

User's Manual for the SYS68K1SRAM-3B board. 
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SYS68K/SRAM-4B 

System 68000 VME 
SYS68K/SRAM·4B 
31 Bit Static RAM Board 

• VMEbus Interface (A3i:D3i) 
• 1 Mbyte static RAM 
• On-board battery backup 
• 80/i10ns Write/Read access time 
• Jumper selectable access address 
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General Description 
The SYS68K1SRAM-4B provides full static memory 
with an on-board battery back-up accessible via 
theVMEbus. 
The 32 bit address and data support in conjunction 
with the fast static RAMs, offers high data through­
put with maximum reliability. Access Address and 
Address Modifier code of the two memory areas 
are jumper selectable. 

BLOCK DIAGRAM OF THE SYS68K/SRAM-4B 
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The SRAM-4B provides 1 Mbyte of high speed 
static RAM. 
An on-board voltage sensor detects if the main 
power is out of specification and enables the on­
board battery back up for the SRAMs realized with 
a lithium battery. 
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Features of the SYS68K1SRAM-4B 
• 1024 Kbyte SRAM on SRAM-4B 
• VMEbus Interface supporting the following data 

transfer modes: 
A24: 032, 032NA, 016, 08 
A32: 032, 032NA, 016, 08 

Read-Modify-Write cycles are supported. 
• 2 memory areas which each have separate jum­

per selectable access addresses and address 
modifier codes. 
Write Access Time 80 ns 
Read Access Time 210 ns 

• On-board battery back-up provides data re­
tention for up to 1 year. 

1.0 Functional Description 
The SRAM-4B provides 1 Mbyte of static memory. 
The fully latched address and data bus provide an 
interleaved Write operation to minimize bus over­
head and support a maximum transfer rate on the 
VMEbus of 4M transfer/s which results in a 16 
Mbyte/s data throughput using 32 bit of data. 
Installation in 16 or 32 bit environments is provided 
through the address modifier decoding (A24 or A32 
mode) which defines the address range to be 
decoded. 
Automatic data bus sizing and adaptation to 16 or 
32 bit environments is provided through the on­
board hardware logic. 

1.1 The VMEbus Interface 
A full IEEE 1014 standard compatible interface 
which supports the unaligned transfers is installed 
on the SRAM-4B. 
32 bit of data and address are supported to take full 
advantage of 16 and 32 bit processor boards and 
OMA Controllers. 

The following table lists the supported data transfer 
modes: 

Transfer 031- 023- 015- 07-
Type 024 016 08 DO 

Byte x x 

Word x x 
Word x x 
(unaligned) 

3 Byte x x x 
(unaligned) x x x 

Long Word x x x x 

The address and data transfer modes supported 
on the SRAM-4B is: 

A24: 032, 032NA, 016, 08 
A32: 032, 032NA, 016, 08 

Installation in 16 and 32 bit environments is possi­
ble using the address modifier selection. Each of 
the two fully independent memory areas, each con­
sisting of half of the memory size, contains its own 
decoding logic, which allows the separation and 
assignment of different data/program segments. 
A RUN/LOCAL switch to enable or disable accesses 
from the VMEbus is installed on the SRAM-4B. 
For multi-processor synchronization, all defined 
Read-Modify-Write cycles are supported. A VME­
bus Read and the following Write transfer cannot 
be interrupted. 
The maximum data throughput of the SRAM-4B 
is 16 Mbyte/s. 

VMEbus Access Times: 

I 
Write 

. Read 

1.2 Address Decoding 

I 80ns 
~10ns 

Unique address decoding logic providing a jum­
per selectable access address is installed on the 
SRAM-4B. The address lines A31 to A24 of the 
VMEbus are only decoded if the Extended Address 
Modifier code is selected. Otherwise, only the ad­
dress signals up to A23 of the VMEbus are used to 
detect if the board is addressed or not. The two 
independent memory areas can be placed into the 
4 Gbyte address range in 512 Kbyte steps. This 
allows the adaption of the SRAM-4 boards to 
various applications without mirroring memory and 
losing capacity. 
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The memory capacity of the SRAM-4B board is 
split into two memory areas, each consisting of ex­
actly half the total capacity as listed below: 

SRAM-4B: 1 Mbyte capacity 
The SRAM-4B contains 32 sockets supporting 32 
devices with 32K x 8 organization. 

1.3 Battery Back-Up 
The SRAM-4B includes power fail detection cir­
cuitry and a lithium battery to guarantee data reten­
tion of the static RAMs of up to 1 year (calculated). 
Data retention time can be extended if the +5V 
STOBY line is powered while main +5V is not 
active. 
The board automatically detects when the +5V 
power drops below 4.65V and does not respond to 
the VMEbus. In this case all the chip enable and 
select signals are driven inactive and the power 
down mode is activated. 
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Specification of the SYS68K/SRAM-4B 

Memory 
Memory Capacity 
VMEbus Interface 

Maximum Access Times 

Data Retention Time 
Special Hardware 
Functions 

Maximum Power Requirements 

Operating Temperature 
Storage Temperature 
Relative Humidity 
Dimensions 

Ordering Information 

SYS68K1SRAM-4B 
Part No. 200502 

SYS68K1SRAM-4/UM 
Part No. 800116 

Static RAM organized in 2 Memory Areas 
1 Mbyte 
IEEE 1014 standard compatible 
A32:D32,D32NA,D16,D8 
A24:D32,D32NA,D16,D8 
Read-Modify-Write and Unaligned Transfers supported 

Write 80ns 
Read 210ns 

6000 h (calculated) 
Onboard voltage sensor supporting the battery 
back-up of the SRAMs 
RUN/LOCALswitch 
Write protection switch for each of the two memory areas. 
Status and Access Control LEDs on the front panel. 

(P2 Backplane or power 
+5V: 5.6A connection on P2 recommended) 

o to 50 degrees C 
-50 to +85 degrees C (non operating) 
0-90% (non condensing) 
Double Eurocard 
233x160mm 
9.2 x 6.3 inch 

1 Mbyte static RAM board with VMEbus 
interface including documentation. 

User's Manual for the SYS68K1SRAM-4B board. 
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System 68000 VME 
SYS68K/SRAM·5/6 
32 Bit High Speed Static RAM Board 

• 512 Kbyte or 2 Mbyte SRAM 
• 32 bit VMEbus Interface 
• 55 ns read/write access times 
• On board battery backup 
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General Description 

The SYS68K/SRAM-5/6 boards provide fast static 
memory which is accessible via the VMEbus, ta­
king full advantage of the VMEbus bandwidth. The 
32 bit address and data support, in conjunction 
with the fast static RAMs, offers high data through­
put with maximum reliability. The Access Address 
and Address Modifier codes of the two memory 

BLOCK DIAGRAM OF THE SYS68K1SRAM-5/6 
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areas are jumper selectable. The SRAM-5 features 
512 Kbyte memory capacity built with high speed 
static RAM, while the SRAM-6 provides 2 Mbyte 
capacity. An on-board voltage sensor detects if the 
supply voltage is out of specification, and enables 
the on-board battery backup (two lithium batteries) 
for the SRAMs. 

~/----------------~I 
VMEbus Interface 

~ __ ~~~~~~~~V 
/r-----I~ 

Data 

= 
'---

Control Address 

II 

I II 

==;=n 

AM- I 
Codes V 

I 

/ ~ / - II 
== 

SRAM- I SRAM-
Bank 1 Bank 2 

l) l) 

/ 11 
Battery 

) Backup 

267 

/ I 

Decoding 

and 

Control 

Logic 

V 



Features of the SYS68K1SRAM-5/6 Boards 

- SRAM-5: 512 Kbyte SRAM 
- SRAM-6: 2048 Kbyte SRAM 

- VMEbus Interface supports the following data 
transfer modes: 

A24: D32,D32NA,D16,D8 
A32: D32,D32NA,D16,D8 

Read-Modify-Write cycles are supported. 

- 2 memory areas with high speed static 
CMOS RAMs. 
Write Access Time 55 ns (max), 50 ns (typ) 
Read Access Time 55 ns (max), 50 ns (typ) 

- On-board battery backup provides data 
retention for up to 1 year. 

1.0 Functional Description 

The fully latched address and data bus provide in­
terleaved Read and Write operation to minimize 
bus overhead and to support a maximum transfer 
rate on the VMEbus of 9M transfer/so This results in 
a 36 Mbyte data throughput using 32 bit data. In­
stallation in 16 or 32 bit environments is provided 
through the address modifier decoding (A24 or A32 
mode) which defines the address range to be deco­
ded. Automatic data bus sizing, and adaptation to 
16 or 32 bit environments, are provided through 
on-board hardware logic. 

1.1 The VMEbus Interface 

A full VMEbus IEEE 1014 (Rev C.) compatible inter­
face which supports the unaligned transfers is in­
stalled on the SRAM-5/6 boards. 32 bit of data and 
address are supported to take full advantage of 16 
and 32 bit processor boards and DMA Controllers. 
The following table lists the supported data transfer 
modes: 

Transfer 
Type 031-024 023-016 015-08 07-00 

Byte x 
Byte x 

Word x x 
Word x x 
(unaligned) 

3By1e x x x 
(unaligned) x x x 

Long Word x x x x 

The addressing and data transfer modes suppor­
ted on the SRAM-5/6 boards are: 

A24: 032, D32NA, 016, 08 
A32: 032, D32NA, 016, 08 

Installation in 16 and 32 bit enVIronments is poss­
ible using the Address Modifier selection. Each of 
the two fully independent memory areas, which 

SYS68K1SRAM-5/6 

consist of half of the memory size, contain their 
own decoding logic. This allows the separation and 
assignment of different data/program segments. 
A RUN/LOCAL switch to enable or disable ac­
cesses from the VMEbus is installed on each of the 
SRAM-5/6 boards. For multi-processor synchron­
ization, all defined Read-Modify-Write cycles are 
supported. The maximum data throughput of the 
SRAM-5/6 boards is 36 Mbyte/sec. VMEbus Worst 
Case Access Times: 

Write 55 ns 
Read 55 ns 

1.2 Address Decoding 

A unique address decoding logic which provides a 
jumper selectable access address, is Installed on 
the SRAM-5/6 boards. The address lines A31 to 
A24 of the VMEbus are only decoded if the Exten­
ded Address Modifier code is selected; otherwise, 
only the address signals up to A23 of the VMEbus 
are used in order to detect whether or not the board 
is addressed. The independent memory areas can 
be placed anywhere in the 4 Gbyte address range 
in 512 Kbyte/2 Mbyte steps, depending on the 
memory capacity. This allows the adaption of the 
SRAM-5/6 boards to various applications without 
mirroring memory and losing capacity. 

The memory capacity of each SRAM-5/6 board 
version is as follows: 
SRAM-5: 2 x 256 Kbyte total capacity 
SRAM-6: 2 x 1 Mbyte total capacity 

1.3 Battery Backup 

The SRAM-5/6 boards include power fail detection 
circuitry and two lithium batteries to guarantee 
data retention of the static RAMs for up to 1 year 
(calculated). Data retention time can be extended if 
the +5V STDBY line is powered while +5V mains 
are not active. The board automatically detects 
when the +5V supply voltage drops below 4.65V 
and does not respond to the VMEbus. In this case 
all the chip enable and select signals are driven 
inactive and the power down mode is activated. 

268 



Specifications of the SYS68K1SRAM-5/6 

Memory 

Memory Capacity 

VMEbus Interface 

Maximum Access Times 

Data Retention Times 

Static RAM organized In 2 Memory Areas 

SRAM-5: 512 Kbyte 
SRAM-6: 2 Mbyte 

IEEE 1014 (Rev C.) compatible 
A32: D32, D32NA, D16, D8 
A24: D32, D32NA, D16, D8 

Read-Modify-Write and 
Unaligned Transfers are supported 

Write 55ns 
Read 55ns 

SRAM-5 10000 h 
SRAM-6 6000 h 
(all times are calculated) 

(typical) 
(typical) 

SYS68K1SRAM-5/6 

Special Hardware Functions On-board voltage sensor supporting the battery backup 
oftheSRAMs 
RUN/LOCAL switch 
Status and Access Control LEDs on the front panel. 

Power Requirements typ max 
+5V 3,5A 6A 

Operating Temperature 0 to 50 degrees C 

Storage Temperature -50 to +85 degrees C (non operating) 

Relative Humidity 0 to 90% (non condensing) 

Dimensions Double Eurocard 
243x160mm 
9.2 x 6.3in. 

Ordering Information 

SYS68K1SRAM-5 
Part No. 200504 

SYS68K1SRAM-6 
Part No. 200505 

SYS68K1SRAM-5/6/UM 
Part No. 800137 

512 Kbyte static RAM board with VMEbus 
Interface including documentation. 

2 Mbyte static RAM board with VM Ebus 
Interface including documentation. 

User's Manual for all SYS68K1SRAM-5/6 board versions. 
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System 68000 VME 
SYS68K/RR-' 
Static RAM/ROM/EPROM Board 

• l' sockets up to 512 Kbyte EPROM 
• Selectable access time 
• Battery backup for SRAM 
• For wide range of 

EPROM/ROM/SRAM devices 
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General Description 
This board provides additional global SRAM, ROM 
or EPROM capacity in a VME bus based micro­
computer system. The 28 pin sockets can contain 
Static Random Access Memories (SRAM's), Read 
Only Memories (ROM's) or Erasable and Program­
mable Read Only Memories (EPROM's). The maxi­
mum capacity of EPROM/ROM space using 32 
Kx8 organized devices like 27256 is 512 Kbyte. 
Eight banks are separately configurable for the 
different device types which offer a variety of ap­
plications. The battery option allows data storage 
in Power Fail or Power Oown modes, furthermore a 
LOCAURUN function switch performs the isolation 
of the SYS68K1RR-1 from the VMEbus. Two LEO's 
indicate the selected modes and additional 8 LEO's 
indicate an access to one of the eight areas. 
The base address of each area may be selected 
separately via jumper. The address modifier de­
coding can be used in addition to the base address 
for each area Oumper selectable). 

Usable Device Types 
The base address decoding includes a jumper field 
which allows free selectable decoding for each 
area in 4, 8, 16, 32 or 64 Kbyte steps. Therefore 

BLOCK DIAGRAM OF THE SVS68K/RR-1 
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continuous memory space can be generated for 
SRAM's, PROM's or EPROM's with different mem­
orysizes. 
Each area contains two 28 pin sockets, one for the 
lower 8 data bits (00-07) and one for the upper data 
bits (08-015). The socket select lines are address 
dependent and strobed by the OSO and OS1 
signals of the VMEbus. Therefore word transfers 
(16 bit) or byte transfers (8 bit) can be forced. 
The memory space of the board is device depen­
dent and a maximum capacity of 512 Kbyte can be 
obtained by using 32 Kbyte devices and 128 Kbyte 
by using 8 Kbyte devices. Table 1 lists some of the 
supported device types which can be inserted in 
the 28 pin sockets. Access speed for each area 
may be set separately from 62.5 ns to 500 ns in in­
crements of 62.5 ns. Therefore, for critical real time 
applications, slow ROM/EPROM devices and high 
speed SRAM's may be mixed on the same board. 
The WRITE signal of the VME bus may be used as 
read/write protection line for the SRAM area. 
Separately for each area a battery back-up is pro­
vided (when SRAM's are used) to save data during 
power down or power fail. 
Shipment includes the SYS68K/RR-1 fUM and 100 
jumpers for address selection and address modifier 
decoding. 

B7 

B7U 

B7l 

B8 STANDBY 
POWER 

273 



SYS68K/RR-1 

Table 1 Usable Device Types SYS68K/RR-1S 

EPROM ROM 

DEVICES 2716 
2516 
2732 58735 
2532 46332 
2764 37000 

48364 
27128 613128 
27256 38000 

SYS68K/RR-1 Specification 

Memory Space 

Control 

Bus 
Transfer 

Power Requirements 
Operating Temperature 
Storage Temperature 
Relative Humidity 
Front Panel 
Board Dimensions 

SYS68K/RR-1S Specification 

Memory 
Transfer 
Data Retention 
Power Requirements 

SRAM 

8416 
8128 

6264 

SIZE 

2Kx8 

4Kx8 

8Kx8 

16Kx8 
32Kx8 

This version of the SYS68K/RR-1 includes 16 
static CMOS RAM's with 8 Kbyte each. Therefore 
the SRAM memory size is 128 Kbyte in a continuous 
block as default set during manufacturing. 
High speed SRAM's have an access time of 100 ns 
and the access through the VMEbus to the SRAM's 
takes less than 180 ns. 
The on-board battery guarantees data retention for 
more than 1000 hours during power fail or main 
power down in accordance with the VMEbus 
specification. 

512 Kbyte (max.) 16 sockets for user supplied devices. 
Free selectable base address for each area Free selectable 
access time (62.5 to 500 ns) for each area Address Modifier 
decoding Battery back-up for SRAM's 
RUN/LOCAL switch for bus isolation 
2 Status LED's 
8 Access LED's for control 
VME bus interface 
Byte (8 bit) and Word (16 bit) transfers as well as ReadlWrite or 
Read-Modify-Write cycles can be forced Access time is device 
selectable 
+5V/1.2A(max) 
o to +70 degrees C 
-50 to +85 degrees C 
0-95% (non-condensing) 
6HE/4TE 
Double Eurocard 234x160 mm (9.2x6.3 inch) 

128 Kbyte of SRAM 
ReadlWrite in Byte or Word Mode Access time 250 ns (max) 
1000 hours (min) at power down 
+5V/1.8A(max) 
+5V 5mBY /80 mA 
(Power Down Mode) 
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Ordering Information 

SYS68K1RR-1 
Part No. 200010 

SYS68K1RR-1 S 
Part No. 200011 

SYS68K1RR-1 IU M 
Part No. 800005 

SYS68K/RR-1 

SRAM/ROM/EPROM Board including User's Manual 

128 Kbyte SRAM Board including User's Manual 

User's Manual for the SRAM/ROM/EPROM Board 
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System 68000 VME 
SYS68K/RR·2 
32 Bit RAM/ROM Board 

SYS68K/RR-2 

with VMEbus and VMXbus Interface 

• 16 sockets for 28 and 32 pin JEDEC 
compatible devices 

• On-board battery backup for static RAMs 
• On-board programming logic for 

EPROMs and EEPROMs 
• Write protect switches for each of the two 

memory areas 
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General Description 
The SYS68K1RR-2 board is a high speed 32 bit 
memory board using up to 16 JEDEC compatible 
devices. The VMEbus interface is capable of trans­
ferring 8, 16, 24 and 32 bit of data according to the 
VMEbus IEEE 1014 standard. 
In addition to the 32 bit VMEbus interface, a full 32 
bit VMXbus interface is installed on the RR-2. It 
supports unaligned transfers from the VMEbus as 
well as from the VMXbus. Read-Modify-Write cycles 
for multi-processor synchronisation are also sup­
ported. The VMEbus and the VMXbus interface can 
separately be enabled or disabled via two switches 
installed on the front panel. 
A dual port control logic is installed on the RR-2 to 
control the accesses of the two independent asyn­
chronous buses. 

BLOCK DIAGRAM OF THE SYS68K1RR-2 
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Both the 28 pin and the 32 pin standard for SRAMs, 
EPROMs and EEPROMs are supported to offer a 
maximum EPROM capacity of 2 Mbyte if 128 K x 8 
devices are used. Two different memory areas, 
each consisting of 8 sockets are installed on the 
board to allow mixing of device types (Le. one 
SRAM and one EPROM area). 
Each memory area has a jumper selectable access 
address in device dependent boundaries and a set 
of selectable address modifier codes. The access 
speed for each memory area is jumper selectable 
to adapt the access times of the used devices. 
A battery back-up with a voltage sensor is installed 
on the RR-2 to allow data retention for SRAM devi­
ces for up to 1 year. 
To maintain reprogramming of data in special ap­
plications, the RR-2 contains hardware logic to 
program EPROMs and EEPROMs. 
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Features of the SYS68K1RR-2 
• IEEE 1014 interface supporting 32 data and 

32 address lines. 
• Jumper selectable access address and address 

modifier code. 
• 16 sockets for JEOEC compatible devices using 

the 28 or 32 pin standard. 
• VMXbus interface (Rev.B compatible) support­

ing 32 data and 23 address lines. 
• Arbitration mechanism between VMXbus and 

VMEbus accesses supporting Read, Write and 
Read-Modify-Write cycles. 

• 2 independent memory areas each consisting of 
8 devices. 

• Typical Access Times using 1 OOns devices: 

VMEbus VMXbus Conditions 

Write 70ns 70ns No concurrent 
Read 200ns 180ns Accesses 

• Battery back-up for static RAMs. 
• Programming of EEPROMs and Chip Erase 

function switch. 
• Programming of EPROMs (21 V and 12V types). 
• Write protection switch for each of the two mem­

ory areas. 
• RUN/LOCAL switch for the VMEbus and 

VMXbus interface. 
• Jumper selectable access address and address 

modifier code for each of the two memory 
areas. 

• Status and Access indication LEOs. 

1.0 Functional Description 
The two different memory areas, each consisting of 
8 sockets are accessible via the VMEbus or 
VMXbus interface and provide global memory such 
as static RAM, EPROM or EEPROM. 
The two bus interfaces allow the use of the RR-2 
board as a global Oual Ported Memory accessible 
through the VMXbus interface for the host CPU and 
accessible through the VMEbus interface from 
other CPU-boards for mUlti-processing or from an 
intelligent controller board featuring OMA. 
The Read-Modify-Write cycles from both bus 
interfaces are supported to provide multi-proces­
sor synchronisation as well as shared memory 
resources. 
A Write Protect switch for each memory area 
installed on the front panel allows the protection of 
the memory area against non privileged modifica­
tion. 
EPROMs and EEPROMs can be programmed via 
special on-board hardware logic which makes a 
PROM programmer obsolete for most of the romm­
able software development packages. The EPROM 
programming feature of the RR-2 is supported 

under the Real Time Multi User Multitasking Oper­
ating System POOS'. 
Further details of the board features are described 
in the following paragraphs. 

1.1 TheVMEbuslnterface 
The RR-2 contains a full 32 bit interface providing 
highest data throughput. A RUN/LOCAL switch 
can disable the VMEbus interface to allow use of 
the board as a VMXbus board. 
On Write cycles, the 32 bit data and address are 
latched and a OTACK will be generated immedi­
ately if this operation is completed, and if the Write 
Protection is not activated for the addressed mem­
ory area. 
The internal Write cycle starts in parallel and will be 
executed depending on the selected access time 
of the used devices. 
The access times on Read and Write cycles de­
pends on the load from the VMXbus interface as 
well as on Read cycles on the access time of the 
installed devices. 

Write: 80 ns 
Read: 210 ns (using 1 OOns SRAMs) 

310 ns (using 200ns EPROMs) 
All listed times are the maximum response times 
measured without accessing the RR-2 board from 
the VMXbus interface. 
The access address of the two independent mem­
ory areas is jumper selectable in device dependent 
steps. 
The unaligned transfers, defined in the VMEbus 
specification are fully supported to take advantage 
of the 68020 data bus handling. 
Oata Transfer Modes: 

A32: 032, 032NA, 016, 08 
A24: 032, 032NA, 016, 08 

The maximum data transfer speed over the VME­
bus without concurring accesses via the VMXbus is 
16 M byte/s using 1 OOns SRAM devices. 

1.2 The VMXbus Interface 
A 32 bit VMXbus interface is installed on the RR-2 
to offer a dual port function together with the VME­
bus. The access address for the two memory areas 
is identical to the decoding of the lower address 
lines of the VMEbus (A24 Mode). A RUN/LOCAL 
switch for the two memory banks is used to disable 
accesses to the board from the VMXbus side if only 
VMEbus transfers need to be supported. 
The following data transfer modes are supported: 

A24: 032, 032NA, 016, 08 
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The Unaligned and the Read-Modify-Write cycles 
are supported on the VMEbus and VMXbus for 
mUlti-processor synchronisation. 
The Read and Write access times of the VMXbus 
interface depend on the load from the VMEbus 
interface (number of initiated transfers) and on the 
access times of the installed devices. The time 
values listed below are measured without any load 
from the VMEbus. 

Write BO ns (independent of the device 
access time) 

Read 190 ns (using 1 OOns SRAM and no 
VMEaccess) 

Times are measured between a driven data strobe 
and a driven DTACK on the VMXbus. The early 
DTACK option of the VMXbus is not used for 
measurement. 

1.3 Access Address Selection 
Each of the two memory areas provides an indi­
vidual selectable access address which is device 
capacity dependent. The address modifier code 
can also be selected for each memory area. 
The access address which is compared depends 
on the selected address modifier code. The hard­
ware logic of the RR-2 automatically detects if 
A24 or A32 decoding is selected (Extended or 
Standard addressing). 
Each of the B defined AM-codes can be separately 
enabled or disabled via jumper settings. 
The VMXbus access address decoding is identical 
to the A24 address set-up of the VMEbus interface 
to guarantee linear addressing. 

1.4 Use of EPROM Devices 
The RR-2 is designed to support 28 and 32 pin 
JEDEC compatible devices. The pin-out of both 
standards is outlined below. 
16 sockets each consisting of 32 pins are installed 
on the RR-2 to support the following device types: 

Device Organisation 
Noof Total 

PINsUsed Capacity 

2764 BKx8 2B 128 Kbyte 
2712B 16Kx8 28 256 Kbyte 
27256 32Kx8 2B 512 Kbyte 
27512 64Kx8 2B 1 Mbyte 

271024 128Kx8 32 2 Mbyte 
TBD 256KxB 32 4 Mbyte 
TBD 512Kx8 32 8 Mbyte 
TBD 1 MxB 32 16 Mbyte 

The remaining 3 pins of the 32 pin socket can be 
adapted to accept EPROMs with a capacity of up 
to 1 Mbyte per chip which then results into a total 
capacity of 16 Mbyte if the chips become available. 

2B1 
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Each memory area can be equipped with different 
device types allowing the insertion of SRAMs, 
EPROMs and EEPROMs at the user's discretion. 
A Write Protect switch on the front panel protects 
SRAM, EPROM and EEPROM devices from writing 
because the RR-2 contains a hardware logic to 
program EPROMs which have a programming 
voltage of 12.5 or 21V. The programming time 
(standard or intelligent algorithm) per cycle can be 
adapted to the used devices. 

1.5 Use of EEPROM Devices 
The RR-2 accepts EEPROM devices with at least 
64K bit capacity (8K x 8 organisation). Logic to pro­
gram EEPROMs is installed on the board to allow 
the modification of parameters during run time with­
out exchanging the devices. 
A chip erase switch is installed on the board to 
erase a maximum of 4 chips at a time (depending 
on the initiated data transfer which enables the chip 
erase function for the selected devices). 
A Write Protect switch allows each memory bank to 
be protected against overwriting. 
The following table lists all supported devices and 
the total capacity if all sockets are fitted with identi­
cal devices. 

Device Organisation Noof Total 
Type PINs Used Capacity 

58064,2864, 8Kx8 28 12BKbyte 
5233 

TBD 32Kx8 28 512 Kbyte 

TBD 64Kx8 32 1 Mbyte 
TBD 128Kx8 32 2 Mbyte 
TBD 256Kx8 32 4 Mbyte 
TBD 512Kx8 32 8 Mbyte 

1.6 Use of SRAM Devices 
The RR-2 contains 16 sockets which may be used 
for static RAM insertion. The standard pin assign­
ments for 8 K x 8 and 32 K x 8 devices is supported, 
resulting into a capacity of 128 or 512 Kbyte. 
Expansion of the memory capacity is provided by 
using 32 pin devices. 
The following table lists the supported devices and 
the future extention: 

Device Organisation Noof Total 
Type PINs Used Capacity 

6264 8KxB 2B 128 Kbyte 
62256 32Kx8 28 512 Kbyte 

TBD 128Kx8 32 2 Mbyte 
TBD 512Kx8 32 8 Mbyte 
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An on-board lithium battery and a voltage sensor 
provide battery back-up of "low power" specified 
SRAMs (CMOS) of up to 1 year (SRAM dependent). 

The on-board logic can be adjusted to the access 
time of the SRAMs to support various devices and 
optimize data throughput to the VMEbus and 
VMXbus interface. 

Specification of the SYS68K1RR-2 

VMEbus Interface: VMEbus IEEE 1 014 standard compatible. 
Read-Modify-Write and Unaligned transfers supported. 
A32:D32,D32NA,D16,D8 
A24:D32,D32NA,D16,D8 
Independent Address and Address Modifier 
Decoding for each ofthe 2 memory areas. 
RUN/LOCAL switch disabling VMEbus accesses. 

VMXbus Interface: VMXbus Rev.B compatible. 
Read-Modify-Write and Unaligned transfers supported 
A24: D32, D32NA, D16,D8 
RUN/LOCAL switch disabling VMXbus accesses. 
Independent address and decoding for each of the 2 memory areas. 

Sockets: 16 sockets for 28 or 32 pin devices 
(JEDEC Compatible pin out) 

Memory Space: EPROM: 28 pin devices 1 Mbyte (max) 
32 pin devices 16 Mbyte (max) 

EEPROM: 28 pin devices 512 Kbyte (max) 
32 pin devices 8 Mbyte (max) 

SRAM: 28 pin devices 512 Kbyte(max) 
32 pin devices 8 M byte (max) 

Access Times: The access time of the board can be adapted to the speed of the 
used devices between 75 and 475ns in 25ns steps. 

Access Times without concurrent transfers: Access Times with concurrent transfer: 

VMEbus VMXbus Type VMEbus VMXbus Type 

Write SOns SOns MIN Write 210ns 220ns MIN 
80ns 80ns MAX 240ns 250ns MAX 

Read 180ns 170ns MIN Read 340ns 350ns MIN 
210ns 190ns MAX 370ns 380ns MAX 
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Special Functions: 

Power Requirements: 

Operating Temperature: 

Storage: 

Relative Humidity: 

Board Dimensions: 

Ordering Information: 

SYS68K1RR-2 
Part No.200200 

SYS68K1RR-2/UM 
Part No.8001 03 

SYS68K1RR-2 

EPROM programming function for + 12Vand +21 V devices included. 
EEPROM programming function for +5V devices included. 
Chip Erase switch for EEPROMs included. 
SRAM battery back up for up to 1 year data retention with onboard 
lithium battery. 
Write Protect switches for each ofthe two independent memory 
areas. 
RUN/LOCAL switches forthe VMEbus and VMXbus interface 
RUN/LOCAL, Access Protect and Chip Erase control LEOs for 
status monitoring installed on the front panel. 

+ 5V : 3.4A (P2 Backplane or power connection 
+12V : 0.2A on P2 recommended) 

o to 50 degrees C 

-50 to +85 degrees C (non operating) 

0-90% (non condensing) 

Double Eurocard 
233x160mm 
9.2 x 6.3 inch 

32 Bit RAM/ROM Board with VMEbus and VMXbus interface. 
Documentation included. 

User's Manual of the SYS68K1RR-2 
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System 68000 VME 
SYS68K/RR-3 
3i Bit RAM/ROM Board 

• VMEbus Interface (A32:D32) 
• 16 sockets for 28 and 32 pin JEDEC com­

patible devices 
• On-board battery backup for static RAMs 

SYS68K/RR-3 

• On-board programming logic for EPROMs 
and EEPROMs 

• Write protect switches for each of the two 
memory areas 
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General Description 
The SYS68K1RR-3 board is a high speed 32 bit 
memory board uSing up to 16 JEDEC compatible 
devices. The VMEbus interface is capable of 
transferring 8, 16, 24 and 32 bit data according to 
the IEEE 1014 standard. 
The RR-3 supports 8, 16, 32 bit and unaligned 
transfers from the VMEbus. Read-Modify-Write 
cycles for mUlti-processor synchronisation are also 
supported. The VMEbus interface can be enabled 
or disabled via a switch installed on the front panel. 
Both the 28 pin and the 32 pin standard for SRAMs, 
EPROMs and EEPROMs are supported to offer 
a maximum EPROM capacity of 2 Mbyte if the 
128K x 8 devices are used. Two different memory 

BLOCK DIAGRAM OF THE SYS68K1RR-3 
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areas, each consisting of 8 sockets are installed on 
the board to allow mixing of device types (Le. one 
SRAM and one EPROM area). 
Each memory area has a jumper selectable access 
address in device dependent boundaries and a set 
of selectable address modifier codes. The access 
time for each memory area is jumper selectable to 
adapt to the access times of the used devices. 
A battery back-up with a voltage sensor is installed 
on the RR-3 to allow data retention for SRAM de­
vices for up to 1 year. 
To maintain reprogramming of data in special ap­
plications, the RR-3 contains hardware logic to 
program EPROMs and EEPROMs. 

Programming 

Logic 

Decoding 

and 

Control 

Logic 
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Features of the SYS68K1RR-3 
• IEEE 1014 interface supporting 32 data and 

32 address lines. 
• Jumper selectable access address and address 

modifier code. 
• 16 sockets for JEOEC compatible devices using 

the 28 or 32 pin standard. 
• 2 independent memory areas each consisting of 

8 devices. 
• Typical Access Times using 1 OOns devices: 

Write 70 ns, Read 200 ns 
• Battery back-up for static RAMs. 
• Programming of EEPROMs and Chip Erase 

function switch. 
• Programming of EPROMs (21Vand 12Vtypes). 
• Write protect switch for each of the two mem­

ory areas. 
• RUN/LOCAL switch for the VMEbus. 
• Jumper selectable access address and address 

modifier code for each of the two memory 
areas. 

• Status and Access indication LEOs. 

1.0 Functional Description 
Two different memory areas, each consisting of 8 
sockets are accessible via the VMEbus interface. 
Each provides for global memory such as static 
RAM, EPROM or EEPROM. 
The Read-Modify-Write cycles from the VMEbus 
interface are supported to provide multi-processor 
synchronisation. 
A Write Protection switch for each memory area 
installed on the front panel allows the protection of 
the memory area against non privileged modifica­
tion. 
EPROMs and EEPROMs can be programmed via 
special on-board hardware logic which makes a 
PROM programmer obsolete for most of the romm­
able software development packages. The EPROM 
programming feature of the RR-2 is supported 
under the Real Time Multi User Multitasking Oper­
ating System POOS*. 
Further details of the board features are described 
in the following paragraphs. 

1.1 The VMEbus Interface 
The RR-3 contains a full 32 bit interface providing 
highest data throughput. A RUN/LOCAL switch 
can disable the VMEbus interface. 
On Write cycles, the 32 bit data and address are 
latched and a OTACK will be generated immedi­
ately if this operation is completed, and if the Write 
Protection is not activated for the addressed mem­
ory area. 

The intemal Write cycle starts in parallel and will be 
executed depending on the selected access time 
of the used devices. 

Write: 80 ns 
Read: 210 ns (using 1 OOns SRAMs) 

310 ns (using 200ns EPROMs) 
All listed times are the maximum response times. 
The access address of the two independent mem­
ory areas is jumper selectable in device dependent 
steps. 
The unaligned transfers, defined in the VMEbus 
specification are fully supported to take advantage 
of the 68020 data bus handling. 
Oata Transfer Modes: 

A32: 032, 032NA, 016, 08 
A24: 032, 032NA, 016, 08 

The maximum data transfer speed over the VME­
bus is 16 Mbyte/s using 1 OOns SRAM devices. 

1.2 Access Address Selection 
Each of the two memory areas provides an indi­
vidual selectable access address which is device 
capacity dependent. The address modifier code 
can also be selected for each memory area. 
The access address which is compared depends 
on the selected address modifier code. The hard­
ware logic of the RR-2 automatically detects if 
A24 or A32 decoding is selected (Extended or 
Standard addressing). 
Each of the 8 defined AM-codes can be separately 
enabled or disabled via jumper settings. 
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1.3 Use of EPROM Devices 
The RR-3 is designed to support 28 and 32 pin 
JEDEC compatible devices. 
16 sockets each consisting of 32 pins are installed 
on the RR-3 to support the following device types: 

Device Organisation 
Noof Total 

PINsUsed Capacity 

2764 8Kx8 28 128 Kbyte 
27128 16Kx8 28 256 Kbyte 
27256 32Kx8 28 512 Kbyte 
27512 64Kx8 28 1 Mbyte 

271024 128Kx8 32 2 Mbyte 
TBD 256Kx8 32 4 Mbyte 
TBD 512Kx8 32 8 Mbyte 
TBD 1 Mx8 32 16 Mbyte 

The remaining 3 pins of the 32 pin socket can be 
adapted to accept EPROMs with a capacity of up 
to 1 Mbyte per chip which then results into a total 
capacity of 16 Mbyte if the chips become available. 
Each memory area can be equipped with different 
device types allowing the insertion of SRAMs, 
EPROMs and EEPROMs at the user's discretion. 
A Write Protect switch on the front panel protects 
SRAM, EPROM and EEPROM devices from writing 
because the RR-3 contains hardware logic to pro­
gram EPROMs which have a programming voltage 
of 12.5 or 21V. The programming time (standard or 
intelligent algorithm) per cycle can be adapted to 
the used devices. 

1.4 Use of EEPROM Devices 
The RR-3 accepts EEPROM devices with at least 
64K bit capacity (8K x 8 organisation). Logic to pro­
gram EEPROMs is installed on the board to 
allow the modification of parameters during run 
time without exchanging the devices. 
A chip erase switch is installed on the board to 
erase a maximum of 4 chips at a time (depending 
on the initiated data transfer whioh enables the chip 
erase function for the selected devices). 
A Write Protect switch allows each memory bank to 
be protected against overwriting. 
The following table lists all supported devices and 
the total capacity if all sockets are fitted with identi­
cal devices. 
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Device Organisation Noof Total 
Type PINsUsed Capacity 

58064,2864, 8Kx8 28 128 Kbyte 
5233 
TBD 32Kx8 28 512 Kbyte 

TBD 64Kx8 32 1 Mbyte 
TBD 128Kx8 32 2 Mbyte 
TBD 256Kx8 32 4 Mbyte 
TBD 512Kx8 32 8 Mbyte 

1.5 Use of SRAM Devices 
The RR-3 contains 16 sockets which may be used 
for static RAM insertion. The standard pin assign­
ments for 8K x 8 and 32K x 8 devices is supported, 
resulting into a capacity of 128 or 512 Kbyte. 
Expansion of the memory capacity is provided by 
using 32 pin devices. 
The following table lists the supported devices and 
the future extention: 

Device Organisation Noof Total 
Type PINs Used Capacity 

6264 8Kx8 28 128 Kbyte 
62256 32Kx8 28 512 Kbyte 

TBD 128Kx8 32 2 Mbyte 
TBD 512 Kx8 32 8 Mbyte 

An on-board lithium battery and a voltage sensor 
provide battery back-up of "low power" specified 
SRAMs (CMOS) of up to 1 year (SRAM dependent). 
The on-board logic can be adjusted to the access 
time of the SRAMs to support various devices and 
optimize data throughput to the VMEbus and 
VMXbus interface. 
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Specification of the SYS68K/RR-3 

VMEbus Interface: 

Sockets: 

Memory Space: 

Access Times: 

Special FUnctions: 

Power Requirements: 

Operating Temperature: 

Storage: 

Relative Humidity: 

Board Dimensions: 

Ordering Information: 

SYS68K1RR-3 
Part No. 200600 

SYS68K1RR-3/UM 
Part No. 8001 08 

IEEE 1014 standard compatible. 
Read-Modify-Write and Unaligned transfers supported. 
A32: 032, D32NA, 016, 08 
A24: 032, D32NA, 016, 08 
Independent Address and Address Modifier 
Decoding for each of the 2 memory areas. 
RUN/LOCAL switch disabling VMEbus accesses. 

16 sockets for 28 or 32 pin devices 
(JEDEC Compatible pin out) 

EPROM: 28 pin devices 1 Mbyte (max) 
32 pin devices 16 Mbyte (max) 

EEPROM: 28 pin devices 512 Kbyte (max) 
32 pin devices 8 Mbyte (max) 

SRAM: 28 pin devices 512 Kbyte(max) 
32 pin devices 8 Mbyte (max) 

The access time of the board can be adapted to the speed of the 
used devices between 75 and 475ns in 25ns steps. 
Write 50ns MIN 

80ns MAX 
Read 180ns MIN 

210ns MAX 

EPROM programming function for + 12V and +21 V devices included. 
EEPROM programming function for +5V devices included. 
Chip Erase switch for EEPROMs included. 
SRAM battery back up for up to 1 year data retention with onboard 
lithium battery. 
Write Protect switches for each of the two independent memory 
areas. 
RUN/LOCAL switches for the VMEbus interface 
RUN/LOCAL, Access Protect and Chip Erase control LEOs for 
status monitoring installed on the front panel. 

+ 5V : 2.9A 
+12V : 0.2A 

o to 50 degrees C 

-50 to +85 degrees C (non operating) 

0-90% (non condensing) 

Double Eurocard 
233x160mm 
9.2 x 6.3 inch 

RAM/ROM Board with 32 Bit VM Ebus 
interface Documentation included. 

User's Manual ofthe SYS68K1RR-3 
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FORCE Computers Mass Memory Controller 
Board Introduction 

FORCE Computers range ofVMEbus based boards 
includes a comprehensive selection of boards de­
signed to match system requirements for mass 
(magnetic media) memory control. The family ran­
ges from the non intelligent to the intelligent con­
troller, controlling interfaces from ST506 to SCSI. 

General Feature Overview 

For medium performance and flexibility, the 
SYS68K1WFC-1 card provides direct access to 
ST506 compatible winchester disk drives. Additio­
nally an SA460 interface is provided to allow the 
direct connection of Shugart compatible floppy 
disk drives. Five connectors are provided for the 
connection of up to three Winchester drives and 
four floppy drives. The board additionally provides 
the facility for ECC buffer control via the WD1 014 in 
orderto ensure data integrity. The WFC-1 is the low 
cost performance solution. 
If top end performance is required without employ­
ing specialist product, then the SYS68K1ISCSI-1 or 
the SYS68K1ISCSI-1A controller card may be the 
solution to your application needs. This family of 
boards provides an intelligent interface to the high 
speed SCSI bus. Intelligence is provided via the on 
board 68010 (10 MHz) CPU and the installed firm­
ware which supports not only the user interface but 
also hashing and cashing algorithms to increase 
performance. Data rates of up to 1.5 Mbyte per se­
cond are supported across the SCSI bus under the 
control of the on board DMA controller. Maximum 
performance is guaranteed from the 68010 due to 
o wait state access to the on-board dual ported 
RAM, 128 Kbyte on the ISCSI-1 and 512 Kbyte on 
the ISCSI-1 A. The ISCSI-1 (A) is the general pur­
pose high performance mass media interface stan­
dard. 

293 

Mass Memory Controller Board Introduction 



FAMILY SASI-1 WFC-1 ISCSI-1 ISCSI-1A 

Mass Memory Interface ST 506/SA 460 SCSI/SA 460 SCSI/SA 460 

Maximum Disk Data Transfer Rate ST506 SCSI SCSI 

~ 0 
< 
CD 

tal S. 
MIl CD 

MIl ~ 

Synchronous 0.62 Mbyte/s - -
Asyhchronous - 1.5 Mbyte/s 1.5 Mbyte/s ~ 
VMEbus Interface 8 bit 16bit 16bit 

Dual Ported RAM - yes yes 
Capacity - 128 Kbyte 512 Kbyte 

" 51 
0 

DMA to VMEbus Not no no no 
Transfer Rate recommended - - - -< 
Local Processor 

for new 
68010 68010 -

Frequency designs. - 10MHz 10MHz 
1\ 
0 

No. of Supported Disks 3 x Winchester 8 (SCSI) 8 (SCSI) 
4xFloppy 4xFloppy 4xFloppy 

:::I ... .. 
Driver/Receiver Circuits on Board yes yes yes 0 -No. of different Interrupts to VMEbus 2 4 4 -" Detailed Description 295 301 301 on Page: 

.. 
MIl 
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System 68000 VME 
SYS68K/WFC-, 
Winchester IFloppy Controller 

• Controls up to three 5'/l' Winchesters 
• Controls up to four 5\" Floppies 
• Fully VMEbus compatible (A32:D161 A24:D16) 
• Generation of two different interrupts with free 

jumper selectable interrupt level (1-7) 
• Auto interrupt vectoring with free programmable 

vector 
• Programmable sector size up to 1 Kbyte 
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General Description 
The SYS68K1WFC-1 board is a low cost controller 
board based on the VMEbus. It contains a Win­
chester controller, a Floppy controller, a sector 
buffer (1 Kbyte), and an ECC diagnostic processor. 
The SYS68K1WFC-1 board is able to generate an 
interrupt to the VME bus (levels 1-7) and to drive 
two different software programmable auto interrupt 
vectors. 
The interface to the Floppies is Shugart compatible 
and the interface to the Winchester is ST506 
compatible. 

BLOCK DIAGRAM OF THE SYS68K/WFC-1 

INTERNAL CONTROL BUS 

n 1 l 
CHECKING 

BUFFER CONTROLLER AND 

SYS68K/WFC-1 

SYS68K/WFC-1 Features 
• Controls up to three 5 1/4" Winch esters 
• Controls up to four 5 1/4" Floppies 
• Fully VME bus compatible (A32:D16/A24:D16) 
• Generation of two different interrupts with free 

jumper selectable interrupt level (1-7) 
• Auto interrupt vectoring with free program­

mable vector 
• Free selectable access address including 

address modifier 
• Programmable sector size up to 1 Kbyte 
• Automatic track formatting on hard disk 
• Up to 5M bit/sec data transfer rate 
• 5 bit single burst error correction 
• Five easy to use macro commands 
• RUN/LOCAL switch 
• LED indicators for RUN/LOCAL, ERROR and 

BUSY information 
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Functional Description Photo of the SYS68K1WFC-1 BP 
The SYS68K/WFC-1 board can control Floppies 
and Winchesters depending on the loaded com­
mand register and on several other powerful regis­
ters. The SYS68K/WFC-1 contains 8 registers and 
a FIFO buffer (First In First Out) for stored data. An 
interrupt can be generated by the SYS68K/WFC-1 
at the end of command or at data request de­
pending on the loaded command in this case, the 
interrupt vector has to be loaded before entering a 
command. The SYS68K/WFC-1 executes five easy 
to use macro commands: 
• Restore 
• Seek 
• Read Sector 
• Write Sector 
• Format Track 
Commands are executed by loading the command 
byte into the command register while the controller 
is not busy. 
The RUN/LOCAL switch isolates the board from 
the bus during failures or maintenance. This mode 
is indicated by two LED's on the front panel. 
The interface for the Winchesters is ST506 com­
patible (Seagate) and the interface for Floppies is 
Shugart compatible. All necessary drivers/receivers 
and buffers are on-board. 
All I/O signals of the Floppy and Winchester inter­
face are also connected to the P2 connector. The 
optionally available SYS68K/WFC-1 BP board can 
be used to connect all the interface cables on the 
back of the motherboard. 
The WFC-1 BP board fits directly into the P2 I/O 
connector of the motherboard and contains two 
34 pin and three 20 pin connectors with ejectors. 
Therefore the WFC-1 board can be removed 
without disconnecting the interface cables of the 
disk drives. 
Five connectors are provided for connection of up 
to three Winchester and four Floppy drives. All 
signals to the Floppies are placed on one 34 pin 
male connector where a flat cable can be plugged 
in and all signals are daisy chained. 
The Winchester control lines are available on one 
34 pin male connector. They are also daisy chained 
and require similar termination. 
The data cables on the Winchester are radially con­
nected to each drive via three 20 pin flat cables. 
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Specification 

Interface 

Devices 

Interrupt 

Bus 

Power Requirements 
Operating Temperature 
Storage Temperature 
Drive Cable Length 
Board Dimensions 

Ordering Information: 

SYS6SKlWFC-1 
Part No. 300001 

SYS6SKlWFC-1 BP 
Part No. 300002 

SYS6SKlWFC-1/UM 
Part No. S00009 

ST506 for 51 /4" Winchester drives 
SA460 for 5 1/4" Floppy drives 
Floppy controller 
Winchester controller 
ECC/Buffer controller 
Free selectable interrupt level 
Two differnt interrupt vectors 
VME bus compatible (A32:D16/A24:D16) 

SYS68K/WFC-1 

Free selectable board base address and address modifier code 
(AMO-AM5) 
+5V /3.OA max. 
o to +50 degrees C 
-50 to +90 degrees C 
3 meters max. 
Double Eurocard 
234 x 160 mm (9.2x6.3 inch) 

Winchester Floppy Controller Board including documentation 

Back Panel for the WFC-1 Controller Board 

User's Manual for the WFC-1 and WFC-1 BP Board 
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System 68000 VME 
SYS68K/ISCSI-1/1A 
Intelligent Mass Memory 
Controller Board 

• SCSI and Floppy Controller 
• Fully SCSlbus and VMEbus IEEE 1014 

compatible 
• 128/512 Kbyte Dual Ported SRAM 
• 68010 for local handling and control 
• Powerful handling firmware 
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General Description 

The SYS68K/ISCSI-1 /1 A is a high performance in­
tellige.nt m~ss memory controller board, providing 
local Intelligence with a 68010 CPU and a high 
speed DMA Controller. The DMA Controller is cou­
pled with the ISCSI controller and the on-board 
floppy disk controller to optimize data throughput 
to/from the ISCSI bus and the floppy disk. 
512 Kbyte of Dual Ported RAM on the ISCSI-1Aor 
128 Kbyte of Dual Ported RAM on the ISCSI-1 are 
used to store commands and data. Highest 
throughput in the 68010 CPU and 68450 DMA 
~ontroller by using 1 OMHz clock frequency is pro­
Vided by the arbitration mechanism ofthe Dual Por­
ted RAM. 

BLOCK DIAGRAM OF THE SYS68K/ISCSI-1/1A 
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The DMA Controller and the CPU access the DPR 
constantly without any wait states, independent 
from all VMEbus accesses. 
The ISCSI-1 /1 A controller board contains an NCR 
5386S controller chip and an 8310 SCSI bus driver 
transceiver circuitry. The maximum asynchronous 
data transfer rate is 1.5 Mbyte per second to/from 
the SCSI bus via the DMA Controller. 
The initiator and the target mode are supported on 
th~ I~CSI-1 /1 A boa~d to offer a wide variety of ap­
plications. All the dnver and receiver circuitries are 
installed on the board to provide direct P2 inter­
facing and easy installation into VMEbus environ­
ments. 



SYS68K1ISCSI-1/1A 

The on-board floppy disk controller IY'JD 1772) 
allows the connection of up to four 3",31/2" and 
5 114" drives. 
The ISCSI-1/1A contains a VMEbus IEEE 1014 
compatible interface to communicate to the host 
CPUs via the Dual Ported Memory. The access 
address and the address modifier code is jumper 
selectable. A Bus Interrupter Module (BIM 68153) 
is installed on the board to support fully asynchro­
nous operation with the four different software pro­
grammable interrupt request channels. 
The firmware of the ISCSI-1/1A board handles all 
activities to/from the SCSI bus and the floppy disk 
drives. A data hashing and cashing mechanism 
built into the on-board firmware allows effective 
transfers of data to/from the mass memory de­
vices. The firmware includes copy commands, 
which allow effective data transfers to/from con­
nected devices without using the VMEbus for the 
data transfers. For example, a copy from a Winche­
ster disk to a connected streamer is handled fully 
locally without any interaction from the host CPU. 

2.0 Features ofthe SYS68K/ISCSI-1/1A 

• 68010 CPU for local control (1 OM Hz). 
• 68450 DMA Controller (10MHz) connected to 

the SCSI bus controller and the floppy disk con­
troller. 

• Dual Ported 512 Kbyte 0 wait state static RAM 
between the VMEbus and the local CPU/DMA 
Controller. (ISCSI-1A) 

• Dual Ported 128 Kbyte 0 wait state static RAM 
between the VMEbus and the local CPUlDMA 
Controller. (ISCSI-1) 

• SCSI bus interface built with the NCR 5386S 
SCSI bus controller programmable as initiator 
or target. Data transfer rate on the SCSI bus is 
as high as 1.5 Mbyte per second. 

• Shugart compatible floppy interface with a WD 
1772 floppy disk controller for connection of up 
to 4 floppy disk drives. 

• All SCSI bus interface and floppy disk interface 
signals are available on the P2 connector. 

• Four different interrupt request channels to the 
VMEbus. Each channel contains a software pro-
grammable IRQ level (1-7) and ve~tor. . 

• Local parallel interface for controlling and mOni­
toring board functions. 

• VMEbus IEEE 1014 compatible slave interface 
(A24:D16, D8). 

• Watchdog timer controlling correct functions of 
on-board hardware and software. 

• Status and control LEDs for monitoring local 
activities. 

• High level handling firmware for communica­
tion, selftest, data cashing/hashing and control. 

3.0 The Hardware Functions 

The local CPU reacts on the commands and initiali­
zation parameters within the Dual Ported RAM. 
Constant run times are guaranteed through the 
special hardware logic, providing zero wait state 
operation from the Dual Ported RAM, independent 
from the accesses from the VMEbus to the Dual 
Ported RAM. 
The ISCSI-1/1A consists of selftest functions as 
well as of a hardware watchdog timer which con­
trols the activities of the 6801 0 CPU and the 68450 
DMA Controller running with 10MHz clock fre­
quency. 
User-supplied programs can be loaded into the 
Dual Ported RAM and executed from the local CPU 
to adapt and extend board functionality. The local 
CPU controls the DMA Controller, SCSI bus con­
troller and the floppy disk controller via local inter­
rupts and communicates to the host CPU via the 
DPR and/or via interrupt requests to the VMEbus 
generated by a Bus Interrupt Module. 
All I/O signals of the SCSI bus controller and the 
floppy disk controller are buffered and are available 
at the P2 connector of the board. 

3.1 The Local 68010 CPU 
A 1 OMHz 6801 0 CPU is installed on the ISCSI-1 /1 A 
to control the data traffic between the SCSI bus 
controller, floppy disk controller and the VMEbus 
for the host CPU(s). 2 EPROMs with a maximum 
capacity of 128 Kbyte are installed on the ISCSI-1 
to contain the handling firmware. Constant zero 
wait state operation from the EPROM guarantees 
maximum CPU throughput and a fixed program run 
time. The 128 Kbyte of Dual Ported RAM is also 
accessible without the insertion of wait states by 
using a CPU clock synchronized arbitration me­
chanism. The accesses from the CPU to the DPR 
are not delayed if a VMEbus access is pending or 
being executed. A local timer included in the PI/T is 
used to interrupt the CPU for task scheduling, 
command interpretation and execution. 
The CPU and all I/O devices can be reset through a 
system reset via the SYSRESET* signal of the 
VMEbus, or by accessing a dedicated location with­
in the DPR reserved for this function. 

3.2 The 68450 DMAC 

The ISCSI-1/1A contains a 4 channel DMA Con­
troller (68450) with a clock frequency of 10 MHz. 
The DMA Controller is connected to the floppy disk 
controller and the SCSI bus controller to offer maxi­
mum data throughput to/from the mass memory 
devices. 
The DMA Controller accesses the Dual Ported 
RAM constantly without the insertion of wait states. 
The DMA Controller transfers data from the device 
directly to the memory in a single cycle mode. 
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Special hardware logic on the board collects 2 x 8 
bit of data and forces one 16 bit transfer to the Dual 
Ported RAM to enhance and optimize data 
throughput. This results in a maximum data 
throughput for the SCSI bus data transfers of 1.5 
Mbyte per second. 
The minimum guaranteed data transfer rate, includ­
ing handshaking on the SCSI bus is 1.25 Mbyte per 
second if an appropriate SCSI bus data transfer 
rate of the mass memory device is provided. 

3.3 The SCSI Bus Controller 

The SYS68K/ISCSI-1 /1 A contains an NCR 5386S 
SCSI bus controller chip and an NCR 5310 SCSI 
bus driver/transceiver. The 8386S controller is di­
rectly connected to the on-board DMA Controller 
to transport the incoming/outgoing data via the 
DMA Controller to/from the Dual Ported RAM. The 
data transfer rate through the DMA Controller on 
the SCSI bus is 1.5 Mbyte per second. 
The initiator and the target mode of the SCSI bus 
specification are fully supported with the controller 
and the on-board firmware. Parity generation and 
check are automatically handled inside the control­
ler, to guarantee maximum data integrity. 
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The installation of the 8310 SCSI bus driver/recei­
ver circuitry allows easy adaption and installation in 
a VMEbus rack because all I/O signals are available 
on the P2 connector and fully buffered with 48 mA 
drivers (single ended version). 

3.4 The Floppy Disk Controller 

The ISCSI-1 / 1 A board contains a WD 1772 floppy 
disk controller to directly control 3" , 3 1/2" and 
51/4" floppy disk drives. All the driver and receiver 
circuitries are installed on the board and the I/O 
signals are available on the P2 connector for easy 
interfacing. 
The floppy disk controller data bus is directly con­
nected to the DMA Controller allowing highest 
throughput from the floppy disk to the Dual Ported 
Memory. The single chip floppy disk controller in­
cludes all the phase locked loop and data separa­
tion without the need for adjustments and adap­
tions. 
The floppy disk controller WD 1772 is able to con­
trol · single and double density floppy disk drives 
(single or double sided). The selection of each 
mode is made via the local PI/T. 
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3.5 The PI/T 68230 

A 68230 Parallel Interface and Timer chip is instal­
led on the SYS68K1ISCSI-1 /1 A to control and dis­
play the status of all on-board activities. The PI/T is 
also used to force and monitor the interrupt request 
lines to the Bus Interrupter Module which initiates 
the interrupts to the VMEbus under control of the 
host CPU. 
One handshake pin is used to interrupt the local 
CPU if the host CPU accesses a defined location 
within the DPR. One output signal is used to force a 
SYSFAIL signal to the VMEbus if an on-board fail­
ure has been detected or if the board initializes the 
DPR after RESET or power up. The timer also in­
cluded in the PI/T is the time base for the on-board 
handling firmware and the scheduler for handling 
the macro commands. 
A watchdog timer for processor control is installed 
on the board to detect software or hardware errors 
independent from the on-board CPU. The SCSI 
bus RESET signal is controlled from the local PilL 
One input of the PI/T indicates the state of the SCSI 
bus RESET and one output can be used to force an 
SCSI bus reset. 

3.6 The Dual Ported RAM 

128 Kbyte of Dual Ported static RAM is installed on 
the SYS68K1ISCSI-1. The DPR is used to service all 
applications requiring fast operations and large 
amounts of data areas. The local 68010 CPU runs 
without the insertion of wait states from the DPR 
because the CPU clock synchronized arbitration 
logic and a fully buffered and latched VMEbus inter­
face is installed on the ISCSI-1 /1 A. 
Between two CPU access cycles, a VMEbus cycle 
is serviced and completed. On VMEbus READ cyc­
les, the data pattern is latched and the internal 
cycle of the DPR is terminated while the VMEbus 
cycle is de-coupled. 
A partition of the DPR is reserved for the local CPU 
for vector storage, the program counter and tem­
porary buffers. This partition is used from the VME­
bus side for programming the BIM and initiating an 
interrupt which will be handled from the on-board 
CPU or by driving a local RESET. 
The local DMA Controller, which is connected to 
the SCSI bus controller and the floppy disk control­
ler also runs without the insertion of wait states by 
accessing the Dual Ported RAM. The access ad­
dress and the Address Modifier codes are jumper 
selectable within the standard address range 
(A24: D16,D8). The access times of the DPR de­
pends on the accesses made by the local CPU as 
the local 68010 has priority over VMEbus acces­
ses. 

3.7 The VMEbus Interface 

A fully VMEbus IEEE 1014 compatible interface is 
installed on the SYS68K1ISCSI-1/1A to allow an 
access to the DPR and the Bus Interrupter Module. 
The 16-bit data width (D16, D8) of the DPR and the 
decoding of the standard address range (A24) al­
lows easy installation in all VMEbus environments. 
During power up and after RESET has been execu­
ted from the local CPU, the ISCSI drives the VME­
bus signal SYSFAIL active to signal each board in 
the VMEbus environment that the board is not 
ready or has detected a malfunction. 
A RESET for the local CPU can be initiated by ac­
cessing a dedicated address within the DPR. All 
local devices as well as the CPU will be reset 
through this access. 
An interrupt to the local CPU can be forced by ac­
cessing another location within the DPR, signalling 
the on-board processor that a command has been 
given, or that ari exception has to be taken. 
The Dual Ported RAM can be accessed at least 
every 640ns because this is the worst case cycle 
time. The data transfer rate to/from the ISCSI-1 /1A 
is 3 to 4 Mbyte/s including the VMEbus protocol. 

Access Time Cycle Time 

Best Case 330 400 
Average 430 500 
Worst Case 560 630 

3.8 The Bus Interrupter Module 

To allow fully asynchronous operation, the ISCSI 
contains a Bus Interrupter Module (BIM 68153) 
providing 4 individually programmable interrupt 
channels. Each channel is able to force an interrupt 
request to the VMEbus. For each channel, the IRQ 
level (1 to 7) as well as the interrupt vector is fully 
software programmable. 
The local CPU forces the interrupt requests to the 
BIM and the host CPU can program the interrupt 
vector and ,the level. ThiS allows dynamiC change of 
the interrupt level and vector in multi-processor 
environments. 

3.9 The Optional Back Panel 

A back panel which can be plugged into the P2 
connector of the ISCSI-1/1A board is optionally 
available. Included on this board is a 50-pin 2-row 
connector ,for the SCSI bus and a 34-pin 2-row 
connector for the floppy disk for direct connection 
of a flat cable. 
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4.0 The Handling Firmware 

The SYS68K1ISCSI-1 /1 A intelligent SCSI bus con­
troller board operates under the control of the local 
handling firmware. This EPROM resident firmware 
package executes the commands which are placed 
in the Dual Ported RAM and returns control and 
error messages. 
The host interface consisting of a command block, 
buffers for I/O and command chaining exists twice 
for easy implementation into a mUlti-processor 
system. 
The handling firmware is divided into different mo­
dules which are: 
• I/O initialization and selftest routines 
• SCSI initiator and target mode control 
• Command chaining routines 
• Block buffering and hashing structures 
• Handling for up to four floppy disk drives 
• Command execution routines 
Each of the two command blocks are used to pass 
commands and parameters to the firmware. When 
the command is executed, an interrupt can be gen­
erated. The return values, containing complete co­
des and parameters are placed in the command 
block. 

4.1 Features ofthe SYS68K1ISCSI-1I1A 

• Supporting multi-processor access via double 
software interface 

• The interfacing sector size between the host 
and the ISCSI-1 /1 A could be different from the 
physical sector size of the logical units 

• To upgrade the performance, 16 hashing buf­
fers are installed 

• Up to 5 logical units are under local control and 
could be accessed via the host interface or the 
SCSI bus 
lun #0 + the processor unit (CPU and DMAC) 
lun # 1 to #4 = floppy disk drives 

• 68000 programs could be loaded into the DPR 
and executed under local control 

4.2 The SCSI bus Interface 

• Full support of the SCSI standard either as in­
itiator and as target 

• Optional SCSI commands could be installed for 
up to several logical units 

• Emulation ofthe SCSI commands COPY, COM­
PARE and SEARCH 

• High speed data transfer with up to 1.5 Mbyte/ 
second 

• BACKUP command and automatic run time 
backup to a secondary unit 

SYS68K/ISCSI-1/1A 

• Support of the RESERVE/RELEASE com­
mands, and of the DISCONNECT/RESELECT 
operation 

• Automatic handling of REQUEST SENSE 
• Transparent Mode to the SCSI interface for uni­

que vendor specific commands or software de­
bugging 

4.3 Floppy Disk Interface 

• Supporting FORMAT, FORMAT TRACK, COM­
PARE, COpy and BACKUP commands 

• Disk parameters and format interleaves are fully 
installable and changeable 
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LOGICAL BLOCK DIAGRAM OF THE ISCSI-1/1A FIRMWARE 
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5.0 The Command Set of the ISCSI-1/1A 

5.1 Initialization Commands 

• Setup of SCSI bus ID • Enable/disable routine backup to parallellogi-
• Configuration of the interfacing sector size cal unit 

between the ISCSI-1 and the host • Setup of address offset 

• Installation of a logical unit (SCSI unit or a • Software reset with selftest 
local floppy disk) 

• Enable/disable block buffering for write oper-
ations 

5.21/0 Commands 

• Get one byte from logical block • Get a delimited string from a logical block 
• Write one byte to a logical block • Write a delimited string to a logical block 
• Read blocks from a logical unit • Get a counted string from a logical block 
• Write blocks to a logical unit • Write a counted string to a logical block 

5.3 Status Commands 

• Return the current state ofthe controller board • Return units parameter 
• Check SCSI targets for existence and device 

type 

5.4 Special Commands 

• Execute user program within the DPR • Compare data between two logical units 

• Execute command queue (chain mode) • Lock local units against SCSI bus access 

• Backup a logical unit • Free local units for SCSI bus access 

• Flush all modified buffers • Copy data from a logical unit to another or on 

• Format a logical unit the same unit 

• Format a track on a floppy disk • Enter command chaining mode 

5.5 SCSI Specific Commands 

• Send a command to SCSI target (transparent • Enable/disable automatic RESERVE/ 
mode) RELEASE unit 

• Enable/disable SCSI target mode 
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Specification of the SYS68KIISCSI-1/1A 

Local CPU 
Local DMA Controller 
EPROM 

Dual Ported RAM 

SCSI bus 

Floppy Disk Controller 

VMEbus Interface 

Handling Firmware 

Power Requirements 

Operating Temperature 
Storage Temperature 
Relative Humidity 
Dimensions 

Ordering Information 

SYS68K/ISCSI-1 
Part No. 300020 

SYS68K/ISCSI-1 A 
Part No. 300023 

SYS68K/ISCSI-1 BPS 
Part No. 300021 

SYS68K/ISCSI-1/UM 
Part No. 800114 

68010 CPU with 10 MHz Clock Frequency 
68450 DMAC with 10 MHz Clock Frequency 
128 Kbyte maximum capacity 
Constant No Wait State operation 
512/128 Kbyte capacity using static RAMs No Wait State 
operation from local CPU and DMA Controller 
VMEbus access time best case - 330 ns 
VMEbusaccesstimeaveragecase - 430ns 
VMEbus access time worst case - 560ns 
NCR 5386S SCSI bus controller and NCR 831 0 SCSI bus 
driver/transceiver Initiator and Target Modes Supported 
All SCSI bus signals are available on the P2 connector 
WD 1772 Floppy Disk Controller supporting 3", 3.5", 
5 1/4" disk drives on-board phase lock loop and data 
separation SA450 compatible interface available on the P2 
connector 
Fully IEEE 1014 compatible slave interface 
A24: 016, 08 mode 
41RQs with software programmable level (1-7) and vector 
Access address jumper selectable 
SYSFAI L supported 
In EPROM with macro commands for all mass memory 
control 
+5V: 5.6A (max) 
(P2 backplane or power connection on P2 recommended) 
o to 50 Degrees C 
-50 to +85 Degrees C (non-operating) 
o to 90% (non-condensing) 
233x160mm 
9.3"x6.3" 

Intelligent SCSI/Floppy Disk Controller, 128 Kbyte Dual 
Ported RAM, with local DMAcontroller, including 
firmware and documentation. 

Intelligent SCSI/Floppy Disk Controller, 512 Kbyte Dual 
Ported RAM, with DMAcontroller, including firmware 
and documentation. 

Back panel forthe ISCSI-1 /1A board providing SCSI 
and floppy disk controller connectors. 

User's Manual forthe ISCSI-1 /1 A. 
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FORCE Computers Graphics Controller Board 
Introduction 

The family of FORCE Computers graphics cards 
covers all needs from low cost, medium perfor­
mance graphics solutions to powerful high resolu­
tion graphics cards capable of simultaneously dis­
playing 256 different colours. 

General Feature Overview 

For top end graphics applications, the SYS68K1 
AGC-1 board offers all the advanced features that 
are made available with the 63484 ACRTC Advan­
ced Colour Raster Tube Controller chip. The hard­
ware fully implements the dual access mode of the 
chip which allows the fastest flicker free drawing. 
2 Mbyte of dual ported RAM is installed on the 
board set as standard allowing resolutions of up to 
1600 x 1280 to be displayed with 16 colours in in­
terlaced mode. The optional SYS68KI AGC-1 X 
board may also be installed in the subsystem. This 
provides a character generator, 4 serial ports and a 
full VMXbus interface. The SYS68K1AGC-1 board 
set is the high level graphics solution. 
If you need the high level graphic solutions offered 
by the 63484 ACRTC but the comprehensive featu­
res offered by the AGC-1 family are more than you 
need, then maybe the SYS68K1AGC-2 will fit your 
specification. The board offers 1 Mbyte of video 
memory and the 63484 offering 4 bit/pixel graphi­
cal display at up to 1160 x 876 resolution. The 
AGC-2 is the low cost performance solution. 

Graphics Controller Board Introduction 
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FAMILY CMC-1 GDC-1 AGC-1 AGC-1X AGC-2 a 0 
~ 

Resolution 50 Hz interlaced 1600x 1280 - 1160x 870 
50 Hz non-interlaced 1140x 870 - 800x600 
60 Hz interlaced 1280x1024 - 1024x800 

.. < GI iD' 

" 
::e 

60 Hz non-interlaced 1024x 800 - 720x560 :::r --No. of different simultaneous 16or256 16or256 16 ft 
displayable Colors M 
Total No. of Colors 16 million 16million 256K n 
Used Controller Chip 63484 - 63484 0 
Video RAM Capacity 2 Mbyte - 1 Mbyte 
Local Intelligence via - - -

::::I ... .. 
Interfaces: Light Pen yes no yes 0 

Serial 1/0 (RS232) 0 4 0 
Centronics Not Not no no no --" Smooth Scroll: Horizontal recom- recom- yes yes yes 
Vertical mended mended yes yes yes 

.. 
M 

Zoom for new for new yes yes yes 

Cursor: Software Programmable designs. designs. yes yes yes 
Cross Hair no no yes 
Grid no no yes 

No. of different Screens 3 - 3 
Window Screens 1 - 1 

Character Generator: RAM - 128 Kbyte -
EPROM - 128 Kbyte -

No. of Boards 2 1 1 

Special Features - VMXbus -
- DMAC -

Detailed Description 317 317 331 
on Page: 

Note: The AGC-1 X board can only be used in conjunction with the AGC-1 
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System 68000 VME 
SYS68KI ACiC-1/1X 
Advanced High Resolution Ciraphic 
Controller Board 

• 63484 ACRTC Controller with Dual Access 
Mode implemented 

• 1600x1280x4 Bit interlaced display format 
• 16/256 colours out of 16 million 
• Smooth Scroll (vertical and horizontal) 
• 3 split screens and 1 window 
• 2 Mbyte Video Memory 
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General Description 
The SYS68K1 AGC-1 is a high performance graphic 
system consisting of two double eurocard boards. 
It is based on the Advanced Colour Raster Tube 
Controller ACRTC-63484 and the VMEbus. 
The maximum resolution to be displayed at 50 Hz is 
1600 by 1280 pixel with 4 bit/pixel colour informa­
tion and interlaced display mode. 
Flicker-free display in the non-interlqced mode is 
provided by using the 1024 by 800 display format 
which provides 50 to 60 Hz frequency and 4 bit! 
pixel colour information. The pixel frequency of the 
RGB outputs is 32 MHz or 64 MHz depending on 
the colour information per pixel. 
To provide maximum flexibility, 256 different col­
ours out of 16 million can simultaneously be dis­
played at the maximum format of 800 by 600 pixels 
using the 50 Hz non-interlaced display mode. 
The 2 Mbyte dual ported video RAM is accessible 
from the ACRTC and the VMEbus. The Dual Ac-

SYS68KI AGC-1 

cess Mode of the ACRTC is implemented for all 
display formats to enhance drawing speed. 
The VMEbus interface (IEEE 1014) contains a jum­
per selectable access address for the ACRTC and 
the Bus Interrupter Module (BIM 68153) as well as 
for the 2 Mbyte video RAM. 
Three Advanced Graphic Colour Palettes 
(AM8151) are installed on the AGC-1 board set to 
select the 16 or 256 simultaneously displayable 
colours out of the whole set of 16 million colours. 
Hardware zoom, vertical and horizontal smooth 
scroll, clipping, hitting, blinking and conditional 
blinking are additional features ofthe AGC-1 board 
set. These features are described briefly in the next 
paragraphs. 
The world-wide Graphic Standard GKS is optionally 
available for the AGC-1 board set. Detailed infor­
mation is outlined in the GKSGRAL datasheet in the 
software chapter of this data book. 

BLOCK DIAGRAM OF THE SYS68K/AGC-1 BOARD SET 

Q VMEbus Interface I 
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Board I \,1 
Control&. 
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Features of the SYS68K1 AGC-1 
• ACRTC 63484 with a clock frequency of 8 MHz 

and 23 high level commands. Dual Access 
Mode implemented. 

• High level graphic commands, such as LINE, 
RECTANGLE, POLYLINE, POLYGON, CIRCLE, 
ELLIPSE, PAINT, COPYetc. 

• 2 Mbyte of dual ported RAM directly ~ccessible 
from the VMEbus and through the ACRTC. 
Hardware refresh for the DRAMs implemented. 

• R-G-B and composite SYNC outputs. 
• Display formats: 

Horizontal Bit! Pixel Frame Mode 
x vertical Pixel Frequency Period 

1600x1280 4 64MHz 50Hz interlaced 

800x 600 8 32MHz 50Hz non-
interlaced 

• No "flashing" screen during draw cycles due to 
the implemented dual access mode. 

• Pixelwise softscrolls (horizontal and vertical). 
• 3 different screens with software programmable 

positions. 
• 3 Graphic Colour Palettes provide 16 or 256 

simultaneously displayable colours out of a 
palette of 16 million. 

• Lightpen interface. 
• VMEbus/lEEE 1014 standard 

A24: D16, D8 
A16:D16,D8 

• Interrupter to VMEbus with software program­
mable IRQ level and vector. 

• RUN/LOCAL switch to disable VMEbus ac­
cesses. 

• Fully buffered local bus. 
• Extension interface to the SYS68K1AGC-1X 

board. 

1.0 Functional Description 
The ACRTC 63484 receives the drawing com­
mands from a CPU-board through the VMEbus 
interface. All address calculations to the video 
RAM are made internally to offload the CPU-board 
programs by using only x- and y-coordinates. 
The controller chip automatically generates the 
timing to the screen after initialisation. 
4 or 8 bit per pixel can be selected as display modes 
to provide 16 or 256 different colours to be dis­
played out of the complete range of 16 million 
colours. 

A local interface connector between the AGC-1A 
and -1 B board is installed in the middle ofthe boards 
to offload the P2 connector and leave it free for other 
bus interfaces. 
Board A contains the ACRTC chip, the VMEbus in­
terface and the colour lookup table including the 
DI A converters. All timing and control functions are 
installed on the A board, while the B board houses 
the dynamic RAMs and the shift registers. 
The following paragraphs describe different func­
tions on the AGC-1 board set. 

1.1 The ACRTC 63484 
The Advanced CRT Controller 63484 provides 38 
commands including 23 graphic drawing com­
mands. A 16 byte on-chip Read/Write FIFO reduces 
communication overhead of the CPU-board. Auto­
matic conversion of the x-y coordinates to physical 
frame buffer addresses is provided through the 
on-chip drawing processor. 
All timing parameters of the used monitor are soft­
ware programmable and the ACRTC generates all 
the necessary timings to the R-G-B and SYNC 
outputs. 
The controller also allows the use of up to 3 differ­
ent screens (upper, lower and the base screen) plus 
one window screen. 
The size and the position as well as the smooth 
scroll for each screen is software programmable. 
SpeCial hardware logic is implemented on the 
AGC-1 to support the horizontal and vertical 
smooth scroll function. In addition, hardware logic 
provides the correct attributes for zooming (1 .. 16). 
The lightpen interface of the ACRTC is supported 
via the 15 pin D-sub connector available on the 
front panel. 
The drawing speed of the ARCTC is at minimum 
2 Mpixel/s because of implementation of the Dual 
Access Mode. 
With the implementation of the Dual Access Mode, 
the ACRTC display and drawing accesses are inter­
laced, so the ACRTC reaches its maximum drawing 
speed without a "flashing" display during draw and 
read accesses. 

1.2 The Video RAM 
2 Mbyte of video RAM are installed on the AGC-1 
board B supporting the whole addressing capabil­
ity of the ACRTC chip. The video RAM enables the 
usage of multiple pictures to be held in the video 
memory (depending on the display size and the 
zoom factor). 
Direct access from the VMEbus is provided through 
the VMEbus/lEEE 1014 interface. The transfers tol 
from the video memory cause no interference on 
the display. 
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The Dual Access Mode of the ACRTC chip is im­
plemented on the AGC-1 to offer maximum draw­
ing speed at 64 MHz pixel clock frequency. In the 
dual access mode, the ACRTC displays the pattern 
in the video RAM on the screen in the first cycle and 
draws in the next cycle. The 4 or 8 bits per cycle are 
modified in each draw cycle which minimizes draw­
ingtime. 
The ACRTC chip provides the hardware refresh for 
the dynamic RAMs which uses 64 K x 4 organization. 

1.3 The Colour Lookup Table 
The AGC-1 board set contains 3 colour lookup 
tables (AM8151) including the digital to analogue 
converters to provide a total set of 16 million dif­
ferent colours. The two different display modes (4 
or 8 bit per pixel) allow the display of 16 or 256 col­
ours at one time, respectively. 
The colour lookup tables are accessible through 
the VMEbus/lEEE 1014 interface and all entries are 
also readable. 
The timing and control functions as well as the ECl 
voltage converters are installed on the AGC-1 board 
A so that no additional power supply for the -5V is 
needed. 

Horizontal Bit/Pixel No. of 
x vertical Colours 

1600x 1280 4 16 
1280x 1024 4 16 

1140x 870 4 16 
1024x 800 4 16 

1160x 870 8 256 
1024x 800 8 256 

800x 600 8 256 
720x 560 8 256 

An interrupt in the V-sync phase can be generated 
to load the colour lookup table without any flicker 
on the monitor. 

1.4 The Video Outputs 
Four BNC connectors for connection of a colour 
monitor are provided on the front panel oftheAGC-1 
board A. The R-G-B outputs have the following 
characteristics: 

-1Vto +1V analogue voltage at 75 Ohm 
64 MHz maximum pixel frequency 

A composite SYNC output is also available on the 
front panel. 

1.5 Light Pen Interface 
The light pen input of the ACRTC chip is supported 
via a standard lightpen interface and the 15 pin 
O-sub connector available on the front panel. 
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1.6 Display Formats 
The resolution to be displayed depends on the 
monitor parameters as well as on the AGC-1 hard­
ware setups. The following table lists standard dis­
play formats which are supported from the AGC-1 
hardware and which are tested with various moni­
tors. 
All display parameters as well as the number of bits 
per pixel are software programmable to offer maxi­
mum flexibility and minimize software overhead. 
An initialisation routine in menu technique (under 
POOS), a programming example and a POOS driver 
are optionally available. 

1.7 The VMEbus Interface 
A VMEbus IEEE 1014 standard compatible inter­
face is installed on the AGC-1 board set. The access 
address and the address modifier code of the video 
RAM (2 Mbyte) are jumper selectable within the 
standard address range (A24:016, 08). The ACRTC, 
the Bus Interrupter Module BIM 68153 as well as 
the colour lookup table are also accessible under 
the same address and AM-codes. 
All address, data and control signals are latched 
and buffered the local bus. 

Pixel Frame Period Mode 
Frequency 

64MHz 50Hz interlaced 
64MHz 60Hz interlaced 

64MHz 50Hz non-interlaced 
64MHz 60Hz non-interlaced 

32MHz 50Hz interlaced 
32 MHz 60Hz interlaced 

32MHz 50Hz non-interlaced 
32MHz 60Hz non-interlaced 

1.8 Bus Interrupter Function 
A Bus Interrupter Module BIM 68153 is installed on 
the AGC-1 board set supporting the ACRTC-IRQ 
output and an IRQ on vertical SYNC. The BIM in­
cludes 4 channels each providing interrupt request 
generation on a software programmable level (IRQ 
1 to 7) with a programmable interrupt vector. 
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2.0 Special Functions 
The AGC-1 board set contains special hardware 
logic for zoom and scroll which are extensions to 
the functions of the ACRTC chip. 

2.1 Zoom 
A hardware zoom for zoom factors 1 to 16 is installed 
to provide a flicker-free display supporting the 
three different split screens. The zoom can be used 
in conjunction with the smooth scroll. The X and the 
Y zoom factors are independently programmable. 

2.2 Smooth Scroll 
Vertical qnd horizontal smooth scroll is implement­
ed on the AGC-1 board set providing pixel-wise 
scrolling. 
Both the vertical and the horizontal scroll factors 
are software programmable for the 3 different split 
screens. 

2.~ Blinking 
The AGC-1 board set can be used in a wide variety 
of applications and the blink function of the ACRTC 
chip is installed on the board set as follows: 

4 Bit Mode: 
4 Pixel 
4 Pixel 

4 Pixel 

8BitMode: 
8 Pixel 
7 Pixel 

6 Pixel 

+ 1 BlinkAttribute 
+ 1 BlinkAttribute 
+ 1 Blink Overlay 
+ 2 Blink Overlays 

+ 1 BlinkAttribute 
+ 1 Blink Attribute 
+ 1 Blink Overlay 
+ 2 Blink Overlays 

2.4 Clipping and Hitting 
The ACRTC provides the clipping function which 
allows figures to be drawn within/outside a defined 
drawing area without destroying information out­
side/within the specified drawing area. 
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Example 
Clipping: 
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The hitting function allows a figure to be draw in­
side/outside the specified drawing area. Concurrent 
to the clipping function, all pixels inside/outside the 
specified drawing area will be set. The clipping 
function sets all pixels inside/outside the drawing 
area until the drawing area is left/reached. If the 
figure returns into the drawing area, clipping will 
not modify the pixels because hitting modifies this 
pixel. 

Example 
Hitting: 

, 
I 
I 



2.5 The Split Screens 
The ACRTC offers as many as 4 different screens to 
be displayed, the upper-, lower- and base screen 
as well as the window. The position where the 
screens have to be displayed is fully software pro­
grammable (independent from each other). 
Parts of figures can be drawn separately and dis­
played together without any flicker on the screen. 
An example for three split screens is outlined below: 

Board A 

Upper Screen 

Board A 

Board B 

SYS68K1 AGC-1 
Board System 

Each of the split screens as well as the window 
have separate attributes for scrolling and zooming, 
built with separate hardware logic, controlled by 
the ACRTC chip. 

2.6 The Cursor 
The ACRTC chip provides a software controlled 
cursor which is implemented on the AGC-1. The 
two hardware cursors are not implemented because 
the ACRTC-1 chip does not allow the positioning of 
the cursor on a pixel base, which creates incorrect 
display information if zoom and/or the smooth 
scroll is active. A copy of a 16 by 16 pixel field in­
cluded in the video memory is usable in building the 
cursor. The pattern in the RAM cells is program­
mable so that the cursor displays the user defined 
figure. 

Board B 

Base Screen 
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SYS68K1AGC-1 
Board System 

Lower Screen 

Displayed on the 
Monitor 
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3.0 The ACRTC Command Set 
The ACRTC chip contains a set of 38 commands 
dedicated to three groups, Register Access, Data 
Transfer, and Graphic Drawing commands. The 
five Register Access commands allow access 
to the pattern RAM and the drawing parameter 
registers. Ten Data Transfer commands are used to 
move data between the video memory and the 
VMEbus host or within the video memory. 

Type Mnemonic 

Register ORG 
Access RPR,WPR 
Commands RPTN,WPTN 

Data DRD,DWT,DMOD 
Transfer RD,wT,MOD 
Commands CLR,SCLR 

CPY,SCPY 

Drawing AMOVE,RMOVE 
Commands ALlNE,RLlNE 

ARCT,RRCT 
APLL,RPLL 
APLG,RPLG 
CRCL 
ELPS 
AARC,RARC 
AEARC,REARC 
AFRTC,RFRTC 
PAINT 
DOT 
PTN 
AGCPY,RGCPY 
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The 23 Graphic Drawing commands cause the 
ACRTC to perform drawing separations. The par­
ameters for these commands are specified using 
logical x-y coordinates. All 38 commands, par­
ameters and data are transferred via the ACRTC 
read and write FIFOs. 
The following table lists all commands installed on 
the ACRTC chip. 

Function 

Set Origin Point 
Read/Write Parameter Registers 
Read/Write Pattern RAM 

DMA Read/Write/Modify 
Read/Write/Modify 
Clear 
Copy 

Move 
Line 
Rectangle 
Polyline 
Polygon 
Circle 
Ellipse 
Arc 
Ellipse Arc 
Filled Rectangle 
Paint 
Dot 
Pattern 
Graphic Copy 
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4.0 Specifications of the SYS68K/AGC-1: 

Graphics Controller 63484 (8 MHz) ACRTC using Dual Access Mode 
Video Memory 2 Mbyte, accessible via the ACRTC and direct from the VMEbus 

Maximum Display Formats 4bitMode 1600 x 1200 50Hz interlaced 
1280 xi 024 60Hz interlaced 

1140x 860 50Hz non interlaced 
1024x 800 60Hz non interlaced 

8bitMode 1140x 860 50Hz interlaced 
1024x 800 60Hz interlaced 

800x 600 50Hz non interlaced 
720x 560 60Hz non interlaced 

Pixel Depth 4 or 8 bit, depending on the display format 
Colour Selection 16 or 256 colours out of a set of 16 million colours 

(software programmable) 
Video Outputs 32 or 64 MHz pixel frequency 

1.0 Vss R, G, and Bon 75 Ohm load 
TTL compatible composite SYNC on 75 Ohm load 
4 BNC connectors installed on the front panel 

Special Functions Hardware Zoom (1 to 16) 
Horizontal smooth scroll via hardware logic 
Vertical smooth scroll via hardware logic 
3 different screens 
1 window 
Software cursor 
Hitting and clipping functions 
Lightpen Interface 

Host Interface VMEbus IEEE 1 014 compatible 
A24 : 016, 08 or A 16: 016, 08 
Interrupter to VMEbus 
41RQs on level 1 to 7 

Power Requirements +5V +12V -12V 

Board A 5.8A O.1A 0.7A 
Board B 5.6A - 0.7A 

Because of the power requirements, the AGC-1 
board has to be powered on the Pi and P2 con-
nectors. 

Operating Temperature o to 50 Degrees C 
Storage Temperature -50 to 85 Degrees C (non-operating) 
Relative Humidity 0-90% (non-condensing) 
Dimensions Double Eurocard 

234x160mm 
9.2"x6.3" 
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5.0 General Description 
The SYS68K1AGC-1X is a very sophisticated ex­
tension for the SYS68K1AGC-1 graphics system. 
It adds a list of very useful features to the AGC-1 
boardset to give them maximum performance in all 
graphic applications. 
The 128 Kbyte character RAM provides a powerful 
character overlay using the window features of the 
AGC-1. Characters could be displayed with 8 col­
ours out of 16 million in normal and in inversed 
mode. The blink feature ofthe ACRTC 63484 is also 
supported. There is a great variety of displaying 
character oriented information with the SYS68K1 
AGC-1. 
The 256 Kbyte character generator consists of 
128 Kbyte EPROM and 128 Kbyte RAM and allows 
the user to gel"!erate up to 4096 characters or gra­
phic symbols at one time. The character size is pro­
grammable and can vary between 8, 16 or 32 pixels 
in width and up to 32 lines in height. 
Four serial I/O channels with V24/RS232 interface 
using the DUSCC 68562 with data rates up to 4 
Mbitls ease the adoption of mainframe links as well 
as the interfacing of graphic tableaus, plotters, 
printers, keyboards and mice. 
The four channel DMA controller 68450 DMAC en­
hances the access to the SYS68K1 AGC-1 by sup­
porting memory to/from video RAM transfers as 
well as single access transfer to/from the 63484 
ACRTC. The DMAC also supports two of the four 
serial 110 channels. The 68450 DMAC is fully trans­
parent to the VM Ebus and can speed up memory to 
memory transfers from any location to any location 
on the VMEblJs. 
A VMXbus interface is also available on the board 
which gives the opportunity to implement local gra­
phic functions in VMEbus environments. 

6.0 Features of the SYS68K1AGC-1X 
• 128 Kbyte of character RAM supporting the 

character feature of the 63484 ACRTC. 
8 colours out 'Of 16 million (for the character dis­
play) invers, blink attributes 
max. 4096 different characters accessible 

• 256 Kbyte of character generator RAM/EPROM 
supports the generation of characters with 8, 16 
or 32 cpl\..!mns width and up to 32 lines height. 
Depending on the column mode the character 
generator stores up to 4096 different characters 
or graphic symbols. 

column mode 
(columns/character) 

8 
16 
32 

no. of characters 
(available in the 

generator) 

4096 
2048 
1024 

327 

SYS68KI AGC-1X 

• Two DUSCC 68562 (Dual Universal Serial Com­
munications Controller) provide four serial I/O 
channels. 
data rates up to 4 Mbitlsecond 
synchronous and asynchronous protocols 
V24/RS232 Interface via 9 pin DSUB female 
connectors 
DMA support for two channels 

• The four channel DMA controller (DMAC 68450) 
supports data transfers on the VMEbus, directly 
interfacing the 63484 ACRTC on the SYS68K1 
AGC-1 board and one DUSCC 68562. 
DMA transfers from/to the video memory. 
DMA transfers from/to the DUSCC 68562. 
DMA transfers from/to the 63484 ACRTC using 
single access transfers. 
Four level BUS ARBITER. 
Release-When-Done, Release-an-Request 
function. 
Retry, Relinquish an Retry function on BERR. 
Bus master indication LED. 
DMA transfers from any to any location on the 
VMEbus (A24, A 16). 
Fully compatible with VMEbus/IEEE 1014 
standard. 

• The VMXbus interface supports the following 
data transfer modes for accesses to all devices on 
the SYS68K1 AGC-1 and the SYS68K1 AGC-1 X: 
A24: D16, D8 
The access address from the VMEbus (Stand­
ard Memory) and the VMXbus are identical. 
DMA transfers on the VMEbus using the 68450 
DMAC on the SYS68K1 AGC-1 X can be initiated 
via the VMXbus. 
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7.0 Specifications of the AGC-1 X 

Function Description 

Character RAM 128 Kbyte RAM using overlay and window in conjuction with 
theAGC-1 

Character Colours 8 colors usable at one time out of a selection of 16 million 

Character Blinking Is supported in conjuction with the AGC-1 

Character Generator 128 Kbyte on RAM 
128 Kbyte on EPROM 

Character Size 8, 16 or 32 pixels width, up to 32 lines height in 1 line steps 

Serial Interfaces Four RS232N24 for graphic devices (Tableau, Printer, 
Plotter, Keyboard and Mouse) 

Other Interfaces VMXbus slave interface which allows access to the AGC-1 
andAGC-1X 

Other Devices on Board 68450 DMAC for high speed transfers on the VMEbus 

Power +5V +12V -12V 
Requirements 4.5V 0.03A 0.03A 

Operating Temperature o to 50 Degrees C 
-50 to 85 Degrees C (nonoperating) 

Relative Humidity o to 90% (non-condensing) 

Dimensions Double Eurocard (2x) 
234x160mm 
9.2"x6.3" 
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Ordering Information 

SYS68K1 AGC-1 
Part No. 400020 

SYS68K1AGC-1/UM 
Part No. 800106 

SYS68K1AGC-1X 
Part No. 400022 

SYS681 AGC-1 X/U M 
Part No. 8001 07 

SYS68KI AGC-1X 

Advanced Graphic Controller Board Set consisting of the 
A and B Board. 
Documentation included. 

User's Manual for the SYS68K1 AGC-1 Board Set. 

Advanced Graphic Controller extension board to the AGC-1. 
Documentation included. 

User's Manual forthe AGC-1 X board. 
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SYS68KI AGC-2 

System 68000 VME 
SYS68KI ACe·! 
Advanced Colour Graphic 
Controller Board 

• 63484 ACRTC Controller 
• 1160x870x4 Bit interlaced display format 
• 16 colours out of 262144 colours 
• 3 split screens and 1 window 
• 1 Mbyte Video Memory 
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General Description played at the maximum format of 1160 x 870 pixels 
The SYS~8K1AGC~2 is a high performance graphic using the 50 Hz inter~aced display mode. 
board which combines a powerful graphic proces- The 1 Mbyte video RAM is accessible via the 
sor, the 63484 ACRTC, with 1 Mbyte video RAM ACRTC by using its powerful command set. 
and a digital-to-analogue convertor the IMS G170 The local control, which consists of a Bus Interrup-
with a colour look-up table.' , ter Mo?ule (BIM), offers software control for pro-
The maximum resolution to be displayed at 50 Hz is grammlng the ACRTC and updating the frame buf-
1160 x 870 pixel with 4 bit/pixel colour information fer of the colour look-up table during vertical re-
and interlaced display mode. trace period. 
Flicker-free display in the non-interlaced mode is The AGC-2 also provides a standard light pen inter-
pr~vided by using the 800 x 600 display format face which is accessible through the front panel. 
which provides 50 Hz frequency and 4 bit/pixel co- The VMEbus interface is Rev.Cand IEEE 1014com-
lour information. The pixel frequency of the RGB patible and contains a jumper selectable access 
output is 32 MHz, or 16 MHz to allow the connec- address and address modifier for the on-board de-
tion of a lower resolution monitor also. vices. 
To provide maximum flexibility, 16 different co- A fr~e p~ogramma~l~ cursor and a grid, which can 
lours, out of 262144, can be simultaneously dis- be filled In, are additional features of the AGC-2. 

BLOCK DIAGRAM OF THE SYS68KI AGC-2 BOARD 
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Features of the SYS68K1AGC-2 

• ACRTC 63484 with a clock frequency of 4 MHz. 
• 23 High level graphic commands, such as LINE, 

RECTANGLE, POLYLINE, POLYGON, CIRCLE, 
ELLIPSE, PAINT, COPY etc. 

• 1 MB video RAM accessible via the ACRTC. 
• Free programmable cursor independent from 

zoom and window limits. 
• Grid logic in combination with zooming. 
• R-G-B and composite SYNC output. 
• 3 different screens with software programmable 

positions. 
• 1 graphic colour RGB-OAC with colour look-up 

table providing 16 simultaneously displayable 
colours out of a palette of 262144 colours. 

• Light pen interface. 
• VMEbus/IEEE 1014 interface 

A24: 016, 08 
A16 : 016, 08 

• Interrupter to VMEbus with software program­
mable IRQ level and vector. 

• RUN/LOCAL switch to disable VMEbus 
accesses. 

• Full decoding of the address modifiers. 

1.0 Functional Description 
The ACRTC 63484 receives the drawing com­
mands from a CPU-board through the VMEbus in­
terface. All address calculations to the video RAM 
are made internally to deload the CPU-board pro­
grams by using only x- and y-coordinates. 
The controller chip automatically generates the ti­
ming to the screen after initialization. 
4 bits/pixel provide 16 colours to be displayed out 
of the complete range of 262144 colours. 

1.1 The ACRTC 63484 
The advance CRT Controller 63484 provides 38 
commands including 23 graphic drawing com­
mands. A 16 byte on-chip ReadlWrite FIFO redu­
ces communication overhead of the CPU-board. 
Automatic conversion of the x-y coordinates to 
physical frame buffer addresses is provided 
through the on-chip drawing processor. 
All timing parameters for the used monitor are soft­
ware programmable, and the ACRTC generates all 
the necessary timings to the R-G-B and SYNC out­
puts. 

Horizontal Bit/Pixel No. of 
x Vertical Colours 

1160x870 4 16 
1024x800 4 16 

800x600 4 16 
720x560 4 16 

690x520 4 16 
640x480 4 16 

The controller also allows the usage of up to 3 diffe­
rent screens (upper, lower and base screen), plus 
one window screen. 
The size and the position, as well as the smooth 
scroll for each screen, is software programmable. 
The light pen interface of the ACRTC is supported 
via the 15 pin O-sub connector available on the 
front panel. 

1.2 The Video RAM 
1 MB of video RAM is installed on the AGC-2 board. 
The video RAM enables the usage of multiple pic­
tures to be held in the video memory (depending on 
the display size and the zoom factor). 
The video RAM can be accessed via the ACRTC 
using its data transfer commands. 

1.3 The Colour Look-up Table 
The AGC-2 contains the IMS G170 RGB-OAC with 
colour look-up table, 4 bits/pixel provide 16 co­
lours to be displayed out of the complete range of 
262144 colours. 
The colour look-up table is accessible through the 
VMEbus/IEEE 1014 interface. 
An interrupt in the V-sync phase can be generated 
to load the colour look-up table without any flicker 
on the monitor. 

1.4 The Video Outputs 
Four BNC connectors for the connection of a co­
lour monitor are provided on the front panel of the 
AGC-2 board. The R-G-B outputs have the follow­
ing characteristics: 

o to 1V (analogue) at 75 Ohm 
32 MHz maximum pixel frequency 

A composite SYNC output is also available on the 
front panel. 

1.5 Light Pen Interface 
The light pen input of the ACRTC chip is supported 
via a standard light pen interface and the 15 pin 
O-sub connector available on the front panel. 

1.6 Display Formats 
The resolution to be displayed depends on the mo­
nitor parameters as well as on the AGC-2 hardware 
setups. The following table lists standard display 
formats which are supported from the AGC-2 hard­
ware and which are tested with various monitors. 

Pixel Frame Mode 
Frequency Period 

32MHz 50Hz Interlaced 
32MHz 60Hz Interlaced 

32MHz 50Hz non-Interlaced 
32 MHz 60Hz non-Interlaced 

16MHz 50Hz Interlaced 
16MHz 60Hz Interlaced 
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All display parameters are software programmable 
to offer maximum flexibility and minimize software 
overhead. 

1.7 The VMEbus Interface 

A full VMEbus IEEE 1014 standard interface is in­
stalled on the AGC-2 board. The access address 
and the address modifier code of the board are 
jumper selectable within the standard address 
range (A24: 016, 08) and short I/O range (A 16: 016, 
08). The ACRTC, the Bus Interrupter Module BIM 
68153, the RGB-OAC IMS G170 and the cursor 
RAM are accessible under the same AM-codes. 
All address, data and control signals are latched 
and buffered to build the local bus. 

1.8 Bus Interrupter Function 

A Bus Interrupter Module, BIM 68153, is installed 
on the AGC-2 board supporting the ACRTC-IRQ 
output as well as an IRQ on vertical and horizontal 
SYNC. The BIM includes 4 channels, each provi­
ding interrupt request generation on a software 
programmable level (IRQ 1 to 7) with a programma­
ble interrupt vector. 

2.0 Special Functions 

SYS68KI AGC-2 

2.1 Zoom 

A hardware zoom for zoom factors 1 to 16 is instal­
led to provide a flicker-free display supporting the 
base screen. The x and y zoom factors are inde­
pendently programmable. 

2.2 Clipping and Hitting 

The ACRTC provides the clipping function which 
allows figures to be drawn within/outside a defined 
drawing area without destroying information out­
side/within the specified drawing area. 

Example of Clipping: 

L \ 
, 

I 
\ , / D ',---, / / 

/ 
I 

I 
I 

\ , 
"-

The AGC-2 board contains special hardware logic Example of Hitting: 
for zoom, a cursor (independent from zooming and r-------------------, 
windows) and grid logic (combined with zooming). 
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2.3 The Split Screens 

The ACRTC offers as many as 4 different screens to 
be displayed: the upper-, lower- and base screen 
as well as the window. The position where the 
screens have to be displayed is fully software pro-

Picture A 

Upper Screen 

Picture A 

Picture C 

2.4 The Cursor 

The ACRTC chip provides a software controlled 
cursor which is implemented in hardware on the 
AGC-2. 
8 Kbyte static RAM, accessible via the VMEbus 
interface and independent from the video RAM, 
provides a cursor with free programmable colour 
and form in a maximum size of 128 x 128 pixels. 
The position is independent from zoom and win­
dow limits, and is programmable in 1 pixel steps in 
both horizontal and vertical directions. 

grammable (the screens being independent from 
each other). 
Parts of figures can be drawn separately and dis­
played together without any flicker on the screen. 

An example for three split screens is outlined below: 

Picture B 

Base Screen 

Picture B 

2.5 The Grid 

PictureC 

Lower Screen 

Displayed 
on the monitor. 

A grid with 1 pixel width and the distance of the ac­
tual zoom factor can be filled in. The colour of the 
grid is free programmable. 
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3.0 The ACRTC Command Set 

The ACRTC chip contains a set of 38 commands 
dedicated to three groups, Register Access, Data 
Transfer and Graphic Drawing commands. The five 
register access commands allow access to the 
pattern RAM and to the drawing parameter regi­
sters. Ten data transfer commands are used to 
move data between the video memory and the 
VMEbus host, or within the video memory. 

Type Mnemonic 

Register ORG 
Access RPR,WPR 
Commands RPTN,wPTN 

Data 
Transfer RD,WT,MOD 
Commands ClR,SClR, 

CPY,SCPY 

Drawing AMOVE,RMOVE 
Commands ALlNE,RLlNE 

ARCT,RRCT 
APll,RPll 
APlG,RPlG 
CRCl 
ElPS 
MRC,RARC 
AEARC,REARC 
AFRTC,RFRTC 
PAINT 
DOT 
PTN 
AGCPY,RGCPY 
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The 23 graphic drawing commands cause the 
ACRTC to perform drawing separations. The para­
meters for these commands are specified using lo­
gical x-y coordinates. All 38 commands' parame­
ters and data are transferred via the ACRTC read 
and write FIFOs. 
The following table lists all commands installed on 
the ACRTC chip: 

Function 

Set Origin Point 
ReadlWrite Parameter Registers 
ReadlWrite Pattern RAM 

ReadlWrite/Modify 
Clear 
Copy 

Move 
Line 
Rectangle 
Polyline 
Polygon 
Circle 
Ellipse 
Arc 
Ellipse Arc 
Filled Rectangle 
Paint 
Dot 
Pattern 
Graphic Copy 
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Specifications of the SYS68K1 AGC-2: 

Graphics Controller 63484 (4 MHz) AQRTC 
Video Memory 1 Mbyte, accessible via the ACRTC 

Maximum Display Formats 1160x870 50Hz Interlaced 
1024x800 60Hz Interlaced 

800x600 5dHz non-Interlaced 
720x560 60Hz non-Interlaced 

Pixel Depth 4bit 
Colour Selection 16 colours out of a set of 262144 

(software programmable) 
Video Outputs 16 or 32 MHz pixel frequency 

1.0Vss R, G, and Bon 75 Ohm load 
TTL compatible composite SYNC on 75 Ohm load 
4 BNC connectors installed on the front panel 

Special Functions Hardware Zoom (1 to 16) 
3 different screens 
1 window 
Software cursor 
Hardware cursor 
Grid Logic 
Hitting and clipping function 
Light Pen interface 

Host Interface VMEbus Rev.C ahd IEEE 1014 compatible 
A24:D16, 08 or A 16:016,08 
Interrupter to VMEbus 
41RQs on level 1 to 7 
(software programmable) 

Power Requirements +5V +12V -12V 
3.2A 0.1A 0.2A 

Operating Temperature Oto 50 DegreesC 
Storage Temperature -50 to 85 Degrees C (non-operating) 
Relative Humidity o to 90% (non-condensing) 
Dimensions Double Eurocard 

234x160mm 
9.2 x 6.3 inch 
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Ordering Information 

SYS68K/AGC-2 
Part No. 400023 

SYS68K/AGC-2/UM 
Part No. 800139 

Advanced Graphic Controller Board 
Including Documentation. 

User's Manual for the SYS68KI AGC-2 Board. 
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FORCE Computers General Controller Board 
Introduction 

The family of VMEbus based products offered by 
FORCE Computers includes a family of controller 
cards which cover application needs for system 
control and networking. 

General Feature Overview 

If your application requires multi-level bus arbitra­
tion, additional I/O and sp~cialist multiprocessing 
features, then look no further thah the SYS68K1 
ASCU-1/2 system controller boards. Both boards 
support the full IEEE 1014 standard 4 level bus ar­
bitration options, Centronics printer interface, serial 
I/O interface and a Real Time Clock. Additionally, 
the ASCU-2 also supports an IEEE-488 (GPIB) in­
terface and the facility to trigger HIW interrupts on 
the VMEbus from software. This added feature 
makes the ASCU-2 the ideal choice for mUltipro­
cessing applications. The ASCU-1/2 are the IEEE 
1014 standard system controller modules. 
The SYS68K1ILANC-1 card offered by FORCE 
Computers provides the systems integrator with an 
interface to the most commonly used networking 
architecture in the market today. The ILANC-1 card 
is also available with TCP/IP firmware on the board 
and will be fully supported by the UNIX V.3 port on 
the FOCUS system with remote file serving. This 
product is due for availability early In 1988. 
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FAMILY ASCU-1 

Bus Arbiter 4 level Round Robin 
4 level Prioritized 

4 level Prioritized Round Robin 

SYSCLOCK Driver yes 
SYSRESET Switch and Generator yes 
Power Monitor yes 
VMEbus Time Out Generator yes 
VMEbus Arbitration Timeout Generator yes 

Interrupt Generator to VM Ebus -
No. of Channels -
Total No. of Different Interrupts to VMEbus 8 

Serial 1/0 Interface (RS232/RS422) 1 
Parallel 1/0 Interface Centronics 
Real Time Clock with Battery Backup yes 
IEEE 488 (GPIB/HPIB) Interface -
Timer 1 x24 bit 

Detailed Description 347 
on Page: 

ASCU-2 

4 level Round Robin 
4 level Prioritized 

4 level Prioritized Round Robin 

yes 
yes 
yes 
yes 
yes 

yes 
8 
16 

1 
Centronics 

yes 
yes 

2x24bit 
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Used CPU 

Used Controller Chips 

EPROM Capacity 

On Board RAM 
RAM Capacity 
Bitrate 

VMEbus Interface 

Ethernet Compatibility 

Detailed Description 
on Page: 

ILANC-1 

68010 

AM 7990 LANCE 
AM 7992SIA 

64 Kbyte 

Dual Access DRAM 
512 Kbyte 
10 Mbitls 

A24:D16 

Ethernet 1.0, 2.0 
IEEE 802.3 
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SYS68KI ASCU-1/2 

System 68000 VME 
SYS68Kf ASCU-1ft 
Advanced System Control Unit 

• 4 level bus arbiter with prioritized, round 
robin and prioritized round robin 
operating mode. 

• High speed serial 1/0 channel, Centronics 
parallel interface for printer, Real Time 
Clock with on-board battery back up. 

• 8 software programmable interrupts for 
multiprocessor intercommunications. 

347 



SYS68K/ASCU-1/2 

348 



General Description SYS68K/ASCU-1 
The SYS68KI ASCU -1 board is a high performance 
system controller which handles all exception sIg­
nals on the VMEbus and contains powerful 1/0 de­
vices such as a serial interface (RS232 and RS422 

BLOCK DIAGRAM OF THE SYS68K1ASCU-1 

SYS68KI ASCU-1I2 

compatible), a centronics parallel interface, a real 
time clock with battery backup, and a 4 level bus 
arbiter. 
The block diagram shows the different building 
blocks in detail. 

INTER· 
RUPT 
CON­
TROL 
LOGIC 
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SYS68K/ASCU-1 Features 
• 4 level Bus ARBITER with prioritized, round ro­

bin, and prioritized round robin operating mode 
• LEOs show the current bus master level (0-3) 
• High speed serial I/O channel with built-in 

68561 Multi-Protocol Communications Con­
troller, RS232 and RS422 driver/receiver circuit­
ries 

• Centronics Parallel Interface for printer connec­
tion 

• 58167 A Real Time Clock with on-board battery 
back-up 

• POWER MONITOR provides automatic power 
up/power-down and ACFAIUSYSRESET hand­
ling through power fail detection. A Reset func­
tion switch generates a SYSRESET to the VME­
bus 

• SYSTEM CLOCK DRIVER (16M Hz) 
• BUS TIMER with software selectable timeouts 

for Bus Error generation 
• Timer Interrupt can be used for time measure­

ments or as a watch dog 
• Software selectable option for generating an in­

terrupt on ACFAIL detection 
• TEST function switch generates an interrupt to 

the VMEbus on a software programmable level 
• Every I/O device interrupt can be programmed 

to one of the 7 IRQ levels on the Priority Inter­
rupt Bus 

• Jumper selectable access address and address 
modifier codes 

• DTB slave bus interface 

Functional Description 
All of the I/O and control devices are accessible 
and programmable via the VMEbus interface. The 
ASCU is compatible to the VMEbus spec as well as 
to the IEEE 1014 standard. 
The various functional areas of the board are de­
scribed briefly in the following paragraphs. 

1. The Serial 110 Interface 
A MUlti-Protocol Communications Controller 
(M PCC 68561) with an 8/16 bit data path is used on 
the ASCU-1 to provide maximum flexibility for se­
rial communications. 
Protocols: - IBM synchronous (ASCII or EBCDIC) 

- Character oriented protocols (BSC, 
DDCMP, X3.28, X.21, ECMA 16 etc.) 

- Synchronous bit oriented protocols 
(SDLC, HDLC, ADCCP, X.25) 

- Standard asynchronous protocol 

A software programmable baud rate generator 
(from 110 to 38400 baud) and the local loop-back 
provide maximum flexibility. The pin assignments 
to the 25 pin D-sub connector on the front panel of 
the two interfaces (one RS232 and one RS422 
compatible interface) are jumper selectable. 

The MPCC can initiate an interrupt to the VMEbus 
on a software programmable level; 3 different inter­
rupt vectors are programmable. 

2. The Centronics Interface 
A Parallel Interface and Timer Module (68230 PI/T) 
is used on the SYS68K/ASCU-1 to provide a cen­
tronics parallel interface. All of the interface signals 
are fully buffered in both directions, and are con­
nected to the user I/O pins of connector P2. The fol­
lowing signals of the Centronics Interface are 
supported: 

01-08 
DATA STROBE 
ACKNOWLEDGE 
BUSY 
PAPER END 
SELECT 
ERROR 

Interrupts on a software programmable level and 
vector can be generated through the on-board Bus 
Interrupter Modules (68153 BIM). 

3. The Real Time Clock 
The Real Time Clock (58167 A RTC) allows various 
applications such as time scheduling, time mea­
surement, counting and simple calendar functions. 
The RTC may act as an actual time base indepen­
dent from the main power through the on-board 
lithium battery. 
The RTC provides the following features: 

MONTH 
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DAY OF MONTH 
DAY OF WEEK 
HOURS 
MINUTES 
SECONDS 
1/1000 SECONDS 

The RTC is able to generate an interrupt to the 
VMEbus on a software programmable interrupt 
level. The interrupt vector is also software pro­
grammable. 



4. Local Control and the Bus Timer 
The PlfT is used on the SYS68K1 ASCU-1 to provide 
the centronics parallel interface and its additional 
I/O lines are used to control the bus error time-out 
values. 
The ASCU-1 contains 8 different software pro­
grammable Bus Time values for a wide range of 
applications. 
One of the 8 possible time-outs can be selected to 
generate a BERR signal on the VMEbus (1, 2, 4, 8, 
16,32,64 or 8000us). To avoid the problem that the 
lACK daisy chain may take between 1 and 10us 
more time than a normal cycle, a separate BERR 
time-out mechanism is included for lACK cycles on 
the VMEbus. Time-out is selectable (30 or 120us), 
independent from the normal Bus Time Value. 

5. The TEST Switch 
The ASCU-1 board contains a TEST switch which 
generates an interrupt to the VMEbus on a software 
programmable level and vector. 
The P2 connector is used in parallel to connect an 
external switch for the interrupt generation. 

6. The ACFAIL Handling 
If an ACFAIL is detected on the VMEbus ACFAIL 
line or on an additional input on connector P2, a 
SYSRESET is generated after a defined time 
(please refer to paragraph 7). The signal can be 
jumpered to be active on positive or negative state. 
An interrupt on a software programmable level can 
be generated via one bus interrupter mpdule. The 
interrupt vector is programmable. 

7. The RESET Handling 
The SYS68K1 ASCU-1 handles the power-up/power­
down mechanism on the VMEbus. 
The ASCU-1 contains a Power Monitor Module as 
well as a counter for the ACFAIL time to generate a 
SYSRESET Qumper selectable from 1 to 16ms). 
A RESET of the whole system may be programmed 
through the PlfT. Additionally, a switch qn the front 
panel can generate a SYSRESET. Provision is 
made on the P2 connector to use an additional RE­
SET switch (all the logic for the switch is included). 

8. The 4 Level Bus Arbiter 
A special bus arbiter is built on the ASCU-1 card to 
provide maximum flexibility for multi-processor 
environments. 
Three modes are jumper selectable for the arbiter 
a) prioritized scheme 
b) round robin scheme 
c) prioritized round robin scheme 
Mode c) offers bus mastership to a master on level 
3 every 2nd arbitration cycle. Therefore, level 3 has 
priority but levels 0, 1 and 2 are built in a round robin 
mode. 
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In all modes the bus clear Signal (BCLR) can be 
generated if a higher prioritized request is pending. 
Additionally, a local arbitration RESET is provided if 
a potential bus master has requested the bus but 
has not responded to the arbiter with a BBSY 
within a time frame. This avoids system crashes 
through incorrect arbitration cycles because the 
arbiter starts arbitration again. 
The current OTB master level and the activities on 
the Bus Clear line are shown on 5 LEDs on the front 
panel. 

9. The Access Selection 
The SYS68K1ASCU-1 can be accessed under a 
jumper selectable access address and address 
modifier code. 
The following modes are automatically assigned 
through an enabled AM-code: 
A24: D8/016 
A16: D8/016 
The following AM-codes are jumper selectable (in­
dependent from each other) 

No AM-Code Oecode HEX Code 

1 ) Standard Supervisory A24 30 
OataAccess 

2) Standard Non-privileged A24 39 
OataAccess 

3) Short Supervisory A16 20 
I/O Access 

4) Short Non-privileged A16 29 
I/O Access 

5) Ignore all AM Codes A24 -
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General Description SYS68KI ASCU-2 
The SYS68K/ASCU-2 board incorporates the fea­
tures of the ASCU-1 board plus additional powerful 
functions such as GPIB interface and interrupt 
capabilities for multiprocessor environments. 
The block diagram shows the different building 
blocks. 

BLOCK DIAGRAM OF THE SYS68KI ASCU-2 
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SYS68K/ASCU-2 Features 
• All the features contained in the SYS68KI 

ASCU-1 description 
• General Purpose Interface Bus (IEEE488-1978) 

Talker, Listener, and Controller functions 
• 8 different interrupts to the VMEbus (level and 

vector programmable) 
• 4 user interrupts (buffered inputs through P2 

connector) 

INTER· 
RUPT 
CON­
TROL 
LOGIC 



Functional Description 
The additional I/O and control functions are des­
cribed briefly in the following paragraphs: 

1. The GPIB Interface 
The board contains an IEEE488-1978 interface 
with a 24 pin "microribbon" connector available on 
the front panel. The advanced controller (NEC 
7210) offers full software handling of the different 
modes. 
Each of the Talker, Listener, and Controller func­
tions are software programmable. The Talker and 
the Listener address is jumper selectable and read­
able via Port B of the additional Parallel Interface 
and Timer Module (PIT 68230). 

2. The Interrupt Generator 
The ASCU-2 contains four Bus Interrupter Modules 
(BIM 68153) for a complete set of 16 different inter­
rupts. 
Two BIM devices are added on the ASCU-2 to pro­
vide, in conjunction with Port A of the additional 
PlfT, 8 software programmable interrupts to the 
VMEbus. This feature allows easy multiprocessor 
communication because the level and the vector of 
each IRQ is separately software programmable. 
Each interrupt is automatically released if a register 
access was provided (RORA option). 
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3. The User Interrupts 
Five different interrupt sources can be connected 
to the P2 connector to provide external exception 
setting. This feature allows external devices or 
other systems to issue interrupts to a VMEbus 
system. 
The input signals are fully buffered with Schmitt 
Trigger devices 74LS14. 
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Specification 

Description 

IEEE488 (GPIB) Interface 
Serial 1/0 Interface RS422 

RS232 
Centronics Paraliellnterface 
Real Time Clock with Battery backup 
SW-Programmable Bus Timer (2 to 12000us) 
ACFAIL Handling 
SYSFAIL Handling 
TEST/RESET Switches 
lACK Daisy Chain Driver 
Interrupts to Priority Interrupt Bus 
SW-Programmable Interrupts 
User Interrupts on P2 
RORNROAK Interrupt Release 
4 Level Bus Arbiter 
AddressSelection A24:D16/A16:D16 
power Requirements +5V(max) 

+12V(max) 
-12V(max) 

Operating Temperature o to 60 degrees C 
Storage Temperature -55 to +85 degrees C 
Fjelatil(e Humidity 0-95% (non-condensing) 
Dimensions Double Eurocard 
233x160mm (9.2x6.3") 

Ordering Information 

SYS68K1 ASCU-1 
Part No. 700006 

System Control Unit including HUM 

ASCU-1 ASCU-2 

- x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
x x 
7 16 
- 8 
1 5 
x x 
x x 
x x 
3.0A 3.6A 

200mA 200mA 
200mA 200mA 

x x 
x x 
x x 
x x 

SYS68K1 ASCU-2 
Part No. 700007 

System Control Unit with IEEE 488 Interface and Interrupt Generator 
for 8 independent interrupts. HUM included. 

SYS68K1ASCU-1/2 HUM 
Part No. 800047 

Hardware User's Manual for ASCU-1 and ASCU-2. 
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System 68000 VME 
SYS68K/ILANC·' 
Intelligent Ethernet Controller 

• 68010 CPU (10 MHz) 
• 511 Kbyte of Dual Access DRAM 
• Local Area Network Controller 

for Ethernet (LANCE) 
• Ethernet Compatibility, Conforming 

to IEEE 801.3 
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1.0 General Description 

The SYS68K/ILANC-1 is a high performance com­
munications processor which provides a physical 
electrical interface to 10 Mbit CSMAlCD network 
conforming to IEEE 802.3 or Ethernet and a VME-

BLOCK DIAGRAM OF THE SYS68K1ILANC-1 
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bus based computer system. The SYS68K/ILANC-1 
is a complete single card microprocessor subsys­
tem with a VLSI network interface, PROM and 
DRAM for protocol processing code and a data 
buffering and a VMEbus interface. 



SYS68K/ILANC-1 

2.0 Features: 

• 10 MHz MC6801 0 Microprocessor Unit 
• 512 Kbyte dual access DRAM with parity and no 

wait states to MPU 
• Up to 64 Kbyte EPROM (2 sockets) 
• VMEbus (IEEE 1014) A24:D16 master, slave and 

interrupter interface for host to ILANC-1 
communications 
• Memory mapped RWD requestor access to 

VM Ebus allows M PU to move data to orfrom 
host 

• VMEbus mapped slave access to ILANC-1 
DRAM allows host to move data or access 
software control structures 

• VMEbus interrupter with programmable 
vector 

• Host signalling interrupt to MPU via a host 
access to ILANC-1 

• Node address PROM contains a world wide 
unique Ethernet address issued by the Xerox 
Corporation 

• A 2 ms timer interrupts the MPU for protocol soft­
ware timing 

• Local Area Network Controller for Ethemet 
(LANCE) 
• Descriptor ring buffer management 
• DMA to shared local DRAM 
• Line access protocol (CSMNCD) 
• Extensive diagnostics and error reporting 

toMPU 
• Serial Interface adaptor 

• Manchester encoding/decoding 
• Transceiver cable interface 

• Ethernet compatibility, conforming to Ethemet 
1.0, 2.0 or IEEE 802.3 

3.0 The Hardware Functions 

The local CPU reacts to commands and parame­
ters within the 512 Kbyte of dual access DRAM, 
it moves the data, processes network protocols 
and performs DMA transfers across the bus. 
The SYS68K1ILANC-1 appears as memory to the 
host operating system, where communication is 
handled by a standard I/O driver. Compatibility is 
enhanced by strict conformance to Ethemet 1.0, 
2.0 or IEEE 802.3. 
Ethemet interfacing is accomplished by cable in­
terconnections between the ILANC-1 transceiver 
connector and the associated Ethemet transceiver 
equipment. 

3.1 The Local 68010 CPU 

The on-board processor is a 10 MHz 68010 CPU. 
The CPU is responsible for the command and data 
transfer to and from the on-board memory, re­
sponse to and generation of bus interrupts, execu­
tion of the network communications protocol upper 

layers, timer functions and running self-diagnos­
tics on power up or initialization. In order to do this, 
the CPU has access to two 28 pin EPROMs with 
capacity for a maximum of 64 Kbyte of firmware. 

3.2 The Dual Access DRAM 
The SYS68K1ILANC-1, in its standard configura­
tion, includes 512 Kbyte of dual access DRAM with 
parity causing no wait state when accessed from 
on-board CPU. The DRAM is accessible from the 
CPU, the LANCE and from the VMEbus. The VME­
bus access has the highest priority, followed by the 
LANCE and the on-board CPU with the lowest prio­
rity. Because of the speed of the Ethernet data rate 
(10 Mbitlsec) the memory buffers accessed by the 
LANCE have to reside on the ILANC-1 DRAM area. 
The LANCE performs eight word data bursts when 
writing received Ethernet data to memory or read­
ing data from memory to send on to Ethernet. 

3.3 The Local Area Network Controller for 
Ethernet 

The Local Area Network Controller for Ethernet 
(LANCE) chip set consists of a DMA-oriented link 
layer controller (Am 7990) and a Serial Interface 
Adapter (SIA), the Am 7992. The SIA provides pro­
per IEEE 802.3 or Ethernet 1.0 transceiver interface 
levels and signalling and the TTL signals to the 
LANCE. It perforrns Manchester encoding/decod­
ing necessary for interfacing LANCE to Ethernet. 
The LANCE features the Ethernet 10 Mbitlsec data 
rate, a DMA Controller with 24 bit addressing, a 
sophisticated buffer management structure, the 
CSMNCD (Carrier Sense Multiple Access/Colli­
sion Detect) network access algorithm and exten­
sive error reporting. The LANCE implements the full 
CSMNCD network access algorithm. Upon detec­
tion of a collision, it sends a jam signal, followed by 
a back off algorithm, before attempting to transmit 
again. 

3.4 The VMEbus Interface 

A fully VMEbus Rev. C/IEEE 1014 compatible inter­
face is installed on the SYS68K1ILANC-1 to allow 
an access to the dual access DRAM. 
The 16 bit data width (D16, D8) of the DRAM and 
the decoding of the standard address range (A24) 
allows easy installation in all VMEbus environments. 
During power up and after RESET has been execut­
ed the SYS68K1ILANC-1 first executes a selftest 
and initializes all on-board devices. 
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Special registers on the SYS68K1ILANC-1 enable a 
host CPU to send interrupts to the ILANC-1. 



4.0 The Handlin~ Firmware 

The SYS68K/ILANC-1 intelligent Ethernet Control­
ler board operates under the control of the local 
handling firmware. 
The firmware allows down-loading directly overthe 
VMEbus from the host, and gathers running statis­
tics on all conditions reported by LANCE. In addi­
tion, the firmware manages the LANCE status reg­
isters and and descriptor rings, performs timer 
functions and manages interrupts, allowing proto­
col software to be written in a high level language 
such as C or PASCAL. 

Specifications of the SYS68K/ILANC-1 

68010 CPU with 10 MHz clock frequency 

SYS68K/ILANC-1 

Local CPU 
Ethernet Interface 
EPROM Interface 
Dual Access DRAM 

Arn 7990 LANCE and AM 7992 Serial Interface Adaptor 
64 Kbyte maximum capacity 

VMEbus Interface 

Handling Firmware 
Power Requirements 

Operating Temperature 
Storage Temperature 
Relative Humidity 
Dimensions 

Ordering Information 

SYS68K/ILANC-1 
Part NO. 300100 

SYS68K/ILANC-1 fUM 
Part No. 800149 

512 Kbyte capacity using DRAMs, no wait state operation 
from local CPU 
Fully Rev. CflEEE 1 014 compatible slave 
interface A:24D16 mode 
In EPROM with support for LANCE and SIA 
+ 5V: 4.4A typ 
+12V: 0.6A typ 
5 to 50 Degrees C 
-40 to 85 Degrees C 
5 to 95% (non condensing) 
233x160mm 
9.3x 6.3in 

Intelligent Ethernet Controller, including 
firmware and documentation 

User's Manual forthe ILANC-1 
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FORCE Computers Serial and Parallel 110 
Board Introduction 

FORCE Computers offers a full selection of general 
purpose 1/0 boards that satisfies most general pur­
pose application needs for both serial and parallel 
I/O. The family includes not only dumb serial 1/0 
boards but also considerable intelligence and the 
obvious performance advantages offered by the 
ISIO family. 

General Feature Overview 

For general purpose parallel 1/0, look no further 
than the SYS68KJPI0-1. This board offers four 8 bit 
interface channels provided by the four 68230 par­
allel interface and timer chips installed on the board. 
The board offers four 8 bit parallel output ports and 
four opto-coupled 8 bit parallel input ports. Both 
the input and the output ports offer two handshake 
signals each. The P10-1 is the general purpose par­
aile I I/O solution. 
If your application also requires a DMA controller 
on your parallel 1/0 board or the facility of being 
totally opto-isolated from the interface, then the 
SYS68KJOPI0-1 board may be the board for you. 
This board also offers four 8 bit parallel interfaces 
via four 68230 parallel interface and timer chips. 
The board additionally olters full opto isolation 
(1 OOOV) on both the input and the output channels. 
As an added feature, a 4 channel DMA controller is 
installed on the board to allow high speed data 
transfers tolfrom VMEbus memory and the 68230 
PllTchips. 
For general purpose serial 110 applications, the 
SYS68KJSI0-2 board offers 6 channels, configur­
able for either RS232 or RS422 communication. 
Available baud rates are from 110-38.4K and all 
synchronous and asynchronous protocols are 
supported. If serial optical links are required, then 
the SYS68KJSI0-2A board provides two interfaces 
to optical fibre serial links as an extra feature for 
two of the serial channels. These interfaces provide 
high security, high reliability and data integrity over 
a serial interface. 
For intelligent serial I/O interfaces, the SYS68KJ 
1810-1 and the SYS68KJISI0-2 boards provide no 
wait state performance. This family of boards pro­
vides high performance serial 1/0 specifications 
using the 68010 (10 MHz) to provide the on board 
intelligence. The processor in both designs runs 
constantly without inserting wait states from the on 
board RAM. The IS10-1 and the IS10-2 have 128 
Kbyte of on board memory while the ISI0-1A and 
the ISI0-2A have 512 Kbyte of on board memory. 
The IS10-2 family may be configured to communi­
cate using the RS232 or the RS422 communication 
standards while the IS10-1 family only supports the 
RS232 standard. The IS10-1/2 family are the intelli­
gent serial communication solution. 
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FAMILY PIO-1 OPIO-1 

No. of Output Signals 32 32 
Interface Type TTL(64mA) Opto Coupled (30 mAl 
Isolation Voltage 5V 1000V 

" 
0 
< 

AI CD 

< .. iii' 
AI :t -Propagation Delay (max.) 10 ns 50ns 

No. of Input Signals 32 32 
-" -Interface Type Opto Coupled Opto Coupled -Isolation Voltage 1000V 1000V 

Propagation Delay (max.) 50ns 50ns 

No. of Parallel Ports Input 4x8bit 4x8bit 

......... 
0 

Output 4x8bit 4x8bit 
No. of Handshake Signals per Port 2 2 

m 
0 

No. of Timers (24 bit + 5 bit Prescaler) 4 4 AI 
Used Parallel Interface Chips 68230 (4 x) 68230 (4 x) 

.. 
a. 

No. of Different IRQs 8 8 M 
No. of Different IRQ Vectors 8 8 
IRQ-Level to the VMEbus 1 (fixed) 1 -7 (SW Programmable) 

DMA Controller - 68450 
Clock Frequency - 8MHz 
Data Transfer Capability - 8,16bit 

Detailed Description 367 373 
on Page: 



FAMILY S10-1 S10-2 S10-2A IS10-1 ISI0-1A IS10-2 ISI0-2A 

No. of Ports 6 6 8 8 8 8 
Synchronous/Asynchronous yes yes yes yes yes yes 
RS232 6 6 8 8 8 8 
RS422 6 6 - - 8 8 
Baud Rate 110-38K 110-38K 110-38K 110-38K 110-38K 110-38K 

Used Controller Chips 68561 (6x) 68561 (6x) 68562 (4x) 68562 (4x) 68562 (4x) 68562 (4x) 

No. of different Interrupt 18 4 4 4 4 
Vectors to VM E 

'" Processor Type Not - - 68010 68010 68010 68010 
Frequency recom- - - 10MHz 10MHz 10MHz 10MHz " .. 
RAM Type 

mended - - SRAM SRAM SRAM SRAM 
RAM Capacity for new - - 128 Kbyte 512 Kbyte 128 Kbyte 512 Kbyte 
No. of Wait States designs. - - 0 0 0 0 
Dual Ported RAM Capacity - - 128 Kbyte 512 Kbyte 128 Kbyte 512 Kbyte 

EPROM Capacity - - 128 Kbyte 128 Kbyte 128 Kbyte 128 Kbyte 

--III --....... 
0 

Intelligent Spooler no no yes yes yes yes 
Capability (64 Kbyte) (64 Kbyte) (256 Kbyte) (256 Kbyte) 

III 
0 

Optical Links - yes (2) - - - -
Detailed Description 379 379 385 385 395 395 
on Page: 

III 0 
< .. (I) 
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System 68000 VME 
SYS68K/PIO·' 
Multi Channel Parallel 1/0 Board 

• "independent input ports (8 bit each) 
• "independent output ports 

(8 bit each, 64mA max. drive current) 
• TTL compatible ports 
• I handshake signals per port 
• "independent timers 
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General Description 
The SYS68K1PI0-1 is a high performance interface 
board based on the VMEbus. Four interface units 
provide four input and four output channels, each 
8 bit wide. 
Each input signal is opto coupled, providing cur­
rent sensing. Each output signal is driven by TTL 
buffers. 

FEATURES OF THE SYS68K1PIO-1 
• 4 TTL buffered 8 bit parallel output ports with 2 

handshake signals per port. 
• 4 opto-coupled 8 bit parallel input ports with 2 

handshake signals per port. 
• 4 timers (24bit). 
• Interrupt capabilities: 

4 timer interrupts 
4 I/O handshake interrupts 
Each interrupt has a software programmable 
vector. 

BLOCK DIAGRAM OF THE SYS68K1PIO-1 

Board 
Control 

LogIC 

SYS68K/PIO-1 

To allow fully asynchronous operation of the 
SYS68K1PI0-1, each parallel interface and timer 
module (PIfT) can force handshake or timer inter­
rupts to the VMEbus. The interrupt vectors are soft­
ware programmable, the level is jumper selectable. 

• Jumper selectable Access Address and 
Address Modifier Code. 

• Fully VMEbus compatible. 
• RUN/LOCAL function switch. 
• RUN/LOCAL indicators. 

Parallel 
Interface 

with 
Handshake 

Interrupt 
Control 

Logic 
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Global Operation 
The SYS68K!PI0-1 is a parallel I/O board designed 
to communicate fully asynchrounus from the VME­
bus to the outside world. 
Four 8 bit input and four 8 bit output ports are pro­
vided on the board. 

1. The Parallel Ports 
The parallel I/O is designed with Parallel Interface 
and Timer modules (PlfT 68230). The clock fre­
quency is 8 MHz. 
Each PlfT includes the following features: 
• All registers are ReadlWrite and directly ad­

dressable 
• Special port interrupt service request 
• 4 different interrupt vectors for the port inter-

rupts 
• 8 bit output port 
• 8 bit input port 
• Selectable handshaking modes 
All input and handshake input signals are routed to 
high speed opto coupler (HCPL2630) to provide 
current sensing. The typical propagation delay 
of each opto coupler is 50ns. 
Each I/O channel with the 2 ports contains a separ­
ate power supply input where the opto coupler 
supply voltage can be connected. 
In addition, the standard power fo the VMEbus 
(+5V) can be used to drive the opto coupler. 
Each I/O signal is available through two 64 pin I/O 
connectors or through the 64 pin DIN connector 
(P2). 
The SYS68K!PI0-1 can operate in a 16 bit parallel 
mode because two PlfT devices are on the lower 
data bus (00-07) and two devices are connected to 
the upper data bus (D8-015). This allows a parallel 
transfer of 16 bit data with a common handshake. 

2. The Timer Operation 
Each PlfT device contains a 24 bit timer capable of 
generating an interrupt. Therefore 4 different timer 
interrupts can be generated from the SYS68K! 
PI0-1. 

3. The Interrupt Structure 
The four PlfT port service request and timer inter­
rupt request outputs are gated to drive one jumper 
selectable request level on the VMEbus. The port 
service request interrupt has four software pro­
grammable vectors, and the timer interrupt has one 
software programmable vector per PlfT. 20 soft­
ware programmable interrupt vectors are provided 
for by the SYS68K!PI0-1. 

4. The Addressing 
The SYS68K/PI0-1 contains a flexible address 
and address modifier decoding logic. The access 
address and the address modifier code are jumper 
selectable (A24 or A 16 mode). Therefore, both 
standard and the Short I/O addressing modes are 
supported. 
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Front Panel with 6 1/0 Connectors 
The SYS68K1PI0-1FP is a double-wide (12HEI 
8TE) front panel, providing six 25-pin 0 SUB male 
connectors, each with flat cable and connectors to 
the SYS68K/ PI0-1 I/O-channel ports. 
The connectors 1, 2,3 and 4 are each supplied with 
two 14-pin connectors on the other end of the flat 
cable, for the bidirectional channel configuration. 
The connectors 5 and 6 are each mounted with one 
14-pin connector. The assignment of the connec­
tor to the 1/0 channels is user selectable, as well as 
the individual configuration of the bidirectional 110 
ports or separate input and output ports. 
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SYS68K1PIO·1 Specifications 

Interface 
Channel config. 

Channel level 

Devices 

Interrupt 

Bus 

Address Space 
Power Requirements 

Operating Temp. 
Storage Temp. 
Relative Humidity 
Board Dimensions 

Ordering Information 

SYS6SKlPI0-1 
Part No. 310010 

SYS6SK/PI0-1 FP 
Part No. 310012 

SYS6SKlPI0-1 IU M 
Part No. S0002S 

4 TIL level parallel 1/0 channels 
Input: Slines data 

2 lines handshake 
Output: Slines data (64 mA sink) 

2 lines handshake 
direction control 
TIL compatible voltage 
Receiver sinks SmA for logic 0 
4 Parallel I nterfaceiTi mer (6S230) 
24 Optocouplers (HCPL2630) 
Jumper selectable interrupt request level 
20 different interrupt vectors possible 
VMEbus compatible (A24:D161 A 16: D16) 
Jumper selectable board base address 
Address Modifier decoding 
512 byte 
+5V12.0A (typ) 
+5V12.5A (max) 
o to +50 degrees C 
-50 to +90 degrees C 
0-95 % (non-condensing) 
Double Eurocard 
234 x 160 mm (9.2 x 6.3") 

Parallel 1/0 Board including User's Manual. 

Front Panel for the Parallel 1/0 Signals 

User's Manual forthe SYS6SKlPI0-1 Board. 
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System 68000 VME 
SYS68K/OPIO·' 
Multi Channel Opto Isolated 
Parallel 1/0 Board 

• ,. opto isolated (1000V) input ports 
(8 bit each) 

• ,. opto isolated (1000V) output ports 
(8 bit each) 

• ,. channel DMA on board 
• Interrupt capability for each port 
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General Description 
The SYS68K10PI0-1 is a high petformance inter­
face board based on the VMEbus. Four interface 
units provide four input and four output channels, 
each 8 bit wide. 
Each input and output signal is opto coupled to 
provide maximum flexibiiity. For high speed data 
transfers, a four channel DMA controller is pro­
vided on the board. 
To allow fully asynchronous operation of the 
SYS68K10PI0-1, each parallel interface and timer 
module (PIfT) can force handshake or timer inter­
rupts to the VMEbus. The interrupt vector and the 
level are both software programmable. 

FEATURES OF niE SYS68K/OPIO-1 
• 4 opto isolated 8 bit parallel output ports with 

2 handshake signals per port (opto isolated). 
• 4 opto isolated 8 bit parallel input ports with 

2 handshake signals per port (opto isolated). 

BLOCK DIAGRAM OF THE SYS68K10PIO-1 

SYS68K/OPIO-1 

• 4 different opto-isolated areas for the parallel 
ports (1000V). 

• Direct Memory Access Controller for high 
speed DMA transfers. Directly coupled to the 
I/O ports. 

• Full VME Slave bus arbitration for the DMAC. 
• 4 Timers (24 bit). 
• Interrupt capabilities: 

4 timer interrupts 
4 I/O handshake interrupts 
1 DMA controller interrupt 
Each interrupt has a software programmable 
vector and level (1-7). 

• Control Register, performs flexible Bus Release 
functions (RWD, ROR, RAT). 

• Jumper selectable Access Address and 
Address Modifier Code. 

• Fully VMEbus compatible. 
• RUN/LOCAL function switch. 
• RUN/LOCAL and DMA Busy indicators. 

Parallel 
Interface 

with 
Handshake 

Interrupt 
Control 

logic 
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Global Operation 
The SYS68K10PI0-1 is a high-speed parallel 1/0 
board designed to communicate fully asynchron­
ous from the VMEbus to the outside world. 
Four 8bit input and four 8bit output ports are pro­
vided on the board. 

1. The Parallel Ports 
The parallel I/O is designed with Parallel Interface 
and Timer modules (PIIT 68230). The clock fre­
quency is 8 MHz. 
Each PI/T includes the following features: 
• All registers are ReadlWrite and directly ad­

dressable 
• Special port interrupt service request 
• 4 different interrupt vectors for the port inter-

rupts 
• 8 bit output port 
• 8 bit input port 
• Selectable handshaking modes 
All I/O and handshake signals are routed to high 
speed opto coupler (HCPL 2630) to provide maxi­
mum flexibility of the voltage ranges. The typical 
propagation delay of each opto coupler is 50 ns. 
Each I/O channel with the 2 ports contains a separ­
ate power supply input where the opto coupler 
supply voltage can be connected. 
In addition, the standby power of the VMEbus (+5V) 
can be used to drive the opto coupler. 
Each 1/0 signal IS available through two 64 pin 1/0 
connectors or through the 64 pin DIN connector 
(P2). 
The SYS68K10PI0-1 can operate in a 16bit parallel 
mode because two PI/T devices are on the lower 
data bus (00-07) and two devices are connected to 
the upper data bus (08-015). This allows a parallel 
transfer of 16bit data with a common handshake. 

2. The DMA Controller 
The 4 channel OMA Controller (68450) has a clock 
frequency of 8 MHz. The maximum data transfer 
rate is 4 Mbyte/second. 
Each PI/T device is connected to a request input of 
the OMA Controller. Therefore, a maximum offlexi­
bility for the parallel 1/0 is provided through the 
internal OMA Controller structure. 
Features of the OMAC: 
• 4 independent OMA channels 
• Array-Chained and Linked-Array-Chained 

Operations 
• 72 Registers for complete software control 
• Interface Lines that provide for Requesting and 

Acknowledging 
• Programmable channel prioritization 
• 2 vectored interrupts for each channel 
• Auto-Request and External-Request Transfer 

Mode 
• Up to 2 Mbyte/second transfer rate 

For easy installation of the SYS68K10PI0-1 into a 
system, the board contains different bus release 
functions: 

Release When Done (RWO) 
Release on Request (ROR) 
Release after Ti me-out (RA 1) 

The RAT function and the ROR function are soft­
ware programmable through the on-board Con­
trol-Register. 
The RAT function contains eight different time-out 
values (6 /Ls to 800 /Ls) wich are software program­
mable. 
The OMA Controller can operate on the VMEbus in 
the following transfer modes: 
- OPIO to Memory 
- Memory to OPIO 
- Memory to Memory 
For the OTB mastership, the board contains a full 
slave bus arbitration with a strap selectable level 
(0-3). 

3. The Timer Operation 
Each PI/T device contains a 24 bit timer capable of 
generating an interrupt. Therefore 4 different timer 
interrupts can be generated from the SYS68K1 
OPI0-1. 

4. The Interrupt Structure 
The PI/T devices and the OMA Controller can 
generate interrupts. These interrupt request sig­
nals are used as an inputforthetwo Bus Interrupter 
Modules (BIM 68153). The BIM contains different 
registers. These registers are ReadlWriteable and 
describe which interrupt request levels are assign­
ed to the IRQ inputs. 
This structure allows for each PI/T port service 
request and timer interrupt request, a variable 
interrupt level definition, and vector generation. 

5. The Addressing 
The SYS68K10PI0-1 contains a flexible address 
and address modifier decoding logic. The access 
address and the address modifier code are jumper 
selectable (A24 or A 16 mode). Therefore, both 
standard and the Short 1/0 addressing modes are 
supported. 
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For OMA transfers on the VMEbus, the board con­
tains a register set which contains all possible 
address modifier combinations (A24 and A 16). 
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Front Panel with 6 1/0 Connectors 
The SYS6BKlPI0-1FP is a double-wide (12HEI 
BTE) front panel , providing six 25-pin D SUB male 
connectors, each with flat cable and connectors to 
the SYS6BK/ PI0-1 I/O-channel ports. 
The connectors 1,2, 3 and 4 are each supplied with 
two 14-pin connectors on the other end of the flat 
cable, for the bidirectional channel configuration. 
The connectors 5 and 6 are each mounted with one 
14-pin connector. The assignment of the connec­
tor to the 110 channels is user selectable, as well as 
the individual configuration of the bidirectional 110 
ports or separate input and output ports . 
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SYS68K/OPIO-1 Specifications 

Interface 
Channel isolation 
Channel config. 

Channel level 

Devices 

Interrupt 

DMA 

Bus 

Address Space 
Power Requirements 

Operating Temp. 
StorageTemp. 
Relative Humidity 
Board Dimensions 

Ordering Information 

SYS68K10PI0-1 
Part No. 310011 

SYS68K1PI0-1 FP 
Part No. 310012 

SYS68KiOPI0-1/UM 
Part No. 800029 

4 opto-isolated TTL level parallel I/O channels. 
1 000 Volts. 
Input: 8 lines data 

21ines handshake 
Output: 81ines data 

2 lines handshake 
direction control 
intemal or external GN D and VCC (+5V) 
TTL co mpati ble voltage 
Receiver sinks 8mA for logic O. 
4 ParaliellnterfacelTimer (68230) 
1 Direct Memory Access Controller (68450) 
2 Bus Interrupter Module (68153) 
48 Optocouplers (HCPL2630) 
Software programmable interrupt request 
level for 8 interrupts individually. 
28 different interrupt vectors possible 
Dual cycle transfers as bus master. 
Each I/O channel can request the D MAC 
VMEbus compatible (A24:D16/A 16:D16) 
Jumper selectable board base address 
Address Modifierdecoding 
512byte 
+5V/2.5A (typ) 
+5V/3A(max) 
o to +50 degrees C 
- 50 to +90 degrees C 
0-95% (non-condensing) 
Double Eurocard 
234 x 160 mm (9.2 x 6.3 inch) 

Opto-isolated paralelil/O Board including 
User's Manual. 

Front Panel forthe Parallel 110 Signals 

User's Manual forthe SYS68K10PI0-1 Board. 
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System 68000 VME 
SYS68K/SIO·2/2A 
Multi Protocol Serial II 0 Controller 
Board 
• 6 serial 1/0 channels 
• Software programmable baud rate 
• Asynchronouslsynchronous receiver I 

transmitter functions (RS-23I/RS411) 
• I optical links for serial transmission 

on SIO-IA 
• Fuilihalf duplex, auto-echo 
• Local PIIT for interface type selection 
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General Description 

The SYS68K1SI0-2 board contains six serial I/O 
channels based on the Multi-Protocol Communi­
cations Controllers (MPCC) used for each channel, 
with its asynchronous or synchronous protocols 
and the 8 character receiver and transmitter buffer 
register. 
Each MPCC is able to generate an interrupt to the 
VMEbus (levels 1-7) and to drive three different 
interrupt vectors. 
The interface to the communication equipment is 
RS232 or RS422 compatible (free selectable). The 
SYS68K1SI0-2A offers in addition to the listed 
hardware protocols, two optical links channels 
(HFBR-0500). 

BLOCK DIAGRAM OF THE SYS68K/SIO-2A 
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Features of the SYS68K/SIO-2 

• 6 serial I/O channels 
• Fully IEEE 1014, VMEbus Rev. C compatible 
• Multi-Protocol Communications Controller 

(68561) for each channel allows: 
- Asynchronous/synchronous receiver/trans­

mitter functions 
- Full/half duplex, auto-echo and local loop­

back modes 
• Protocols: 

- IBM binary synchronous communications in 
ASCII or EBCDIC format 

- Character Oriented Protocols (COP) BSC, 
DDCMP, X3.28, X.21, ISO IS1745, ECMA 16, 
etc. 

- Synchronous Bit-Oriented Protocols (BOP) 
SDLC, HDLC/ADCCP, X.25 etc. 

- Asynchronous or isochronous mode 



• Modem handshake interface 
• Selectable Parity (enable odd, even) and CRC 

(control field enable, CRC-16, CCITT, V.41, 
VRC/LRC) 

• 22 directly addressable registers for flexible 
option selection, complete status reporting and 
data transfer 

• Eight character receiver and transmitter buffer 
register 

• Three separate programmable and maskable 
interrupt vector numbers for the receiver, trans­
mitter, and serial interface 

• Software programmable baud rate from 110 to 
38400 baud 

• 8 and 16 bit data bus 
• A24 and A 16 decoding 
• Free configurable 110 interface signal assign­

ment through wire wrap areas for each channel. 
5 Drivers (RS232 compatible) 
6 Receivers (RS232 compatible) 
2 Drivers (RS422 compatible) 
2 Receivers (RS422 compatible) 

• All 110 signals are routed to the P2 connector 
• Local PItT for interface type selection and de­

selection of the MPCCs during initialization 
• 2 optical links for Transmit and Receive data 

available on the SYS68KJSI0-2A (up to 50m 
cable length). 

• Free selectable access address and address 
modifier code of the 6 MPCCs and the PItT in 
common 

• RUN/LOCAL mode indicated by LEOs 
Each MPCC is able to use the listed protocols and 
communicates with its 8 or 16 bit data bus to the 
controller module. The internal 8 character receiver/ 
transmitter buffer register (FIFO) reduces the soft­
ware handling in accordance to the three separate 
maskable interrupt vector numbers (transmitter, 
receiver, or handshake interface). 
All the MPCCs on the board work fully asynchron­
ous to the VMEbus and respond to the handling 
CPU on the free jumper selectable access address 
and address modifier code. 
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The RUN/LOCAL switch isolates the board from 
the bus during failures or maintenance. This mode 
is indicated by two LEOs on the front panel. 
Each serial I/O channel contains RS232/RS422 
driver (5/2) and receiver (6/2) circuits. Each of the 
I/O signals is connected to the 26 pin male connec­
tor installed on the board to allow the connection of 
a flat cable. The SYS68KJSI0-1 FP offers the con­
nection of six 25 pin D-Sub connectors on a stan­
dard front panel as shown on the next page. 
In addition to the 26 pin male connectors, all I/O 
signals are available on a wire wrap area where the 
user can select the I/O signals to be connected to 
the P2 connector. 
The I/O signal assignment on the P2 connector is 
compatible to the I/O signal assignment of the 
SYS68KJISI0-1/2 boards. 



SYS68K/SIO-1 FP Description 

The SYS68K1SI0-1 FP is a doublewide front panel 
containing six 25-pin D-sub connectors with flat 
wire cables to be used in conjunction with the 
SYS68K1SI0-2 multi-protocol serial I/O controller 
board. 

. RUN 

, 
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The SYS68K1SI0-1 FP allows easy plug-in of the 
serial I/O ports relieving the user from individual 
wiring problems in systems applications. 
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Specification 

Interface 

Optical Link 

Communications Controller 
Protocols 

Interrupt 

Bus Interface 

Power Requirements 

Operating Temperature 
Storage Temperature 
Relative Humidity 
Board Dimensions 

Ordering Information 

SYS68KJSI0-2 
Part No. 31 0004 

SYS68KJSI0-2A 
Part No. 31 0005 

SYS68KJSI0-1 FP 
Part No. 310001 

SYS68KJSI0-2/UM 
Part No. 800129 

6 independent serial I/O channels RS232 or RS422 
compatible Gumper selectable) 
2 HFBR-0500 data links available on the front panel 
(only on the SYS68KJSI0-2A) 
6 Multi-Protocol Communications Controller (68561 MPCC) 
IBM BSC: ASCII EBCDIC 
COP: BSC, DDCMP X3.28, X.21 
BOP: SDLC HDLC/ADCCP X.25 
Asynchronous and isochronous modes. 
Full/half duplex, auto-echo and local loop-back modes. 
Software programmable baud rate (11 0 - 38400 baud). 
Maximum synchronous data rate: 2 Mbitls 
Free selectable interrupt request level (1 to 7) in common 
for the six I/O channels. 18 different auto-interrupt 
vectors are programmable (3 per channel). 
IEEE 1 014, VMEbus Rev. C compatible. Jumper selectable 
board base address and Address Modifier decoding. 
A24,A16: 016, 08 
+5V12.1A (typ), 2.5A (max) 
+ 12V/1 00 mA (typ), 300 mA (max) 
-12V11 00 mA (typ), 300 mA (max) 
o to +60 degrees CNNL 
-50 to +90 degrees C (non-operating) 
o to 95% (non-condensing) 
Double Eurocard 234 x 160 mm (9.2 x 6.3 in) 

6 Channel Multi-Protocol Serial 110 Board inclusive 
documentation 

Channel Multi-Protocol Serial I/O Controller Board 
with 2 optical links inclusive documentation 

Front Panel with six 25 pin D-sub Connectors 

User's Manual for the SYS68KJSI0-2 Board 
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System 68000 VME 
SYS68K/ISIO-1/1A 
Intelligent Serial 1/0 Board 

• 8 channel, multi-protocol 
serial 1/0 controller board 

• On-board RS232 transceiver 
• 128/512 Kbyte No Wait State 

Dual Ported RAM 
• 68010 for local handling and control 
• 4 fully software programmable 

interrupt channels 
• Powerful handling firmware 
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1. General Description 
The SYS68K/ISI0-1/1A is a high performance in­
telligent serial I/O board providing local intelligence 
with a 68010 CPU and 8 serial I/O channels with 
onboard RS232-compatible driver/receiver cir­
cuits. 
128 Kbyte (ISI0-1) or 512 Kbyte (ISI0-1A) of Dual 
Ported RAM are used to store commands and data. 
Highest throughput is guaranteed by using a 
1 OMHz 68010 CPU running constantly without the 
insertion of wait states out of the 128 Kbyte 
EPROM area or out of the DPR (independent of 
VMEbus accesses). 
Four Dual Universal Serial Communication Con­
trollers DUSCC 68562 are used to interface to as 
many as 8 serial channels. 
The RS232 driver and receiver circuitries are in­
stalled on the IS10-1 /1 A to make adaptation boards 
unnecessary. 

BLOCK DIAGRAM OF THE SYS68K1ISIO-1/1A 
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To enable easy system design, all I/O signals are 
routed to the P2 connector which results in 7 I/O 
signals per channel being supported. 
The ISI0-1/1 A contains a VMEbus IEEE 1 014 com­
patible interface to communicate to the host CPUs 
via its DPR. The access address and the address 
modifier code is jumper selectable. A Bus Interrup­
ter Module - BIM 68153 - is installed on the board 
to support fully asynchronous operation with the 4 
different software programmable interrupt request 
channels. 
The firmware of the IS10-1 /1 A handles all activities 
to/from the serial I/O channels including code con­
version, search and copy functions. 
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Features of the SYS68K/ISI0-1/1A 
• 68010 CPU for local control (10MHz) 
• Dual Ported 512 Kbyte 0 wait state Static RAM 

between the VMEbus and the local CPU on 
ISI0-1A. 

• Dual Ported 128 Kbyte 0 wait state Static RAM 
between the VMEbus and the local CPU on 
ISI0-1. 

• 8 serial I/O channels built with four 68562 
DUSCC chips. HDLC and SDLC protocols 
supported. Independently software program­
mable baud rate for each channel from 50 to 
38400 baud. Data rate in synchronous mode up 
to 4 Mbitls. 

• RS232 driver and receiver circuits on board. 
• All I/O signals available on P2 connector. 
• 4 different Interrupt request signals to the VME­

bus. Each channel contains a software program­
mable IRQ level (1 to 7) and vector. 

• Local parallel interface for controlling and 
monitoring all board functions. 

• Local timer used as watchdog. 
• VMEbus IEEE 1014 compatible interface A24 : 

016,08 
• Watchdog timer controlling correct functions of 

onboard hard- and software. 
• Status and control LEOs for monitoring of local 

activities. 
• High level handling firmware for communica­

tion, selftest and control. 

1. The Hardware Functions 
The local CPU reacts on the commands and initia­
lisation parameters within the DPR. Constant pro­
gram run times are guaranteed through the special 
hardware logic providing Zero Wait State operation 
from the DPR, independent of the accesses from 
the VMEbus to the DPR. 
The ISI0-1/1A consists of self-test functions as 
well as of a hardware watchdog timer which con­
trols the activities of the 68010 CPU running with 
10MHz. 
User supplied programs can be loaded into the 
DPR and executed from the local CPU to adapt and 
extend board functionality. 
A time scheduler and a prioritisation mechanism 
are installed in the firmware to adapt the IS10-1 /1 A 
to a wide variety of applications such as terminal 
controller, print spooler, interacting network con­
troller etc. 
The local CPU controls all 8 serial I/O channels via 
local interrupts and communicates to the host CPU 
via the DPR or via interrupt requests to the VMEbus 
generated by a Bus Interrupter Module. The I/O 
signals to be supported through the DUSCC chips 
are jumper selectable which allows the individual 
adaptation to each application on a channel by 
channel basis. 

1.1 The Local 68010 CPU 
A 10MHz 68010 CPU is installed on the ISI0-1/1A 
to control the data traffic between the serial I/O 
channels and the VMEbus host CPU(s). 
Two EPROMs with a maximum capacity of 128 
Kbyte are installed on the ISI0-1/1A to contain the 
handling firmware. Constant Zero Wait State oper­
ation from the EPROM guarantees maximum CPU 
throughput and a fixed program run time. 
The Dual Ported RAM is also accessible without the 
insertion of wait states by using a CPU clock syn­
chronized arbitration mechanism. The accesses 
from the CPU to the DPR are not delayed if a VME­
bus access is pending or being executed. 
A local timer, included in the PIIT, is used to inter­
rupt the CPU for task scheduling, command inter­
pretation and execution. 
The CPU and all I/O devices can be RESET through 
a SYSTEM reset via the SYSRESET signal of the 
VMEbus or by accessing a dedicated location 
within the DPR reserved for this function. 

1.2 The Serial 110 Interfaces 
The ISI0-1/1A contains 4 Dual Universal Serial 
Communication Controllers - DUSCC 68562. Each 
ofthe DUSCC chips provides the following features: 
• Dual full-duplex synchronous/asynchronous 

receiver and transmitter. 
• Multi-protocol operation consisting of: 

BOP: HDLC/ADCCP, SDLC, SDLC Loop, 
X.25 or X.75 link level 
COP: BISYNC, DDCMP, X.21 
ASYNC: 5-8 bits plus optional parity 
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• Programmable data encoding formats 
NRZ, NRZI, FMO, FM1, Manchester 

• 4 character receiver and transmitter FIFO's 
• Programmable baud rate for each receiver and 

transmitter 
50 to 38400 Baud (asynchronous) 
Special data rate ranging from 0 to 4MHz 
Digital phase locked loop 
User programmable counter/timer 

• Programmable channel modes 
full/half duplex 
auto echo 
local loopback 

• Modem control signals for each channel 
RTS, CTS, DCD 
CTS and DCD programmable auto enables for 
Receiver (RX) and Transmitter (rX) 
Programmable interrupt on change of CTS or 
DCD 



A set of 7 I/O signals is supported on each channel 
providing maximum flexibility for the use of the I/O 
pins as shown in the follOWing figure. 

IS10-1 Channell 

68562 75188 
J57 

DUSCCTXD -t>-
RTSISYNOUT -t>-

1 8 

-t>-GP02/RTS r--O 0---

2 7 
GP01 r--O 0--- -t>- 1---01 

3 6 
RTXC -0 0--

4 5 
TRXC 75189 

B23 2 
J58 

SYS68KIISIO-1/1A 

P2 

Connector 

C A 

DSR 

.. ~ ~-01 

0 4 1 )-0 6 

DCD 

~ 
-02 

2 ft -0 7 

RXD 

RTS 

--r) 
-03 

5 -0 8 

TXD 

CTS 

-04 DTR -0 II 
~ -<1- f..-.-r03 ~ 0 9 GPl1 4 ft NC 

B24 

DCD!5YNI -<1-
CTS -<1-

RXD -<1-

All RS232 compatible driver and receiver circuits 
are installed on the ISI0-1/1A to allow easy instal­
lation and adaptation of the board into VMEbus 
environments. 

Signal Input Output P2-PIN 

DCD x c1 
RXD x c2 
TXD x c3 
DTR x c4 
GND a4 
DSR x x a1 
RTS x a2 
CTS x a3 

- - - -
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L/ GND 

DSUB9 

The I/O signal assignment to the P2 connector is 
organised in 8 groups of 8 signals as shown in the 
following table: 

9PIN 
DSUB Description 

Connector 

1 Data Carrier Detect 
2 Receive Data 
3 Transmit Data 
4 Data Terminal Ready 
5 SignalGND 
6 Data Set Ready 
7 Request to Send 
8 Clear to Send 
9 Not Connected 
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The 64 If 0 pins of the P2 connector can be connect­
ed with a flat cable allowing the splitting into 8 flat 
cables. Each of these cables can be connected 

1.3 The PItT 68230 
A 68230 Parallel Interface and Timer chip is installed 
on the IS10-1 I1A to control and display the status of 
all on-board activities. The PIfT is also used to issue 
and monitor the interrupt request lines to the Bus 
Interrupter Module, which initiates the interrupts to 
the VMEbus (under control of the host CPU). 
One handshake pin is used to interrupt the local 
CPU if the host CPU accesses a defined location 
within the OPR. One output signal is used to activate 
the SYSFAIL signal of the VMEbus if an onboard 
error has been detected or if the board initializes 
the OPR after RESET or power up. 
The timer, also included in the PlfT, is the time base 
for the onboard handling firmware and the scheduler 
for the macro commands. 

390 

to a 9-PIN O-Sub connector as shown in the follow­
ing figure. 

A watchdog timer, for processor control, is installed 
on the board to detect software or hardware errors 
independent from the onboard CPU. For this pur­
pose, one output of the PlfT is used to retrigger the 
watchdog timer within defined time frames. 
If the onboard CPU does not work properly, or if the 
hardware isn't working correctly, the timer will not 
be retriggered, and the SYSFAIL signal of the VME­
bus will be activated. The host CPU then can initiate 
a software controlled RESET for the ISIO, or start 
other maintenance activities. 



1.4 The Dual Ported RAM 
512 Kbyte of Dual Ported Static RAM with 45ns 
access tirne is installed on the ISI0-1A and 128 
Kbyte is installed on the ISI0-1. The Dual Ported 
RAM is used to service all applications requiring 
fast operations and large data areas. 
The local 68010 CPU runs without the insertion of 
wait states'out of the DPR, because a CPU clock 
synchronized 'arbitration logic and a full buffered 
and latched VMEbus interface is installed on the 
ISI0-1/1A. Between two CPU access cycles, a 
VMEbus cycle is serviced and completed. On VME­
bus Read cycles, the data pattern is latched, and 
the internal cycle of the DPR is aborted while the 
VMEbus cycle is decoupled. 
A partition of the DPR is reserved for the local CPU 
for vector storage, the program counter, and tem­
porary buffers. This partition is used from the VME­
bus side for programming the BIM and initiating an 
interrupt, which will be handled from the onboard 
CPU, or driving a local RESET. 
The access address and the address modifier 
code(s) are jumper selectable within the standard 
address'range (A24:D16,D8). The access times of 
the DPR depend on the accesses made by the local 
CPU, as the local 68010 has priority over VMEbus 
accesses .. 

1.5 The VMEbus Interface 
A full VMEbus IEEE 1014 standard compatible in­
terface is installed on the ISI0-1/1A to allow an 
access to the DPR and the Bus Interrupter Module. 
The 16-bit data width (D16,D8) of the DPR and 
the decoding of the standard address range (A24) 
allows easy installation in all VMEbus environ­
ments. 

Memory Layout of the Dual Ported RAM 

Offset to Base Address Description 

SYS68K/ISIO-1I1A 

During power-up and after a RESET has been 
executed from the local CPU, the IS10-1 /1 A drives 
the VMEbus signal SYSFAIL active to signal each 
board in the VMEbus environment that the board is 
not ready or has detected a malfunction. 
A RESET for the local CPU can be initiated by 
accessing a dedicated address within the DPR. All 
local devices as well as the CPU will be reset 
through this access. 
An interrupt to the local CPU can be forced by 
accessing another location within the DPR, signal­
ling the on-board processor that a command has 
been given, or that an exception has to be taken. 
The Dual Ported RAM can be accessed at least 
every 560ns because this is the worst case access 
time and also the longest cycle time. The data 
transfer rate to/from the IS10-1 /1 A is 2 to 4 Mbyte/s 
including the VMEbus protocol. 
best case 330 ns 
average 430 ns 
worst case 560 ns 

1.6 The Bus Interrupter Module 
To allow fully asynchronous operation, the ISI0-1/ 
1A contains a Bus Interrupter Module - BIM 68153 
- providing 4 individually programmable interrupt 
channels. Each channel is able to force an interrupt 
request to the VMEbus. For each channel, the IRQ 
level (1 to 7) as well as t!le interrupt vector is fully 
software programmable. 
The local CPU forces the requests to the BIM and 
the host CPU can program the interrupt vector and 
the level at its direction. This allows dynamic 
change of the interrupt level and vector in multi-
processor environments. ' 

$000000-$0007FF 
$000800 - $OOOFFF 
$001000-$0017FF 
$001800 - $001 FFF 
$002000 - $007FFF 

BIM providing 4 programmable interrupt levels and vectors on VME. 
Status register, read only. 

$008000 - $0080FF 

$008100-$01 FFFF 

Local interrupt, reading this address generates a local interrupt. 
Local reset, reading this address generates a local reset. 
This part of the dual ported RAM is used by the local firmware and 
must not be modified from the VMEbus. 
16 command channels to program the 8 input and 8 output 
channels. 
16 data arrays for the I/O channels. 
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2.0 The Handling Firmware 
The SYS68K1ISI0-1/1A intelligent serial I/O board 
operates under the control of the local handling 
firmware. This EPROM resident firmware package 
executes the commands which are placed in the 
Dual Ported RAM and returns control and error 
messages. All commands are executed under the 
supervision of a local real time kernel which coordi­
nates the 8 input and 8 output tasks. 

Command Set of the ISIO-1/1A 

2.1 Initialisation Commands: 
• Global RAM Configuration 
• Terminal Configuration 
• I/O Chip Configuration 
• Setup of Address Offset 
• Load Translation Table 
• Setup of Handshake Modes 
• Asynchronous Initialisation 
• Software Reset with Selftest 
• Return RAM Configuration 

2.2 Input Commands: 
• Get one byte from input channel with/without 

autoecho 
• Get all available bytes from input channel with/ 

without autoecho 
• Get block with fixed length from input channel 

with/without autoecho 
• Get string with/without autoecho 
• Get counted string with/without autoecho 
• Get edited line 
• Get input channel status 
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Each of the 16 command blocks are used to pass 
commands and parameters to the corresponding 
channel. When the command is executed an inter­
rupt can be generated. The return value containing 
end codes and parameters is placed in the com­
mand block. 

2.3 Output Commands: 
• Output byte or word 
• Output block with fixed length 
• Output string 
• Output counted string 
• Return output channel status 

2.4 Copy Commands: 
• Copy byte from input channel to output chan­

nel(s) 
• Copy block with fixed length from input channel 

to output channel(s) 
• Copy string from input channel to output chan­

nel(s) 
• Copy counted string from input channel to 

output(s) 

2.5 Special Commands: 
• Execute user program in the DPR 



3.0 The Optional Front Panel 
A front panel consisting of eight 9-pin D-sub con­
nectors is optionally available to allow direct con­
nection to the 8 serial 1/0 channels of the 1810-1 I 1A 
board. 
The pin-out for each of the 8 D-sub connectors is 
adjustable on the 1810-111 A board. 
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The following figure shows the 8Y868K11810-1 FP 
and the interconnection to the 1810-1 11 A board in 
detail. 
Each of the 7 1/0 signals is connected to a jumper­
field on the 1810-1 FP board to allow adaptition of 
the 1/0 signals to the various applications. 
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Specification of the SYS68K/ISIO-1I1A 

Local CPU 
EPROM 

Dual Ported RAM 

Serial 1/0 Interfaces 

Serial 1/0 Controller 

VMEbus Interface 

Handling Firmware 
Power Requirements 

Operating Temperature 
Storage Temperature 
Relative Humidity 
Dimensions 

Ordering Information 

SYS68K1ISI0-1 
Part No. 310030 

SYS68K1ISI0-1 A 
Part No. 31 0035 

SYS68K1ISI0-1 FP 
Part No. 310034 

SYS68K1ISI0-1/UM 
Part No. 800109 

68010with 1 OMHz clock frequency 
128 Kbyte maximum capacity 
o Wait State operation 
128/512 Kbyte capacity using static RAMs 
o Wait State operation from local CPU 
330 ns best case VMEbus access time 
430 ns average VM Ebus access time 
560 ns worst case VMEbus access time 
8 channels (RS232 compatible) 
71/0 signals per channel supported 
All 1/0 signals available on P2 connector 
68562 DUSCC providing 
SW-programmable baud rate (50 to 38400 Baud) 
HDLC and SDLC protocols 
DC data rate of up to 4 MBiVsecond 
Automatic hardware handshake programmable 
Full IEEE 1014 standard compatible 
A24:D16,D8 mode 
41RQs with SW programmable level (1 to 7) and vector 
Access address jumper selectable 
8Y8FAIL * supported 
in EPROM with macro commands for all 110 channels installed 
+ 5V:5.4A(max) 
+12V: 0.6A(max) 
-12V: 0.6 A (max) 
o to 50 Degrees C 

(P2 Backplane or power connection 
on P2 recommended) 

-50 to +85 Degrees C (non-operating) 
o to 90% (non-condensing) 
233x160mm 
9.2"x6.3" 

8 Channel Intelligent Serial 1/0 Controller board with 128 Kbyte 
of DPR, including firmware and documentation. 

8 Channel Intelligent Serial 1/0 Controller board with 512 Kbyte 
of DPR, including firmware and documentation. 

Front Panel for the 1810-1 11 A board providing eight 9-pin D-sub 
connectors. 

User's Manual for the IS10-1 11 A. 

394 



SYS68K/ISIO-2/2A 

System 68000 VME 
SYS68K/ISIO·2/2A 
Intelligent Serial 1/0 Board 
• 8 channel, multi-protocol serial 110 

controller board 
• On-board RS232/422 transceiver 
• 128/512 Kbyte No Wait State 

Dual Ported RAM 
• 68010 for local handling and control 
• 4 fully software programmable 

interrupt channels 
• Powerful handling firmware 
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1. General Description 
The SYS68K1ISI0-2/2A is a high performance in­
telligent serial I/O board providing local intelligence 
with a 68010 CPU and 8 serial I/O channels with 
onboard RS232-compatible driver/receiver cir­
cuits. 
512 Kbyte (ISI0-2A) or 128 Kbyte (ISI0-2) of Dual 
Ported RAM used are to store commands and data. 
Highest throughput is guaranteed by using a 
1 OMHz 68010 CPU running constantly without the 
insertion of wait states out of the 128 Kbyte 
EPROM area or out of the DPR (independent of 
VMEbus accesses). 
Four Dual Universal Serial Communication Con­
trollers DUSCC 68562 are used to interface to as 
many as 8 serial channels. 
The RS232/422 driver and receiver circuitries are 
installed on the ISI0-2/2A to make adaptation 
boards unnecessary. 

BLOCK DIAGRAM OF THE SYS68K1ISIO-2/2A 
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To enable easy system design, all 1/0 signals are 
routed to the P2 connector which results in 8 I/O 
signals per channel being supported. 
The ISI0-2/2A contains a VMEbus IEEE 1014 com­
patible interface to communicate to the host CPUs 
via its DPR. The access address and the address 
modifier code is jumper selectable. A Bus Inter­
rupter Module - BIM 68153 - is installed on the 
board to support fully asynchronous operation with 
the 4 different software programmable interrupt re­
quest channels. 
The firmware of the ISI0-2/2A handles all activities 
to/from the serial I/O channels including code con­
version, search and copy functions. For special 
applications, the source code of the firmware is 
optionally available. 
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Features of the SYS68K1ISI0-2/2A 
• 68010 CPU for local control (1 OMHz) 
• Dual Ported 512 Kbyte 0 wait state Static RAM 

between the VMEbus and the local CPU on 
ISI0-2A. 

• Dual Ported 128 Kbyte 0 wait state Static RAM 
between the VMEbus and the local CPU on 
ISI0-2. 

• 8 serial I/O channels built with four 68562 
DUSCC chips. HDLC and SDLC protocols 
supported. Independently software program­
mable baud rate for each channel from 50 to 
38400 baud. Data rate in synchronous mode up 
t04Mbitis. 

• RS232/422 driver and receiver circuits on board. 
• All 110 signals available on P2 connector. 
• 4 different interrupt request signals to the VME­

bus. Each channel contains a software program­
mable IRQ level (1 to 7) and vector. 

• Local parallel interface for controlling and 
monitoring all board functions. 

• Local timer used as watchdog. 
• VMEbus IEEE 1014 compatible interface 

A24:D16, D8 
• Watchdog timer controlling correct functions of 

onboard hard- and software. 
• Status and control LEDs for monitoring of local 

activities. 
• High level handling firmware for communica­

tion, selftest and control. 

1. The Hardware Functions 
The local CPU reacts on the commands and initia­
lisation parameters within the DPR. Constant pro­
gram run times are guaranteed through the special 
hardware logic providing Zero Wait State operation 
from the DPR, independent to the accesses from 
the VMEbus to the DPR. 
The ISI0-2/2A consists of self-test functions as 
well as of a hardware watchdog timer which con­
trols the activities of the 68010 CPU running with 
10MHz. 
User supplied programs can be loaded into the 
DPR and executed from the local CPU to adapt and 
extend board functionality. 
A time scheduler and a prioritisation mechanism 
are installed in the firmware to adapt the ISI0-2/2A 
to a wide variety of applications such as terminal 
controller, print spooler, interacting network con­
troller etc. 
The local CPU controls all 8 serial I/O channels via 
local interrupts and communicates to the host CPU 
via the DPR or via interrupt requests to the VMEbus 
generated by a Bus Interrupter Module. The I/O 
signals to be supported through the DUSCC chips 
are jumper selectable which allows the individual 
adaptation to each application on a channel by 
channel basis. 
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1.1 The Local 68010 CPU 
A 10MHz 68010 CPU is installed on the IS10-2/2A 
to control the data traffic between the serial I/O 
channels and the VMEbus host CPU(s). 
Two EPROMs with a maximum capacity of 128 
Kbyte are installed on the ISI0-2/2A to contain the 
handling firmware. Constant Zero Wait State oper­
ation from the EPROM guarantees maximum CPU 
throughput and a fixed program run time. 
The Dual Ported RAM is also accessible without the 
insertion of wait states by using a CPU clock syn­
chronized arbitration mechanism. The accesses 
from the CPU to the DPR are not delayed if a VME­
bus access is pending or being executed. 
A local timer, included in the PIIT, is used to inter­
rupt the CPU for task scheduling, command inter­
pretation and execution. 
The CPU and all I/O devices can be RESET through 
a SYSTEM reset via the SYSRESET signal of the 
VMEbus or by accessing a dedicated location 
within the DPR reserved for this function. 

1.2 The Serial 110 Interfaces 
The ISI0-2/2A contains 4 Dual Universal Serial 
Communication Controllers - DUSCC 68562. Each 
of the DUSCC chips provides the following features: 
• Dual full-duplex synchronous/asynchronous 

receiver and transmitter. 
• Multi-protocol operation consisting of: 

BOP: HDLC/ADCCP, SDLC, SDLC Loop, 
X.25 or X.75 link level 
COP: BISYNC, DDCMP, X.21 
ASYNC: 5-8 bits plus optional parity 

• Programmable data encoding formats 
NRZ, NRZI, FMO, FM1, Manchester 

• 4 character receiver and transmitter FIFO's 
• Programmable baud rate for each receiver and 

transmitter 
50 to 38400 Baud (asynchronous) 
Special data rate ranging from 0 to 4MHz 
Digital phase locked loop 
User programmable counter/timer 

• Programmable channel modes 
full/half duplex 
auto echo 
local loop back 

• Modem control signals for each channel 
RTS, CTS, DCD 
CTS and DCD programmable auto enables for 
Receiver (RX) and Transmitter (TX) 
Programmable interrupt on change of CTS or 
DCD 



A set of 8 I/O signals is supported on each channel 
providing maximum flexibility for the use of the I/O 
pins. 
The ISI0-2/2A board offers two different interface 
types for each channel. The board is equipped by 
default with RS232 driver and receiver circuits 
supporting 7 I/O signals as listed in paragraph 
1.2.1. 
Each of the 8 channels can be reconfigured to meet 
the RS422 standard. Both of the driver and receiver 
circuits reside on the sockets and can easily be 
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removed or exchanged. By having one basic 
version, the application needs with user's direction 
are easier to reconfigurate. Maximum flexibility is 
guaranteed because the number of RS232 and 
RS422 interfaces are user defined without any 
limitation. 
Resistors and capacitors can be installed in the 
RS422 mode to adapt the various cable length. A 
detailed description of the RS422 interface is 
shown in paragraph 1.2.2. 
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1.2.1 The RS232 Interface 
All RS232 compatible driver and receiver circuits 
are installed on the IS10-2/2A to allow easy instal­
lation and adaptation of the board into VMEbus 
environments. 

Signal Input Output P2-PIN 

DCD x c1 
RXD x c2 
TXD x c3 
DTR x c4 
GND a4 
DSR x x a1 
RTS x a2 
CTS x a3 

- - - -

1.2.2 The RS422 Interface 
By default the RS232 driver and receiver circuits 
are installed on the board. Each of the 81/0 channels 
can be reconfigured by using other interface chips 
to the RS422 standard. 

Signal Input Output P2-PIN 

TXD-A x a1 
TXD-B x c1 
RTS-A x a2 
RTS-B x c2 
CTS-A x a3 
CTS-B x c3 
RXD-A x a4 
RXD-B x c4 

The 1/0 signal assignment to the P2 connector is 
organised in 8 groups of 8 signals as shown in the 
following table: 

9PIN 
DSUB Description 

Connector 

1 Data Carrier Detect 
2 Receive Data 
3 Transmit Data 
4 Data Terminal Ready 
5 SignalGND 
6 Data Set Ready 
7 Request to Send 
8 Clear to Send 
9 Not Connected 

Each of the 4 RS422 1/0 signals contain socket 
places where resistors and capacitors can be in­
stalled to adapt to the various cable lengths. 
The 1/0 signal assignment to the P2 connector is 
organized in 8 groups of 4 signals as listed in the 
following table: 

9PIN 
DSUB Description 

Connector 

6 Transmit 
1 Data 
7 Request to 
2 send 
8 Clear to 
3 send 
5 Receive 
4 Data 
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1.2.3 The 1/0 Signal Assignment 
The 641/0 pins ofthe P2 connector can be connect­
ed with a flat cable allowing the splitting into 8 flat 

J97 

8~~~~ 75158 

CTS 

RXD 

1.3 The PItT 68230 

J98 

75157 

A 68230 Parallel Interface and Timer chip is installed 
on the IS10-2/2A to control and display the status 
of all on-board activities. The PI/T is also used to 
issue and monitor the interrupt request lines to the 
Bus Interrupter Module, which initiates the inter­
rupts to the VMEbus (under control of the host 
CPU). 
One handshake pin is used to interrupt the local 
CPU if the host CPU accesses a defined location 
within the DPR. One output signal is used to activate 
the SYSFAIL signal of the VMEbus if an on board 
error has been detected or if the board initializes 
the DPR after RESET or power up. 
The timer, also included in the PI/T, is the time base 
for the onboard handling firmware and the scheduler 
for the macro commands. 
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cables. Each of these cables can be connected 
to a 9-PIN D-Sub connector as shown in the follow­
ing figure. 

P2 
Connector 

A 

2. 2. 

30 30 

" " 
32 

A watchdog timer, for processor control, is installed 
on the board to detect software or hardware errors 
independent from the on board CPU. For this pur­
pose, one output of the PI/T is used to retrigger the 
watchdog timer within defined time frames. 
If the onboard CPU does not work properly, or if the 
hardware isn't working correctly, the timer will not 
be retriggered, and the SYSFAIL signal of the VME­
bus will be activated. The host CPU then can initiate 
a software controlled RESET for the ISIO, or start 
other maintenance activities. 



SYS68KIISIO-212A 

1.4 The Dual Ported RAM 
512 Kbyte of Dual Ported Static RAM with 45ns 
access time is installed on the ISI0-2A and 128 
Kbyte is installed on the ISI0-2. The Dual Ported 
RAM is used to service all applications requiring 
fast operations and large data areas. 
The local 68010 CPU runs without the insertion of 
wait states out of the DPR, because a CPU clock 
synchronized arbitration logic and a full buffered 
and latched VMEbus interface is installed on the 
ISI0-2/2A. Between two CPU access cycles, a 
VMEbus cycle is serviced and completed. On VME­
bus Read cycles, the data pattern is latched, and 
the internal cycle of the DPR is aborted while the 
VMEbus cycle is decoupled. 
A partition of the DPR is reserved for the local CPU 
for vector storage, the program counter, and tem­
porary buffers. This partition is used from the VME­
bus side for programming the BIM and initiating an 
interrupt, which will be handled from the on board 
CPU, or driving a local RESET. 
The access address and the address modifier co­
de(s) are jumper selectable within the standard 
address range (A24:D16,D8). The access times of 
the DPR depend on the accesses made by the local 
CPU as the local 68010 has priority over VMEbus 
accesses. 

1.5 The VMEbus Interface 
A full VMEbus IEEE 1014 standard compatible 
interface is installed on the IS10-2/2A to allow an 
access to the DPR and the Bus Interrupter Module. 
The 16-bit data width (D16,D8) of the DPR and the 
decoding of the standard address range (A24) allows 
easy installation in all VMEbus environments. 

Memory Layout of the Dual Ported RAM 

Offset to Base Address Description 

During power-up and after a RESET has been 
executed from the local CPU, the IS10-2/2A drives 
the VMEbus signal SYSFAIL active to signal each 
board in the VMEbus environment that the board is . 
not ready or has detected a malfunction. 
A RESET for the local CPU can be initiated by 
accessing a dedicated address within of the DPR. 
All local devices as well as the CPU will be reset 
through this access. 
An interrupt to the local CPU can be forced by 
accessing another location within the DPR, signal­
ling the on-board processor that a command has 
been given, or that an exception has to be taken. 
The Dual Ported RAM can be accessed at least 
every 560ns because this is the worst case access 
time and also the longest cycle time. The data 
transfer rate to/from the IS10-2/2A is 2 to 4 Mbyte/s 
including the VMEbus protocol. 
best case 330 ns 
average 430 ns 
worst case 560 ns 

1.6 The Bus Interrupter Module 
To allow fully asynchronous operation, the IS10-2/2A 
contains a Bus Interrupter Module - BIM 68153 -
providing 4 individually programmable interrupt 
channels. Each channel is able to force an interrupt 
request to the VMEbus. For each channel, the IRQ 
level (1 to 7) as well as the interrupt vector is fully 
software programmable. 
The local CPU forces the requests to the BIM and 
the host CPU can program the interrupt vector and 
the level at its direction. This allows dynamic 
change of the interrupt level and vector in multi­
processor environments. 

$000000 - $0007FF BIM providing 4 programmable interrupt levels and vectors on VME. 
$000800 - $OOOFFF Status register, read only. 
$001000-$0017FF Local interrupt, reading this address generates a local interrupt. 
$001800-$001 FFF Local reset, reading this address generates a local reset. 
$002000-$007FFF This part of the dual ported RAM is used by the local firmware and 

must not be modified from the VM Ebus. 
$008000 - $0080FF 16 command channels to program the 8 input and 8 output 

channels. 
$0081 00-$01 FFFF 16 data arrays for the 1/0 channels. 
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2.0 The Handling Firmware 
The SYS68K1ISI0-2/2A intelligent serial I/O board 
operates under the control of the local handling 
firmware. This EPROM resident firmware package 
executes the commands which are placed in the 
Dual Ported RAM and returns control and error 
messages. All commands are executed under the 
supervision of a local real time kernel which coordi­
nates the 8 input and 8 output tasks. 

Command Set of the ISIO-212A 

2.1 Initialisation Commands: 
• Global RAM Configuration 
• Terminal Configuration 
• I/O Chip Configuration 
• Setup of Address Offset 
• Load Translation Table 
• Setup of Handshake Modes 
• Asynchronous Initialisation 
• Software Reset with Selftest 
• Return RAM Configuration 

2.2 Input Commands: 
• Get one byte from input channel with/without 

autoecho 
• Get all available bytes from input channel with/ 

without autoecho 
• Get block with fixed length from input channel 

with/without autoecho 
• Get string with/without autoecho 
• Get counted string with/without autoecho 
• Get edited line 
• Get input channel status 
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Each of the 16 command blocks are used to pass 
commands and parameters to the corresponding 
channel. When the command is executed an inter­
rupt can be generated. The return value containing 
end codes and parameters is placed in the com­
mand block. 

2.3 Output Commands: 
• Output byte or word 
• Output block with fixed length 
• Output string 
• Output counted string 
• Return output channel status 

2.4 Copy Commands: 
• Copy byte from input channel to output chan­

nel(s) 
• Copy block with fixed length from input channel 

to output channel(s) 
• Copy string from input channel to output chan­

nel(s) 
• Copy counted string from input channel to 

output(s) 

2.5 Special Commands: 
• Execute user program in the DPR 
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3.0 The Optional Front Panel 
A front panel consisting of eight 9-pin O-sub con­
nectors is optionally available to allow direct con­
nection to the 8 serial 1/0 channels of the IS10-2/2A 
board. 
The pin-out for each of the 8 O-sub connectors is 
adjustable on the IS10-2/2A board. 
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The following figure shows the SYS68K1ISI0-1 FP 
and the interconnection to the IS10-2/2A board in 
detail. 
Each of the 7 1/0 signals is connected to a jumper­
field on the IS10-1 FP board to allow adaptition of 
the 1/0 signals to the various applications. 
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Specification of the SYS68K/ISIO-212A 

Local CPU 
EPROM 

Dual Ported RAM 

Serial 1/0 Interfaces 

Serial 1/0 Controller 

VMEbus Interface 

Handling Firmware 
Power Requirements 

Operating Temperature 
Storage Temperature 
Relative Humidity 
Dimensions 

Ordering Information 

SYS68K1ISI0-2 
Part No. 310031 

SYS68K1ISI0-2A 
Part No. 31 0036 

SYS68K1ISI0-1 FP 
Part No. 31 0034 

SYS68K1ISI0-2/U M 
Part No. 800110 

6801 o with 10MHzclockfrequency 
128 Kbyte maximum capacity 
o Wait State operation 
128/512 Kbyte capacity using static RAMs 
o Wait State operation from local CPU 
330 ns best case VMEbus access time 
430 ns average VMEbus access time 
560 ns worst case VMEbus access time 
8 channels 
71/0 signals per channel (RS232 compatible) or 
81/0 signals per channel (RS422 compatible) 
All 1/0 signals available on P2 connector 
68562 DUSCC providing 
SW-programmable baud rate (50 to 38400 Baud) 
HDLC and SDLC protocols 
DC data rate of up to 4 MBitisecond 
Automatic hardware handshake programmable 
Full IEEE 1 014 standard compatible 
A24:D16,D8 mode 
41RQs with SW programmable level (1 to 7) and vector 
Access address jumper selectable SYSFAIL* supported 
in EPROM with macro commands for all 110 channels installed 
+ 5V:5.4A(max) 
+12V:0.6A(max) 
-12V:0.6A(max) 
o to 50 Degrees C 

(P2 Backplane or power connection 
on P2 recommended) 

-50 to +85 Degrees C (non-operating) 
o to 90% (non-condensing) 
233x160mm 
9.2"x6.3" 

8 Channel Intelligent Serial 1/0 Controller board with 
128 Kbyte DPR, including firmware and documentation. 

8 Channel Intelligent Serial 1/0 Controller board with 
512 Kbyte of DPR including firmware and documentation. 

Front Panel forthe IS10-2/2A board providing eight 9-pin D-sub 
connectors. 

User's Manual for the ISI0-2/2A. 
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FORCE Computers Analog I/O Boards 

The family of VMEbus based products offered by 
FORCE Computers includes a family of controller 
cards which cover analog interfacing application 
areas. The analog interfacing cards cover vir­
tually all common analog input and output applica­
tion areas. 

General Feature Overview 

The family of analog input boards offered by 
FORCE Computers is as comprehensive as any 
in today's marketplace. The SYS68K1 AD-10/11 
boards are analog to digital converter boards offer­
ing up to 16 bit resolution. The boards feature either 
32 single ended of 16 differential analog input 
channels. Additionally, the AD-11 offers two addi­
tional analog output channels. The AD-1 0/11 family 
of boards may be expanded through the use of the 
auxilliary boards which provide additional function­
ality to the input channels of the board. Extra featu­
res which may be added include sample and hold 
circuits, isolated input channels and high level ex­
pansion. The SYS68K1 AD-1 0/11 family provides 
solutions to all analog input applications. 
For your analog output needs, the SYS68K1DA-1 12 
boards offer high resolution and a high level of sta­
bility over a wide temperature range. The DA-1 of­
fers 8 digital to analog conversion channels and the 
DA-2 offers 6 channels. Additionally, curent loop 
output options are available (4 to 20ma) to com­
plete the functionality of the family. The DA-1/2 are 
the analog output options. 
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FAMILY DA-1 DA-2 

Analog O/P Channels 8 6 
Analog liP Channels - -
Resolution min. 12 bit 16bit 

max. 12 bit 16bit 

Conversion Time min. - -
max. 6p,S 15p,s 

VMEbus Interface A16:D16,D8 A16:D16,D8 

Detailed Description 421 421 on Page: 

AD-10 

-
32/16 

12 bit 
16bit 

4p,s 
400ms 

A16:D16,D8 

411 

AD-11 

2 
32/16 

12bit 
16bit 

4p,s 
400ms 

A16:D16,D8 
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System 68000 VME 
SYS68KI AD-10 111 
High Speed Analog to Digital 
Converter Board Family 

• 31/16 AID channels 
• 11/14116 bit resolution 
• Conversion times down to 4 JL s 
• Sample and hold, isolated and channel 

expansion interface modules available 
• Two additional D I A channels on AD·" 
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General Description 

The SYS68K1AD-1 0/11 series of products are Ana­
log to D!gital converter boards supporting highest 
converslo~ rates (up to 16 bit resolution), as well 
cost effective solutions to the application needs. 
The SYS68K1 AD-10 board features 32 single ended 
or 16 differential analog input channels with 12 to 
16 bit resolution. To provide analog output control 
functions, the SYS68K1AD-11 board features two 
additional output channels. 

BLOCK DIAGRAM OF THE SYS68KI AD-10/11 
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The SYS68K1 AD-10/11 auxiliary boards provide 
sample and hold (SYS68K1AD-12), isolated input 
channels (SYS68K1AD-13) and 32 high level ex­
pansion channels (SYS68K1 AD-14). 
The SYS68K1 AD-10/11 concept offers modularity 
and expansion to service the various application 
needs with the best price/performance ratio. 

Decoding 

logIC 

J4 
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Features of the SYS68KI AD-10 

• 32 single ended or 16 differential NO channels 
• Four levels of resolutions are available: 

SYS68K1 AD-10A : 12bitl20us 
SYS68K1AD-10B : 12bitl4us 
SYS68K1 AD-10C : 14bitl35us 
SYS68K1AD-10D: 16bitl400ms 

• Four different input voltage ranges are 
supported: 
-10Vto +10V 
- 5Vto + 5V 

OVto OV 
OVto +10V 

• Programmable gain amplifier (PGA) 
• 80dB CMRR at a gain of 128 
• Up to 0.0063% full-scale range accuracy 

± 1/2 LSB linearity error 
• Channel Expansion interface for connection of 

the 
SYS68K1 AD-12 Sample and Hold 
SYS68K1AD-13 Isolated Inputs 
SYS68K1AD-14 32 Channel Expansion 

• VMEbus Interface: 
A16:D16,D8 
Interrupter (IRQ 1-7), with software program­
mable IRQ vector. 

Features of the SYS68K1 AD-11 

• The SYS68K1AD-11 contains exactly the same 
features as the SYS68K1 AD-10 plus 

• 2 Digital to Analog converter channels 

General Description 

The SYS68K1 AD-1 0/11 boards consist of a pro­
grammable gain amplifier (PGA), mUltiplexer, an 
NO converter and storage registers. The PGA is 
programmable for gains from 1 to 128 in binary in­
crements. Both the SYS68K1AD-10 and AD-11 
boards are available in four models (12, 14 and 16 
bit resolution) depending on the used NO conver­
ter module. All boards, except the SYS68K1AD-
100 and 110 contain a sample and hold amplifier. 
The SYS68K1 AD-10/11 boards contain 16 data 
channels built with differential inputs or up to 32 
single ended data channels. The number of chan­
nels can be expanded by using the on-board ex­
pansion capabilities for connection of other input 
boards. The channel and control information from 
the channel select logic is connected to the P4 ex­
pansion connector as well as all control signals for 
steering the SYS68K1AD-12, -13 and -14 boards 
are included. 
On-board jumpers allow coding of the data to be 
output in bipolar 2's complement, offset binary, or 
unipolar binary format. The analog output section 
on the SYS68K1 AD-11 offers + 1/2 LSB differential 
nonlinearity and operates at ±0.05 of full scale 
range accuracy. 
All 1/0 signals are made available on the front panel 
via a 25 pin D-Sub connector. 
The SYS68K1 AD-10 and 11 boards consist of a 16 
bit VMEbus interface using the short 1/0 address 
space for decoding. 
On-board switches select the base address of the 
board and the access time of the SYS68K1 AD-1 01 
11 boards is jumper selectable in the range be­
tween 125 to 1000 us. 
An interrupt 10 register is installed on the board al­
lowing to interrupt the host CPU if a conversion is 
finished. The IRQ level is jumper selectable to one 
of the 7 defined IRQ levels (IRQ1-7). 
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The Expansion Interface 

The interfacing to the expansion boards is made via 
low cost expansion boards such as the 8 channel 
isolated input board, the 32 channel high level input 
board or the 16 channel simultaneous sample and 
hold board. 
The interfacing to the expansion boards is made via 
the 25 Pin D-Sub connector available on the front 
panel of each board. The data to be transferred is 

SYS68KI AD-10/11 

routed only through the SYS68KJ AD-10 or -11 
board to minimize the overhead logic and reduce 
the cost for the com plete system. 
The expansion bus extends the number of input 
channels to 256. 
All expansion boards are described in detail in the 
following pages while the principal block diagram 
of the expansion interface is outlined below. 

BLOCK DIAGRAM OF THE EXPANSION INTERFACE 

'iYS6BKlAO-1 011 1 
32 Channel AID 
Converter Board 

VMEbus 
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SYS68K1AD-14 
32 Channel High level 

Input Board 

SYS68KJAO-13 
8 Channel Thermocouple 

Input Board 

SYS68K/AO-12 
16 Channel Simultaneous 
Sample and Hold Board 

P1 



SYS68KI AD-10/11 

Specification of the SYS68KI AD-10 

Number of Input Channels 

Input Voltage Range 

Channel Expansion 

Programmable Gain Amplifier 
PGA plus max. settling time 

Common Mode Voltage 
Input Bias Current 
Overvoltage Protection 
Input Independence 

Common Mode Rejection 

VMEbus Interface 
AM-Codes 
Interrupts 

SYS68K1 AD-1 OA/-12A 
SYS68K1 AD-1 OBI -11 B 
SYS68K1AD-1 OC/-11 C 
SYS68K1AD-1 00/-11 D 

SYS68K1AD-10A/-11A 
SYS68K1AD-10B/-12B 
SYS68K1 AO-1 OCI -12C 
SYS68K1AD-10D/-12D 

Resolution 

12 
12 
14 
16 

Gain Temperature 
coefficient + 

(ppmrC) 

20 
20 
20 
10 

416 

32 single ended 
16 differential 
-10Vto+10V 
- SVto+ SV 

OVto+ SV 
OVto+10V 

Qumper selectable) 
Up to 2S6 single ended 
or differential channels 
with SYS68K1 AO-12, -13 or 
-14 boards 
1,2,4,8,16,32,64,128 

8 us at again of 1 
12usatagainof 12 
40 us at a gain of 64 

100 us at again of 128 
± 1 OVdc, maximum 
8nA, maximum 
±3SVdc, maximum 
10M ohm, minimum 
(Differential to GNO) 
7SdB at a gain of 2 
80dB at a gain of 128 
(± 1 OV input signal at 
60Hz minimum) 
A16: 016,08 
29,20,39,30 
Software Programmable 
IRQ vector, 
Jumper selectable IRQ-level 

Maximum Throughput 
Conversion 

Time 
per sec. 

2Sus 40320 
Sus 160000 

4Sus 18667 
400ms 2.S 

Zero Temperature Linearity 
Drift Error 

(ppm/°C) (max.) 

20 O.SLSB 
20 O.SLSB 
20 O.SLSB 
10 2.0LSB 



Power Requirements 

Operating Temperature 
Storage Temperature 

Relative Humidity 
Dimensions 

+5V: 2.5A 
On-board DC - DC 
Converter generates the 
± 15Vforthe logic circuits 
Oto+60°C 
-20to +80 °C 
(non operational) 
o to 90% (non condensing) 
233.5 x 160 mm 
(9.2 x 6.3 in.) 

SYS68KI AD-10/11 

Additional Features of the SYS68KI AD-11 

Analog Output Channels 
Output Range 

Digital Coding 

Resolution, Accuracy 
Differential Non-linearity 
Zero Temperature Drift 
Offset Temperature Drift 
Gain Temperature Drift 
Setting Time 
Output Current 
Output Independence 

Ordering Information 

SYS68K1 AD-1 OA 
Part No. 320002 

SYS68K1 AD-1 OB 
Part No. 320003 

SYS68K1 AD-1 OC 
Part No. 320004 

SYS68K1 AD-1 OD 
Part No. 320005 

SYS68K1 AD-11 A 
Part No. 320006 

SYS68K1 AD-11 B 
Part No. 320007 

SYS68K1 AD-11 C 
Part No. 320008 

SYS68K1 AD-11 D 
Part No. 320009 

SYS68K1AD-10/UM 
Part No. 800119 

SYS68K1AD-11/UM 
Part No. 800120 

2 
-10Vto+10V 

OVto+ 5V 
OVto+10V 

Bipolar 2's complement 
bipolar offset binary 
unipolar binary 
12bit, 0.05% minimum 
0.5 LSB, minimum 
5ppm/oC, maximum 
20ppmfDC, maximum 
20ppm/oC, maximum 
10 us, maximum 
5mA, typical 
50mOhm, typical 

12 Bit Analog to Digital Converter Board including 
documentation 

12 Bit Analog to Digital Converter Board 
(4 us data conversion time) including documentation 

14 Bit Analog to Digital Converter Board including 
documentation 

16 Bit Analog to Digital Converter Board including 
documentation 

12 Bit Analog to Digital Converter Board plus 2 Analog 
Output Channels including documentation 

12 Bit Analog to Digital Converter Board (4 us data 
conversion time) plus 2 Analog Output Channels 
including documentation 

14 Bit Analog to Digital Converter Board plus 2 Analog 
Output Channels including documentation 

16 Bit Analog to Digital Converter Board plus 2 Analog 
Output Channels including documentation 

Documentation for the SYS68K1 AD-1 0 board versions 

Documentation for the SYS68K1 AD-11 board versions 
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SYS68KI AD-10/11 

General Description of the SYS68K1AD-12 

The SYS68K1AD-12 board is a 16 channel simul­
taneol.js sample and hold expansion board to the 
SYS68K1 AD-1 0/11 board versions. 
A sample and hold circuit holds or freezes a chang­
ing analog input signal for up to a few milliseconds. 
With 16 on-board amplifiers, the SYS68K1AD-10/11 
boards may scan and convert the samples stored. 
The digital data represents the analog input signal 
values at an instant of time from all the 16 channels. 
This allows to measure high speed transients and 
spikes during a specified window of time. 
For applications requiring sampling at rates up to 
8M sample/s all 16 channels may be connected to 
a single measuring point. The sample and hold cir­
cuits may then sequentially acquire the analog in­
put signal. In this application the SYS68K1AD-12 
functions as a very low cost SMHz storage device. 
The inputs may either be single ended (up to 16) or 
differential (up to S). 
The specification of the SYS6SKlAD-12 board is 
outlined together with the SYS6SKI AD-13 and -14 
boards. 

General Description of the SYS68K1AD-13 

The SYS6SKlAD-13 boards is a S channel input 
board which offers 1000V peak isolation as well as 
thermocouple and low level inputs. 
Designed specially for applications requiring mul­
tiple channel data acquisition, the SYS6SKlAD-13 
board expands the analog input capability of the 
SYS6SKlAD-1 0/11 boards. 
The SYS6SKlAD-13 board is offered in two ver­
sions: 
The SYS68K1 AD-13T providing isolation and signal 
conditioning for thermocouple and low level inputs 
allowing to mix thermocouple and low level signals 
(±25.6, 51.2 and 1 02.4mV) on the same board. 
The SYS68K1 AD-13M accepting high level voltage 
inputs and 4 to 20mA current loop inputs. 
The specification of the SYS6SKlAD-13 board ver­
sions are listed together with the specification of 
the SYS6SKI AD-12 and -14 boards. 

General Description of the SYS68K1 AD-14 

The SYS6SKI AD-14 board is a 32 channel high level 
expansion board to the SYS6SKI AD-1 0/11 boards. 
The SYS6SKI AD-14 provides 32 single ended or 16 
differential expansion channels directly accepting 
high level inputs. 
The settling time is less than 6 us with a full range 
accuracy of better than 0.01 %. 
The board externally multiplexes up to 32 input 
channels at the lowest cost. If more than 32 input 
channels are needed multiple SYS68KI AD-14 
boards can be connected together supporting up 
to 256 different channels. 
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SYS68K/AD-10/11 

Specification 

AD-12 AD-13T AD-13H AD-14 

Numberof channels (single) 16 32 
(differential) 8 8 8 16 

Channel expansion up to 256 256 256 256 
DC Input range ±M,max. 10 0.026.6 5 10 

0.051.2 
0.102.4 

Analog expansion interface to the 
SYS68K1 AD-1 0/11 boards yes yes yes yes 
VME Interface no no no no 
Extemal Trigger for Sample and Hold yes no no no 
Common Mode Voltage ±10Vdc 750VRMS 750VRMS ±10Vdc 
(maximum) 100bv 1000V 

peakiAC peakiAC 
DC Overvoltage Protection M ±35 130 130 ±35 
Input Independence (M Ohm) 1 - - 100 

Sample and Hold Droop Rate (uv/us), max 2 - - -
Sample and Hold Pedestal (mv), typ 1.0 - - -

(mv),max 2.5 - - -
Output Independence (kOhm),max 0.5 - - -
Input offset Voltage (mv),max 1 - - -
Input offset Voltage drift (mVrC) max 20 

Common Mode Rejection 
Ratio f=0.01 to 1 OOMHz, (dB), min - 120 110 -
Normal Mode Rejection 
50 or 60MHz, (dB), min - 55 55 -
Setting Time (ms), typ - 2.5 2.5 -
DC Gain Accuracy (%FSR), min - 0.03 0.05 0.01 
Gain Drift (ppm/"C), max - 35 35 -
Offset Drift (uV/QC), max - 3 60 -
CJC ErroreC), max - 1.5 1.5 -

Output Setting time (us), max (0 to 1 OV step) 6 - - 6 

Leakage current 
on channel (nA), typ - - - 0.03 
on channel (nA), max - - - 60 
off channel (nA), typ - - - 0.1 
on channel (nA),max - - - 300 

Power Consumption at 5V (A), max 3.0 1.5 1.5 0.6 
Operating Temperature eC),min 0 0 0 0 

eC), max +60 +60 +60 +60 
Storage Temperature (QC), min -20 -20 -20 -20 

(QC), max +85 +85 +85 +85 
Relative Humidity (%),min 0 0 0 0 
(non condensing) (%),max 90 90 90 90 
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SYS68K/AD-10/11 

Ordering Information 

SYS68K1 AD-12 
Part No. 320010 

SYS68K1 AD-13T 
Part No. 320011 

SYS68K1AD13H 
Part No. 320012 

SYS68K1 AD-14 
Part No. 320013 

SYS68K1 AD-12/UM 
Part No. 800121 

SYS68K1AD-13/UM 
Part No. 800122 

SYS68K1 AD-14/U M 
Part No. 800123 

16 channel Sample and Hold expansion board forthe 
SYS68K1AD-1 0/11 boards. Documentation included. 

8 channel thermocouple input expansion board forthe 
SYS68K1 AD-1 0/11 boards. Documentation included. 

8 channel high voltage and current loop expansion board for 
the SYS68K1 AD-1 0/11 boards. Documentation included. 

32 channel high level input board for the SYS68K1 AD-1 0/11 
boards. Documentation included. 

User's Manual forthe SYS68K1AD-12 board. 

User's Manual for the SYS68K1 AD-13 board. 

User's Manual for the SYS68K1 AD-14 board. 
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SYS68K/DA-1/2 

System 68000 VME 
SYS68K/DA-1/2 
High Performance 
Digital to Analog Converter Boards 

• 12/16 bit resolution 
• 618 D/A channels 
• Current loop output optional 
• Wide selection of output voltage ranges 
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SYS68K/OA-1/2 
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General Description 

The SYS68K/DA-1 /2 boards are high speed digital 
to analog converter boards supporting 16 bit res­
olution at a maximum of 8 channels. On-board 
hardware resources provide 8 or 6 digital to analog 
conversion channels (SYS68K1DA-1 or DA-2) with 
a resolution of 12 or 16 bit. Both boards provide five 
output voltage ranges (up to + 1 OV). The on-board 
dc/dc converter guarantees a full scale range accu­
racy of 0.05% on the SYS68K1DA-1 and 0.005% 
on the SYS68K1DA-2 board. 
The input data format (16 bit) for the conversion can 
b~ digital data: coded bipolar's 2's complement, 
bipolar offset binary, or unipolar straight binary. 

BLOCK DIAGRAM OF THE SYS68K1DA-1 
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SYS68K/DA-1I2 

Functionally the SYS68K1DA-1 /2 boards consist of 
a VMEbus interface and a digital to analog con­
verter for each channel. A special function on the 
SYS68K1D~-1 /2 allows to force each DAC output to 
O.OOOV dunng reset regardless of whether unipolar 
or bipolar outputs are selected. The SYS68K1DA-
1 B board offers the selection between the standard 
voltage and current loop outputs (4 to 20 mA) The 
functional block diagram of the SYS68K1DA-1/2 
shows the functional modules in detail. 



SYS68K/DA-1/2 

Specifications 

SYS68K1 SYS68K1 SYS68K1 
OA-1A,1B OA-2A OA-2B 

Analog Output Channels 8 6 6 
Output Voltage Range Oto+ 5V ±10.0V ±5.0V 

Oto+10V 
± 2.5V 
± 5.0V 
±10.0V 

Digital Input Coding 
Bipolar 2's complement yes yes yes 
Bipolar offset binary yes yes yes 
Unipolar straight binary yes yes yes 

Resolution 12 Bit 16Bit 16 Bit 
Monotonicity - 14Bit 14 Bit 
Accuracy Differential (FSR),min. 0.05% 0.005% 0.005% 
Nonlinearity (FSR), min. 0.5LSB 0.005% 0.005% 
Zero temperature drift (ppm/°G), typo 3 5 5 
Offset temperature drift (ppm/°G), typo 5 8 8 
Gain temperature drift (ppm/°G), typo 15 20 20 
Settling time (us),max. 6 15 15 
Output current (mA), typo ±5 ±5 ±5 
Output impedance (mOhm), typo 50 50 50 
Current Loop 

(only on SYS68K10A-1 B) 
conforming to ISA standard 4t020 - -
550.1, type 4, class U. 

Accuracy (FSR),min. 0.1% - -
Excitation (Vdc), min. +15 - -

(Vdc), typo + 4 - -
(Vdc),max. +36 - -

Load resistance (Ohm),min. 100 - -
(Ohm), max. 1000 - -

VMEbus Interface 
A16:016,08 x x x 
Access time (ns),min. 125 125 125 
Access time (ns), max. 1000 1000 1000 
AM Codes supported (HEX) 29,20 29,20 29,20 

39,30 39,30 39,30 
Power requirements 5V, max. 2.3A 3.5A 3.5A 
Operating temperature (0G) Oto+60 Oto+60 Oto+60 
Storage temperature (0G) -20to+80 -20to+80 -20to+80 
Relative humidity (non-condensing) Ot090% Ot090% Ot090% 
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Ordering Information 

SYS68K1DA-1 A 
Part No. 320014 

SYS68K1DA-1 B 
Part No. 320015 

SYS68K1DA-2A 
Part No. 320016 

SYS68K1DA-2B 
Part No. 320017 

SYS68K1DA-1/UM 
Part No. 800124 

SYS68K1DA-2/UM 
Part No. 800125 

SYS68K/DA-1/2 

8 channel digital to analog converter board (12 bit), 
inclusive documentation. 

8 channel digital to analog converter board (12 bit) 
with current loop outputs. Documentation included. 

6 channel digital to analog converter board (16 bitJ± 1 OV) 
inclusive documentation. 

6 channel digital to analog converter board (16 bitJO to 1 OV) 
inclusive documentation. 

User's Manual for the SYS68K1DA-1 boards. 

User's Manual for the SYS68K1DA-2 boards. 
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FORCE Computers Systems Introduction 

With the broad range of VMEbus based products 
currently being offered by FORCE Computers, it is 
clearly possible to build an enormous variety of 
systems. Within the standard product line, FORCE 
is currently offering some commonly requested 
configurations of boards in the form of systems. 
These systems are configured in one of three chas­
sis. The top end performance systems are offered 
in the FORCE FOCUS 32 chassis, this chassis pro­
vides a full 32 bit, 12 slot VME environment com­
plete with power supply and magnetic storage me­
dia. The mid range systems are offered in the 7HE, 
19" chassis complete with 9 VMEbus slots, power 
supply and magnetic storage media. Finally the low 
cost end of the system product line is realised in the 
5 slot, 3HE chassis also complete with power 
supply and magnetic storage media. 
The systems offered by FORCE Computers are 
complimented in software by either the POOS real 
time, multitasking operating system or by the in­
dustry standard time sharing UNIX operating sys­
tem. 

General Feature Overview 

The FORCE FOCUS 32 system is available with 
either UNIX (FORCE FOCUS UNIX System 25) with 
the SYS68KJCPU-25 or with POOS (FORCE FO­
CUS POOS System 21) with the SYS68KJCPU-21. 
Both systems come fully configured with SYS68KJ 
ISI0-1, SYS68KJISCSI-1, SYS68KJ ASCU-2 and 
sufficient memory for the operating system. Addi­
tionally, 170 Mbyte hard disk and 1 Mbyte floppy 
disk drive are also provided. Also available as stan­
dard on the UNIX system and as an option on the 
POOS system is a 120 Mbyte streaming tape drive. 
The mini FORCE systems are all configured with the 
POOS operating system and are available with a 
member of each of FORCE Computer's CPU board 
families with the exception of the CPU-3 and the 
CPU-24/25 families (as these two families are in­
stalled with a memory management unit, not sup­
ported by POOS). All systems are fully configured 
with disk controller, magnetic media and serial 110 
capability. 
The microFORCE systems are all UNIX based sys­
tems, the microFORCE 2 is a 9 slot, 7 user system 
and the microFORCE 1A is a 5 slot, 4 user system 
both are configured with 2 Mbyte of ORAM and a 
1 Mbyte floppy disk and a hard disk. Both systems 
come with UNIX reconfiguration rights. 
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FAMILY microFORCE 

SYSTEM TYPE -1A -2 -1P1 -1P5 

Used CPU Board CPU-3VB CPU-3VB CPU-1D CPU-5V 
Processor Type 68010 68010 
Frequency 10MHz 10MHz 

FPCPType - -
Memory DRAM 2 Mbyte 2 Mbyte 

SRAM 128 Kbyte 128 Kbyte 
ROM 128 Kbyte 128 Kbyte 

Storage Hard Disk 50 Mbyte 85 Mbyte Not Not 
Floppy Disk 1 Mbyte 1 Mbyte recom- recom-

No. of Slots 5 9 mended mended 
No. of Installed Boards 4 4 for new for new 
No. of Free Slots 1 3* 

develop- develop-
I/O Ports Serial 4 7 ments. ments. 

Parallel - -
VMXbus Interface - -
Operating System UNIX UNIX 

Optional Software 0 0 
Chassis 3U 7U 

Detailed Description 
453 461 on Page: 

Software Notes: 0 = PASCAL, GKS 
00 = C, FORTRAN, PASCAL, BASIC, GKS 

-1P6 -2P1 

CPU-6 CPU-1D 
68000 
8MHz 

-
512 Kbyte 

-
256 Kbyte 

- Not 
2x1 Mbyte recom-

5 mended 
2 for new 
3 

develop-
3 ments. 

2x8bit 

-
PDOS 

00 
3U 

433 

mlnlFORCE 

-2P2 -2P4 -2P5 -2P6 -2P61 

CPU-2VC CPU-4VB CPU-5A CPU-6VB CPU-6VB 
68010 68010 68000 68010 68010 

10MHz 12MHz 16.7MHz 12MHz 12MHz 

- - 68881 68881 68881 

1 Mbyte 2 Mbyte 2 Mbyte 1 Mbyte 1 Mbyte 
- 128 Kbyte 128 Kbyte - -

32 Kbyte 512 Kbyte 256 Kbyte 256 Kbyte 256 Kbyte 

50 Mbyte 50 Mbyte 50 Mbyte 50 Mbyte 170 Mbyte 
1 Mbyte 1 Mbyte 1 Mbyte 1 Mbyte 1 Mbyte 

9 9 9 9 9 
3 4 4 3 3 
4* 3* 3* 6 6 

7 7 8 3 3 
2x8blt 2x8bit - 2x8bit 2x8 bit 

- - X - -

PDOS PDOS PDOS PDOS PDOS 

00 00 00 00 00 
7U 7U 7U 7U 7U 

435 435 435 435 435 

*With S10-1 FP removed 2 more slots are available 
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FAMILY 

SYSTEM TYPE -2P21S -2P21 

Used CPU Board(s) CPU-21S CPU-21 
No. of CPU Boards 1 1 
Processor Type 68020 68020 
Frequency 12.5MHz 16.7MHz 

FPCPType 68881 68881 

Memory DRAM - -
SRAM 512 Kbyte 512 Kbyte 
ROM 512 Kbyte 512 Kbyte 

Storage Hard Disk 25 Mbyte 50 Mbyte 
Floppy Disk 1 Mbyte 1 Mbyte 

Streamer - -
No. of Slots 9 9 
No. of Installed Boards 3 3 
No. of Free Slots 6 6 

1/0 Ports Serial 2 2 
Parallel - -

Additional Bus Interface VMX VMX 

Operating System PDOS PDOS 

Optional Software <><><> <><><> 
Chassis 7U 7U 

Availability: Now Now 

Detailed Description 445 445 on Page: 

Software Notes: <><><> = C, FORTRAN, PASCAL, GKS. 

miniFORCE 

-2P21A 

CPU-21A 
1 

68020 
20.0 MHz 

68881 

-
512 Kbyte 
512 Kbyte 

50 Mbyte 
1 Mbyte 

-
9 
3 
6 

2 
-

VMX 

PDOS 

<><><> 
7U 

Now 

445 

-2P21AI 

CPU-21A 
1 

68020 
20.0 MHz 

68881 

-
512 Kbyte 
512 Kbyte 

170 Mbyte 
1 Mbyte 

Option 

9 
3 
6 

2 
-

VMX 

PDOS 

<><><> 
7U 

Now 

445 
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FAMILY 

SYSTEM TYPE PDOS System 21A 

Used CPU Board(s) CPU-21A 
No. of CPU Boards 1 
Processor Type 68020 
Frequency 20.0 MHz 

FPCPType 68881 

Memory DRAM -
SRAM 1 Mbyte 
ROM 512 Kbyte 

Storage Hard Disk 170 Mbyte 
Floppy Disk 1 Mbyte 
Streamer Option 

No. of Slots 12 
No. of Installed Boards 6 
No. of Free Slots 6 

I/O Ports Serial 12 
Parallel 1 

Additional Bus VMX 
Interface 

Operating System PDOS 

Optional Software 000 
Chassis FOCUS 32 

Availability: Now 

Detailed Description 461 
on Page: 

Software Notes: 000 = C, FORTRAN, PASCAL, GKS 
0000 = PASCAL, COBOL, GKS 

FOCUS 32 

PDOS System 21 B 

CPU-21B 
1 

68020 
25.0 MHz 

68881 

-
1 Mbyte 

512 Kbyte 

170 Mbyte 
1 Mbyte 

Option 

12 
6 
6 

12 
1 

VMX 

PDOS 

000 
FOCUS 32 

Now 

461 

System25U System 25AU 

CPU-25U CPU-25A 
1 1 

68020 68020 
16.7MHz 20.0 MHz 

68881 68881 

4 Mbyte 4 Mbyte 
1 Mbyte 1 Mbyte 

64 Kbyte 64 Kbyte 

170 Mbyte 170 Mbyte 
1 Mbyte 1 Mbyte 

125 Mbyte 125 Mbyte 

12 12 
7 7 
5 5 

12 12 
1 1 

- -

UNIX UNIX 

0000 0000 
FOCUS 32 FOCUS 32 

Now Now 
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= ~ III ~. _. .. 
a 
n 
c 
'" v 

= " -o 

" :I 

" ~ .. 
i .. 
" :I 
WI 



mini FORCE 1 P6 

System 68000 VME 
miniFORCE 1P6 

• PDOS Real Time Operating System 
• .3 serial and 1 parallel 1/0 interface 
• Real Time Clock with battery back-up 
• Three user application slots 
• Most flexible I/O-structure 
• Universal system solution 
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miniFORCE 1 P6 

General Description 
The mini FORCE 1 P6 system is a universal develop­
ment tool. Oue to its flexible I/O structure (3 serial 
and 1 parallel interface) and its battery back-up 
Real Time Clock it is ideally suited for a wide variety 
of industrial applications. Two users are supported 
from the POOS Real Time Operating System. 
POOS offers various compilers (C, Pascal, Fortran 
77) and powerful debugging tools to ease applica­
tion software development. 

Ordering Information 

System Confi,9uration 
• Processor ,68000 (8M Hz) 
• Local DRAM 512 Kbyte 
• 3 seriai I/O ports 
• Two 1 Mbyte Floppy Oisks 
• Real :rime Clock with battery back-up 
• VMEbus boards used: 

• CPU-6 
• WFC·1 
• MOTH-05A 

• 3HE chassis including 160W power supply 
• Operating temperature + 10 to +40 degree C 
• Storage temperature -1 0 to +50 degree C 
• Humidity 0-85% non condensing 

miniFORCE 1 P6 
Part No. 620560 

POOS system with CPU-6 including documentation 

SYS68K1POOS-PAS 
Part No. 140020 

SYS68K1POOS-C 
Part No. 140030 

SYS68K1POOS-FOR 
Part No. 140040 

POOS PASCAL compiler including documentation 

POOS C compiler including documentation 

POOS FORTRAN 77 compiler including documentation 
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miniFORCE2 

System 68000 VME 

nllnlwe~[E2 
Systems for Real Time Applications 

• PDOS Real Time Operating System 
• Advanced VMEbus architecture 
• Wide selection of VMEbus CPU boards 
• Fast realisation of complex applications 
• Development = Target system 
• Expandable system configuration 

435 



miniFORCE2 
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General Description 
The FORCE Computers' multi-user development 
systems for real time applications are low cost, 
high performance systems based on the VMEbus. 
Four different CPUs offer flexible adjustment to a 
wide variety of applications around the 68000/ 
68010 CPU. 
The applications of the hardware configurations in­
clude software development systems, intelligent 
workstations, graphics applications and numeric 
control systems. 
The powerful real time operating system PDOS and 
the flexible real time kernel allow software develop­
ment and test of the hard- and software in the same 
environment without the overhead of an emulator 
and a host computer. 
The compilers for FORTRAN 77, C, and PASCAL 
allow efficient software development in conjunc­
tion with the 68000/6801 0 macro assembler. A sys­
tem (miniFORCE 2P4) is shown on the previous 
page. 

1.0 Hardware 
The miniFORCE 2 systems are housed in a 19" en­
closure which includes two quiet fans for cooling 
and a noise filter (RFI filter) for the fan and the power 
supply. 
For easy installation in 19" cabinets, the complete 
hardware consisting of power supply, mother­
board and mass storage drives, is mounted in a 19" 
rack. The major functions of the different hardware 
parts are described below: 

1.1 Power Supply PWR-09A 
The PWR-09A is used to power the motherboard, 
VME boards, as well as the disk drives. The 280W 
power supply drives up to 9 VME boards and offers 
a maximum of 36 Amps at +5V. 

1.2 Motherboard MOTH-09A109E 
The VMEbus motherboard allows the interconnec­
tion of up to 9 VMEbus-based boards with a power 
consumption of 6A each. 

1.3 Mass Memory WFMOD-50 
The Winchester Floppy module includes a high 
speed winchester (35 ms average access time) as 
well as half height 1 Mbyte floppy disk. All drives 
(51/4") are included in a cassette which is mounted 
in the 19" rack near the power supply. 
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The following table lists the features of the 
WFMOD-50 module: 

WFMOD-50 

Winchester capacity 
unformatted 51 Mbyte 
formatted 39.2 Mbyte 

Average Access Time 35ms 
including head settling Time 
MTBF 11000h 

Floppy capacity 
unformatted 1.0 Mbyte 
formatted 0.8 Mbyte 

Average Access Time 94ms 
MTBF 1 0000 h 

1.3.1 Mass Memory WFMOD-175 
The Winchester Floppy module includes a high 
speed winchester (30 ms average access time) as 
well as half height 1 Mbyte floppy disk. All drives 
(5 1/4") are included in a cassette which is mounted 
in the 19" rack near the power supply. 
The following table lists the WFMOD-175 module: 

WFMOD-175 

Winchester capacity 
unformatted 175 Mbyte 
formatted 133 Mbyte 
(256 byte/sector) 

Average Access Time 28ms 
MTBF 20000h 

Floppy capacity 
unformatted 1.0 Mbyte 
formatted 0.8 Mbyte 

Average Access Time 94ms 
MTBF 1 0000 h 

1.4 VMEbus Boards 
The miniFORCE-2 systems include a CPU board 
and various interface boards for serial I/O and 
winchester/floppy control. Dynamic RAM boards 
with byte parity check are also available to increase 
workspace for the operating system and/or user 
programs. 

1.4.1 Mass Memory Interface WFC-1 
The WFC-1 board controls the Winchester as well 
as the floppy disk drive. It contains an error detection 
and correction circuit as well as a 2 Kbyte sector 
buffer. The sector buffer allows the use of the sys­
tem as a real time target system because data can't 
be lost during transfers to/from the WFC-1. Full 
asynchronous operation is performed through the 
flexible interrupt scheme on the board. 
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1.4.1.1 Mass Memory Interface ISCSI-1 
The ISCSI-1 is a VMEbus based intelligent control­
ler board. It supports a Winchester, floppy drives 
and each type of SCSI-bus based devices. The 
interfaces to the Mass Memory devices are the 
SCSI bus and the SA460 interface. The connected 
Winchester must have a SCSI Interface and the 
floppy a SA460 compatible interface. The board 
contains hashing buffers which are included on the 
128 Kbyte dual ported RAM. 
Intelligent commands control the Mass Memory 
devices. The on-board 68010 and the handling 
firmware control the SCSI interface and the SA460 
interface after the host command is given. 
The ISCSI-1 board is included on the mini FORCE-
2P61 system configuration by default. All other con­
figurations contain the WFC-1 , but they can be built 
with the ISCSI-1 on request. 

1.4.2 Serial 1/0 Interface S10-2 
Interconnection to terminals, printer or to host 
computer(s) is provided through the six channel se­
rial I/O board. All channels are RS232 compatible 
and offer a strap selectable I/O signal assignment 
to each of the 6 O-Sub connectors mounted on the 
front side of the system. The front panel S10-1 FP 
requires two slots in the system. If more than the 
3(4) remaining slots are required for application de­
pendent boards, this front panel can be eliminated 
by strapping all the flat cables to the back of the 
system. 
The multi protocol controllers (6) offer various pro­
tocols (HOLC, SOLC, X.25 etc.) as well as a soft­
ware programmable baud rate (11 0 to 38400 Baud). 

1.4.3 RAM Extension DRAM-1/2 
All miniFORCE 2 systems have an additional RAM 
storage array on the VMEbus. 512 Kbyte or 2 Mbyte 
of RAM capacity (ORAM-1 or -2) are installed and 
offer 200 ns/300ns access time on write/read cyc­
les. Byte parity on both boards is installed for error 
detection. Each system can easily be expanded by 
using additional RAM boards such as the ORAM-1 / 
-2 and ORAM-E3MlIS3 (32 bit memory boards 
with 70ns/245ns access time). 

1.5 The CPU Boards 
Four different CPU boards are available for the real 
time development systems. Each of the boards 
offers different features to adapt the development 
system to the real time application (target system) 
without the need to change the CPU board for the 
software development. 
The different features of the CPU boards are des­
cribed below and are combined in Table 2. 

1.5.1 CPU-6VB 
This universal CPU board with 68010 processor 
runs out of the 512 Kbyte dynamic RAM and offers 
3 serial I/O channels (asynchronous protocol with 
strap selectable baud rate), a parallel interface and 
a Real Time Clock with battery backup. Four 
EPROM sockets are usable on the board for various 
software packages (128 Kbyte). An additional 
68881 Floating Point Coprocessor is implented on 
the CPU-6VB. 

1.5.2 CPU-2VC 
1 Mbyte of dual ported, dual bused dynamic RAM 
are installed on the CPU-2VC which contains a 
68010 with 1 OMHz clock frequency. One serial I/O 
interface (RS232 with software programmable 
baud rate), a Real Time Clock, a parallel interface, a 
Floppy Disk Controller and up to 32 Kbyte of 
EPROM capacity complete the board. 

1.5.3 CPU-4VC 
A 12.5MHz 6801 0 running at 0 wait states out ofthe 
128 Kbyte of static RAM with on-board battery 
backup, installed on the CPU-4VC. 8 sockets for 
JEOEC compatible devices offer a maximum of 512 
Kbyte of EPROM capacity. A 4-channel OMA con­
troller, a serial I/O channel (RS232 compatible with 
X.25, HOLC and SOLC protocols), a Real Time 
Clock (with battery backup), a parallel interface, a 
socket for an additional Floppy Disk Controller and 
the four-level VMEbus arbiter are installed the 
board. 

1.5.4 CPU-5A 
A 16.7MHz 68000 CPU is installed on the CPU-5A. 
Zero wait state operation at 16.7MHz is provided 
using the 128 Kbyte on-board static RAM. Fast 
Floating Point operation is performed using the 
68881 Co-Processor (16.7MHz). The four-channel 
OMA Controller is connected to the two serial I/O 
channels which are built with two Multi Protocol 
Communications Controllers offering various pro­
tocols (X.25,SOLC, HOLC, IBM format etc.) and a 
software programmable baud rate (110 to 38400 
Baud, 4MHz transfer rate in synchronous mode). 
The-primary VMXbus interface enables the board to 
be used in high end multiprocessor applications. 
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CPU Board Comparisons 

CPU-2VC CPU-4VC CPU-5A CPU-6VB 

CPU 68010 68010 68000 68010 
Clock Frequency 10MHz 12.5MH 16.7MHz 12.5MHz 
Floating Point - - 68881 68881 
Clock Frequency - - 16.7MHz 12.5MHz 
DMA Controller - 68450 68450 -
Clock Frequency - 8MHz 8MHz -
Memory DRAM (DPR) SRAM SRAM DRAM 
Capacity 1 Mbyte 128 Kbyte 128 Kbyte 512Kbyte 
No. of Wait States 3 0 0 1 
Serial 1/0 Device(s) 68561 68561 68561 6850 
No. of Channels 1 1 2 3 
EPROM Capacity 32 Kbyte 512 Kbyte 256 Kbyte 256 Kbyte 
ParaliellnterfacefTimer 68230 68230 68230 68230 
Real Time Clock 58167 58167 - 58167 
Battery Backup No Yes - Yes 
Floppy Disk Controller WD1770 - - -
StatusLEDs 8 8 6 -
Software Programmable 
IRQ Level No No Yes No 
IRQ Vectors No Yes Yes No 

The choice of the CPU used in the system depends between the different hardware configurations are 
on the application of the target system or on the listed in the next chapter. 
requirements in the system's use. Benchmarks 
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2.0 POOS* Operating 
System Overview 
The SYS68K1PDOS* is a powerful mUlti-user, multi­
tasking, Real Time Operating System. PDOS* con­
sists of a small real time kernel (6 Kbyte) which pro­
vides synchronisation and control of events occur­
ring from the hardware using semaphores, events, 
messages, mailboxes and suspension primitives. 
The file management module supports named file 
access with sequential, random and shared access­
es. The details of the PDOS functions are listed 
below: 

2.1 POOS Kernel 
PDOS is written in assembly language for fast, effi­
cient execution. The small kernel provides multi­
tasking, Real-Time Clock, event processing, and 
memory management functions. Ready tasks are 
scheduled using a prioritized, round-robin method. 
The line A exception vector is used to interface over 
74 system primitives to a user task. 
Multi-Tasking Execution Environment: Tasks are 
the components comprising a real-time applica­
tion. Each task is an independent program that 
shares the processor with other tasks in the sys­
tem. Tasks provide a mechanism that allows a 
complicated application to be subdivided into sev­
eral independent, understandable, and manage­
able modules. Real-time, concurrent tasks are allo­
cated in 2 Kbyte increments. The task system over­
head is 1 .25 Kbyte. 

2.2 Intertask Communication & 
Synchronization 
Semaphores and events provide a low overhead 
facility for one task to signal another. Events can be 
used to indicate availability of a shared resource, 
timing pulses, or hardware interrupt occurrences. 
Messages and mailboxes are used in conjunction 
with system lock, unlock, suspend, and event 
primitives. PDOS* provides timing events that can 
be used in conjunction with desired events to pre­
vent system lockouts. Other special system events 
signal character inputs and outputs. 

2.3 Memory Requirements 
PDOS* is very memory efficient. The PDOS* kernel, 
file manager, and user monitor utilities require only 
16 Kbytes of memory plus an additional 4 Kbytes 
for system buffers and stacks. Further memory 
reduction can be achieved by linking the user 
application to a 4 Kbyte PDOS* kernel for a small, 
ROMable, standalone, multi-tasking module. A 
fast, 16 Kbyte scientific oriented BASIC interpreter 
with real-time primitives provides interactive high 
level language support as well. 

2.4 File Management 
The PDOS* file management module provides se­
quential, random, read only, and shared access to 
named files on a secondary storage device. These 
low overhead file primitives use a linked, random 
access file structure and a logical sector bit map for 
allocation of secondary storage. No file compac­
tion is ever required. Files are time stamped with 
date of creation and last update. Up to 32 files can 
be simultaneously opened. Complete device inde­
pendence is achieved through read and write logi­
cal sector primitives. 

2.5 Command Line Interpreter 
A resident command line interpreter allows multiple 
commands to be entered on a single line. Com­
mand utilities such as append, define, delete, copy, 
rename, and show file are also resident and can be 
executed without destroying current memory pro­
grams. Other functions resident in the monitor in­
cluded setting the baud rate of a port, checksum­
ming memory, creating tasks, listing tasks, files 
and open file status, asking for help, setting file 
level, file attributes, interrupt mask, and system 
disk, and directing console output. 

2.6 Interrupt Management 
The PDOS* kernel handles user console, system 
clock, and other designated hardware interrupts. 
User consoles have interrupt driven character I/O 
with type ahead. A task can be suspended pending 
a hardware or software event. PDOS* will switch 
control to a task suspended on an external event 
within 100 microseconds after the occurrence of 
the event (provided the system mask in high 
enough). Otherwise, a prioritized round-robin 
scheduling of ready tasks occurs at 10 millisecond 
intervals. 

2.7 Support Tools 
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Numerous support utilities including virtual screen 
editors, assembler, linker, macroprocessor, disk 
diagnostics, link, and recovery, disk cataloging are 
standard. Single stepping, multiple break points, 
memory snap shots, save and restore task com­
mands, and error trapping primitives are provided 
in all languages to aid in program debugging. 
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2.8 Language Support 
The following languages are available under POOS*: 

Assembler: A macro assembler with the full 68000/6801 0/68020 instruction set is included in the 
POOS* system. 

BASIC: The Standard Oartmouth Basic (Interpreter) with several enhancements such as program 
debugging, inter-task communication and real time support are included. 

C: A complete implementation of the C-Ianguage as defined by Kernighan and Ritchie. 
Extensions include most of the POOS primitives to support the real time features of POOS. 

FORTRAN 77: Full 1977 ANSI Version of the FORTRAN language. 

PASCAL: Superset of the ISO Pascal Standard. The standard Pascal is enhanced with parallel 
processing capabilities from Modula. 
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3.0 System Configurations 
Five different development systems built around 
the four CPU boards are available as standard con­
figurations. 
The following list of the systems shows all the differ­
ences, and the benchmarks of the PDOS running on 
these configurations are intended to select between 
the development systems. 

miniFORCE miniFORCE 
2P2 2P4 

Processor 68010 68010 
Frequency 10MHz 12.5MHz 
68881 FPCP No No 
68450DMAC No Yes 
Local RAM Type DRAM SRAM 
Battery Back-up No Yes 
Capacity 1 Mbyte 128 Kbyte 
No. of Wait 3 0 States 
VMEbusDRAM DPRof 2 Mbyte 
Capacity CPU-2VC 
Serial 1/0 7 7 
Channels 
Winchester Disk 51 Mbyte 51 Mbyte (unformatted) 
Floppy Disk 1 Mbyte 1 Mbyte (unformatted) 
Real Time Clock Yes Yes 
Battery Back-up No Yes 
Parallel Interface Yes Yes 
Primary VMXbus No No Interface 
UsedVME CPU-2VC CPU-4VC 
Boards DRAM-2 

S10-1 S10-1 
WFC-1 WFC-1 

Special configurations such as systems with expan­
ded winchester capacity are available on request. 
The miniFORCE 2 series consists of as much as 6 
free VME slots for application dependent 1/0 boards 
or for memory expansion. 

miniFORCE miniFORCE miniFORCE 
2P5 2P6 2P61 

68000 68010 68010 
16.7MHz 12.5MHz 12.5 MHz 

Yes Yes Yes 
Yes No No 

SRA[I!1 DRAM DRAM 
No No No 

128 Kbyte 512 Kbyte 512 Kbyte 

0 1 1 

2 Mbyte 512 Kbyte 512 Kbyte 

8 3 3 

51 Mbyte 51 Mbyte 175 Mbyte 

1 Mbyte 1 Mbyte 1 Mbyte 

No Yes Yes 
No Yes Yes 
No Yes Yes 

Yes No No 

CPU-5A CPU-6VB CPU-6VB 
DRAM-2 DRAM-1 DRAM-1 

S10-1 
WFC-1 WFC-1 ISCSI-1 

MOTH-09A1E MOTH-09A1E MOTH-09NE MOTH-09NE MOTH-09A1E 
No. of Free Slots 4/6** 3/5* 3/5* 6 6 
PowerSupply PWR-09A PWR-09A PWR-09A PWR-09A PWR-09A 
Mass Memory WFMOD-50 WFMOD-50 WFMOD-50 WFMOD-50 

Housing CHAS CHAS CHAS CHAS CHAS 
19-09/7U 19-09/7U 19-09/7U 19-09/7U 19-09/7U 

Weight max 23 kg (51 Ibs) 
Dimensions 344 mm x 520 mm x 400 mm 

3/5* 3 slots are free if the SIO front panel is installed and 5 slots are unused if the SIO cables are connected 
to the back of the system (user supplied option). 

4/6** 4 slots are free if the SIO front panel is installed and 6 slots are unused if the SIQ cables are connected 
to the back of the system (user supplied option). . 
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Benchmark 

mini FORCE miniFORCE miniFORCE miniFORCE 
2P2 2P4 2P5 2P6 

10.000.000 Nops 23.31 s 10.50s 8.18s 12.70s 
100.000 Context Switches 16.32 s 6.85s 5.32s 9.00s 
100.000 Read time of day 30.69s 14.38s 11.72 s 17.97s 
100.000 Set System event 20.01 s 8.47s 6.62s 11.03 s 
100.000 Test System event 11.47s 4.81 s 3.73s 6.33s 
100.000 Resource allocations 42.33s 17.86s 14.11 s 23.25s 
100.000 Send and Receive 81.1 0 s 36.50s 34.76s 46.58s 64 bytes 
1 00.000 Task 86.63s 36.39s 28.83s 47.57s Synchronisations 
100.000 Lock and Unlock file 70.90s 30.34s 23.91 s 40.00s 
100.000 10-byte 83.49 s 36.23s 28.71 s 47.41s record rereads 
Overall Performance 0.97s 2.24s 2.73s 1.75s 

Ordering Information 

System Configuration including PDOS 

miniFORCE2P2 
Part No. 620620 

miniFORCE 2P4 
Part No. 620640 

mini FORCE 2P5 
Part No. 620650 

miniFORCE 2P6 
Part No. 620660 

mini FORCE 2P61 
Part No. 620662 

SYS68K1PDOS-UM 
Part No. 800031 

SYS68K1SI0-1 LC 
PartNo.310014 

Language Support for PDOS 

SYS68K1PDOS-PAS 
Part No. 140020 

SYS68K1PDOS-C 
Part No. 140030 

SYS68K1PDOS-FOR 
Part No. 140040 

PDOS' ~ystem with CPU-2VC and documentation 

PDOS' system with CPU-4VC and documentation 

PDOS' system with CPU-5A and documentation 

PDOS' system with CPU-6VB and documentation 

PDOS' system with CPU-6VB, 170 Mbyte SCSI disk and 

Software User's Manual for the PDOS Operating System 
including BASIC Documentation 

Long cable set (6pcs a 50cm) for connection of the 
6 SIO channels to the back of the system 

PASCAL-Compilerfor PDOS inclusive documentation 

C-Compiler for PDOS inclusive documentation 

FORTRAN-77 Compiler for PDOS inclusive documentation 
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System 68000 VME 

n1 I n 11fC':=' [f 2 P 21 

• PDOS Real Time Operating System 
• Advanced VMEbus architecture 
• Fast realisation of complex 

applications 
• 3i bit Development/Target system 
• Up to 3.5 MIPS system performance 
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General Description 
The mini FORCE 2P21 multi-user development/tar­
get system for realtime applications is a high per­
formance system at low cost based on the VMEbus. 
A 16,7 MHz 68020 CPU is used on the SYS68K1 
CPU-21 offering a real computing power of 2.5 to 
3.5 MIPS running without wait states out of the 
512 Kbyte on board static RAM. 
The powerful mUlti-tasking real time operating 
system PDOS' allows efficient and fast software 
development, as well as the testing of the used 
hard and software in the same environment without 
the overhead of an emulator and a host computer. 
The FORTRAN 77 and the C-compiler allow easy 
software development in conjunction with the 
macro assembler. 

1.0 Hardware 
The mini FORCE 2P21 is housed in a 19" enclosure 
which includes three quiet fans for cooling and a 
noise filter (RFI filter) for the fans and the power 
supply. 
For easy installation in 19" cabinets, the complete 
hardware consisting of power supply, mother­
boards and mass storage drives, is mounted in a 
19" rack. The major functions of the different hard­
ware parts are described below: 

1.1 Power Supply PWR-09A 
The PWR-09A is used to power the VM E boards, as 
well as the disk drives. The 280W power supply dri­
ves up to 9 VME boards and offers a maximum 
drive capacity of 36 Amps at +5V. 

1.2 Motherboard MOTH-09A and MOTH-E09A 
The VMEbus motherboard allows the interconnec­
tion of up to 9 VMEbus-based boards 8, 16 and 32 
bit data transfers are supported. 

1.3 Mass Memory WFMOD-50 
The Winchester Floppy module includes a high 
speed, half height winchester (35 ms average ac­
cess time) as well as half height 1 Mbyte floppy 
disk. All drives (5 1/4') are included in a. cassette 
which is mounted in the 19" rack near to the power 
supply. 
The following table lists the fea.tures of the 
WFMOD-50 module used in the miniFORCE 2P21 
and 2P21A. The disk capacity of the 2P21 S confi-
guration is 25 Mbyte. . 
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WFMOD-50 

Winchester capacity 
unformatted 51.0 Mbyte 
formatted 39.2 Mbyte 

Average Access Time 35ms 
including head settling Time 
MTBF 11000 h 

Floppy capacity 
unformatted 1.0 Mbyte 
formatted 0.8 Mbyte 

MTBF 10000 h 

1.3.1 Mass Memory WFMOD-175 
The Winchester Floppy module includes a high 
speed Winchester (30 ms average access time) as 
well as half height 1 Mbyte floppy disk. All drives 
(51/4") are included in a cassette which is mounted 
in the 19" rack near the power supply. 
The following table lists the WFMOD-175 module: 

WFMOD-175 

Winchester capacity 
unformatted 175.0 Mbyte 
formatted 133.0 Mbyte 
(256 byte/sector) 

Average Access Time 28 ms 
MTBF 20000 h 

Floppy capacity 
unformatted 1.0 Mbyte 
formatted 0.8 Mbyte 

Average Access Time 94 ms 
MTBF 10000 h 

1.4 The CPU-board CPU-21 
The powerful SYS68K1CPU-21 is used as the pro-
cessor board in the mini FORCE 2P21. Zero wait 
state operation at 16.7 MHz is performed using the 
512 Kbyte static RAM. The computing power is in 
the range of 2.5 to 3.5 MIPS. 
The on-chip cache of the 68020 CPU is fully sup-
ported in the real time operating system and peaks 
the throughput at cache only cycles to as much as 
5 MIPS. 
A Floating Point Co-Processor with 16.7 MHz clock 
frequency is provided on the board to allow effi­
cient execution of user supplied programs. 
On the miniFORCE 2P21 S the SYS68K1CPU-21 S 
running at 12.5 MHz with zero wait state is used. 
The most powerful system the miniFORCE 2P21A 
uses the SYS68K1CPU-21A working at 20MHz in 
zero wait state operation. 
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Features of the SYS68K1CPU-21 
• 68020 CPU with a clock frequency of 16.7 MHz 
• 68881 Floating Point Co-Processor (16.7 MHz) 
• Two 68561 Multi-Protocol Communication 

Controllers for Serial I/O (one RS232 and one 
RS232/RS422 compatible interface) 

• 68230 Parallel Interface and Timer for local con­
trol, interrupt level control and timer function 

• 68153 Bus Interrupter Module for all local inter­
rupts 

• 512 Kbyte of zero wait state static RAM via the 
FLME interface Qumper selectable access ad­
dress) 

• 4 Sockets for EPROMs (32-bit wide) for 8K x 8 to 
64K x 8 organised devices. 

• 4 Sockets for EPROMs/SRAMs (32-bit wide) for 
8K x 8 to 64K x 8 organized devices. 

• Maximum capacity: 

EPROM SRAM Comment 

512 Kbyte 0 only EPROM 
256 Kbyte 128 Kbyte EPROM and SRAM 

• Fully buffered local address data and control 
bus 

• VMX Primary Master Interface (32-bit wide) 
• IEEE 1014 interface supporting unaligned trans-

fer (32-bit) 
• Single level bus arbiter 
• Software selectable bus release functions (6) 
• Interrupt handler (1-7 static) 
• Bus Timer for BERR generation on local bus, 

VME/P1 014 bus and VMXbus 
• Power Fail Detector and RESET generator 
• RESET and ABORT switch 
• RUN/HALT switch 
• CACHE enable/disable switch 
• RUN/HALT/Bus Master/SRAM Access and 

Wait State indication LEDs 
• VMEPROM is included 

Different features of the SYS68K1CPU-21 S 
• 68020 CPU with a clock frequency of 12.5 MHz 
• 68881 Floating Point Coprocessor (12.5 MHz) 

Different features of the SYS68K1CPU-21A 
• 68020 CPU with a clock frequency of 20 MHz 
• 68881 Floating Point Coprocessor of 20 MHz 

1.5 Mass Memory Interface WFC-1 
The WFC-1 board controls the winchester as well 
as the floppy disk drive (5 1/4 "). It contains an error 
detection and correction circuit as well as a 2 Kbyte 
sector buffer. The sector buffer allows the usage of 
the system as a real time target system because 
data can not be lost during transfers to/from the 
WFC-1. Full asynchronous operation is performed 
through the flexible interrupt scheme on the board. 

1.5.1 Mass Memory Interface ISCSI-1 
The ISCSI-1 is a VMEbus based intelligent control­
ler board. It supports Winchester, floppy drives and 
each type of SCSI-bus based devices. The inter­
faces to the Mass Memory devices are the SCSI 
bus and the SA460 inteface. The connected Win­
chester must have a SCSI Interface and the floppy 
a SA460 compatible interface. The board contains 
hashing buffers which are included on the 128 
Kbyte dual ported RAM. 
Intelligent commands control the Mass Memory 
devices. The on-board 68010 and the handling 
firmware control the SCSI interface and the SA460 
interface after the host command is given. 
The ISCSI-1 board is included on the miniFORCE-
2P21AI system configuration by default. All other 
configurations contain the WFC-1 but they can be 
delivered with the ISCSI-1 on request. 

2.0 Preferred VMEbus Boards for system 
extension 

The miniFORCE 2P21 is a full 32 bit VMEbus based 
system and provides the maximum throughput if 
the processor runs within the local SRAM. A mem­
ory extent ion of the 512 Kbyte RAM can be made 
via a SRAM-22 board or via global memory boards 
on the VMEbus. 
For systems where global memory has to be used, 
a 32 bit memory board is the best solution to im­
prove throughput and execution speed. 
Additional memory is automatically detected and 
used by the PDOS operating system if it is conti­
nuous to the local memory. 
Additional I/O channels are supported through the 
S10-2 board as well as through the advanced sys­
tem control unit ASCU-1 /2. 
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3.0 PDOS* Operating System Overview 
The SYS68K1PDOS' is a powerful mUlti-user, 
multi-tasking, Real Time Operating System. PDOS' 
consists of a small real time kernel (6 Kbyte) which 
provides synchronisation and control of events oc­
curring from the hardware using semaphores, 
events, messages, mailboxes and suspension pri­
mitives. 
The file management module supports named 
file access with sequential, random and shared 
accesses. 



3.1 POOS Kernel 
POOS' is written in assembly languageforfast, effi­
cient execution. The small kemel provides multi­
tasking, Real-Time Clock, event processing, and 
memory management functions. Ready tasks are 
scheduled using a prioritized, round-robin method. 
The line A exception vector is used to interface over 
74 system primitives to a user task. 
Multi-Tasking execution environment: Tasks are 
the components comprising a real-time applica­
tion. Each task is an independent program that 
shares the processor with other tasks in the system. 
Tasks provide a mechanism that allows a compli­
cated application to be subdivided into several 
independent, understandable, and manageable 
modules. Real-time, concurrent tasks are allocated 
in 2 Kbyte increments. The task system overhead 
for each task is only 1.25 Kbyte. 

3.2 Intertask Communication 
& Synchronization 

Semaphores and events provide a low overhead 
facility for one task to Signal another. Events can be 
used to indicate availability of a shared resource, 
timing pulses, or hardware interrupt occurrences. 
Messages and mailboxes are used in conjunction 
with system lock, unlock, suspend, and event pri­
mitives. POOS' provides timing events that can be 
used in conjunction with desired events to prevent 
system lockouts. Other special system events 
signal character inputs and outputs. 

3.3 Memory Requirements 
POOS' is very memory efficient. The POOS' kernel, 
file manager, and user monitor utilities require only 
16 Kbyte of memory plus an additional 6 Kbyte for 
system buffers and stacks. Further memory reduc­
tion can be achieved by linking the user application 
to a 6 Kbyte POOS' kernel for a small, ROMable, 
standalone, multi-tasking module. 

3.4 File Management 
The POOS' file management module provides se­
quential, random, read only, and shared access to 
named files on a secondary storage device. These 
low overhead file primitives use a linked, random 
access file structure and a logical sector bit map for 
allocation of secondary storage. No file compac­
tion is ever required. Files are time stamped with 
date of creation and last update. Up to 32 files can 
be simultaneously opened. Complete device inde­
pendence is achieved through read and write logi­
cal sector primitives. 

3.5 Command line Interpreter 
A resident command line interpreter allows multiple 
commands to be entered on a single line. Com­
mand utilities such as append, define, delete, copy, 
rename, and show file are also resident and can be 
executed without destroying current memory pro-
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grams. Other functions resident in the POOS' mo­
nitor include setting the baud rate of a port, check­
summing memory, creating tasks, listing tasks, 
files and open file status, asking for help, setting file 
level, file attributes, interrupt mask, and system 
disk, and directing console output. 

3.6 Interrupt Management 
The POOS' kemel handles user console, system 
clock, and other designated hardware interrupts. 
User consoles have interrupt driven character I/O 
with type ahead. A task can be suspended pending a 
hardware or software event. POOS' will switch con­
trol to a task suspended on an external event within 
100 microseconds after the occurrence of the 
event (provided the system mask is high enough). 
Otherwise, a prioritized round-robin scheduling of 
ready tasks occurs in 10 millisecond intervals. 

3.7 Support Tools 
Numerous support utilities including virtual screen 
editors, assembler, linker, macroprocessor, disk 
diagnostics, link, and recovery, disk cataloging are 
additional standard functions in the POOS'. Single 
stepping, multiple break points, memory snap 
shots, save and restore task commands, and error 
trapping primitives are provided for program de­
bugging. 

3.8 Language Support 
The following languages are available under 
POOS': 

Assembler: A macro assembler with the 
full 68020 instruction set is 
included in the POOS' system. 

C: Acomplete implementation of 
the C-Ianguage as defined by 
Kernighan and Ritchie is avail-
able as an option. Extensions 
include most of the POOS 
pnmitives to support the real 
time features of POOS. 

FORTRAN77: Full ANSI 77 Version of the 
FORTRAN language is available 
as an option. 

PASCAL: Full JensenlWirth implemen-
tation of the ISO PASCAL 
standard is under development. 
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4.0 System Configuration 
The basic configuration of a 32 bit development 
system is realised in the miniFORCE 2P21 Real 
Time System. 
The miniFORCE 2P21 consists of 6 unused VME 
slots for application dependent 1/0 boards or 
memory expansion. 

System Configurations 

Processor 
Frequency 
Floating point CoProcessor 
Frequency 
Local RAM Type 
Capacity 
No. of Wait States 
Data Transfer Size 

Serial 1/0 Channels 
RS232 
RS422 

Winchester Disk unformatted 
Floppy Disk unformatted 
VMEbus Interrupt Handler 
Single Level Arbiter 
Primary VMXbus 
Interface 

VMEbus Interface 

UsedVME Boards 

No of Free Slots 
Power Supply 

Mass Memory 
HO!Jsing 

Weight 
Dimensions 

Operating Temperature 
Relative Humidity 

miniFORCE 
2P21 

68020 
16,7MHz 
68881 
16,7MHz 
SRAM 
512 Kbyte 
o 
8,16,24and 
32 Bit 
2 
1 + 1 
1 
51 Mbyte 

1 Mbyte 
1-7 dyn. 
Yes 

A24:D8,D16, 
D24,D32 

A32:D8,D16, 
D24,D32 

A24:D8,D16, 
D24,D32 

A16:D8,D16, 
D24,D32 

CPU-21 
WFC-1 
MOTH-09A 
MOTH-E09A 
6 
PWR-09A 
36Aat 5V 
WFMOD-50 
19" 

All 6 unused slots are supported from the included 
power supply. 
Special configurations including additional 
boards are available on request. 

miniFORCE 
2P21S 

68020 
12,5MHz 
68881 
12,5MHz 
SRAM 
512 Kbyte 
o 
8,16,24and 
32 Bit 
2 
1 + 1 
1 
25 Mbyte 

1 Mbyte 
1-7 dyn. 
Yes 

A24:D8,D16, 
D24,D32 

A32:D8,D16, 
D24,D32 

A24:D8,D16, 
D24,D32 

A16:D8,D16, 
D24,D32 

CPU-21S 
WFC-1 
MOTH-09A 
MOTH-E09A 
6 
PWR-09A 
36Aat5V 
WFMOD-20 
19" 

miniFORCE 
2P21A 

68020 
20MHz 
68881 
20MHz 
SRAM 
512 Kbyte 
o 
8,16,24 and 
32 Bit 
2 
1 + 1 
1 
51 Mbyte 

1 Mbyte 
1-7 dyn. 
Yes 

A24:D8,D16, 
D24,D32 

A32:D8,D16, 
D24,D32 

A24:D8,D16, 
D24,D32 

A 16:D8,D16, 
D24,D32 

CPU-21A 
WFC-1 
MOTH-09A 
MOTH-E09A 
6 
PWR-09A 
36Aat5V 
WFMOD-50 
19" 

max 23kg (51 Ibs) 
344 mm x 520 mm x 400 mm 

5-45°C 
5-85 % (non condensing) 
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2P21AI 

68020 
20M Hz 
68881 
20MHz 
SRAM 
512 Kbyte 
o 
8,16,24and 
32 Bit 
2 
1 + 1 
1 
175 Mbyte 

1 Mbyte 
1-7 dyn. 
Yes 

A24:D8,D16, 
D24,D32 

A32:D8,D16, 
D24,D32 

A24:D8,D16, 
D24,D32 

A 16:D8,D16, 
D24,D32 

CPU-21A 
ISCSI-1 
MOTH-09A 
MOTH-E09A 
6 
PWR-09A 
36Aat5V 
WFMOD-175 
19" 
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System Benchmarks 

miniFORCE miniFORCE miniFORCE 
2P21 2P21S 2P21A 

100.000 Bench BIAS 0.05s 0.06s 0.04s 
100.000 Task Rescheduling 3.68s 4.94s 3.15 s 
100.000 Set System Event 1.88s 2.56s 1.62s 
100.000 Set Event w/Rescheduling 4.38s 5.88s 3.78s 
100.000 Change Task Priority 2.99s 3.86s 2.47s 
100.000 Read Time of Day 1.87 s 2.32s 1.63s 
100.000 Send and Receive 64 Bytes 17.39s 23.46s 14.86s 
100.000 Send and Receive 4 Bytes 4.96s 6.97s 4.35s 
100.000 Resources Allocutions 6.71 s 9.01 s 5.74s 
100.000 Task Synchronisations 19.66s 26.49s 16.86s 

The benchmarks are performed with CPU-21/CPU-21S/CPU-21A at 16,7/12,5/20MHz processor clock 
frequency and cache enabled. In addition one background task is running by default in the PDOS system. 

Ordering Information 

System Configuration 

miniFORCE 2P21 
Part No. 620700 

miniFORCE 2P21 S 
Part No. 620710 

miniFORCE2P21A 
Part No. 620720 

miniFORCE2P21AI 
Part No. 620722 

SYS68K1PDOS-U M/21 
Part No. 800031 

Language support 

SYS68K1PDOS-C020 
Part No. 140031 

SYS68K1PDOS-FOR020 
Part No. 140041 

SYS68K1PDOS-PAS020 
Part No. 140021 

PDOS System with CPU-21 and documentation 

PDOS System with CPU-21 S and documentation 

PDOS System with CPU-21 A and documentation 

PDOS System with CPU-21 A, ISCSI-1 and documentation 

Software Users Manual for the PDOS Operating System 

C-Compiler for PDOS inclusive documentation 

FORTRAN-77 Compiler for PDOS inclusive documentation 

PASCAL Compiler for PDOS inclusive 
Documentation 
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Extensions 

SYS68K1SRAM-22 
Part No. 201 000 

SYS68K1SRAM-22S 
Part No. 201 040 

SYS68K1SRAM-22A 
Part No. 201 01 0 

SYS68K1DRAM-E3M1 
Part No. 200004 

SYS68K1SI0-2 
Part No. 31 0004 

SYS68K1 ASCU-2 
Part No. 700007 

Zero Wait State 512 Kbyte static RAM extention for CPU-21 

Zero Wait State 512 Kbyte static RAM extention for CPU-21 S 

Zero Wait State 512 Kbyte static RAM extention for CPU-21 A 

1 Mbyte 32-bit VMEbus dynamic RAM board including 
documentation 

6 channel serial 1/0 board including documentation 

System Control Unit including IEEE488, 1 serial 1/0 and one 
Parallel Interface. Documentation included 
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microFORCE 1A 

System 68000 VME 
nlu:r u ~~[E , R 

• Compact UNIX development system 
• Flexible configuration 
• VMEbus based 
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General Description 
The microFORCE 1A series is a low cost VMEbus­
based configuration which incorporates all the nes­
essary hardware components including mass 
memory drives for the powerful UNIX' SYSTEM V 
operating system. 
All VME modules which are required to run the mul­
tiuser, timesharing, multitasking, powerful UNIX' 
SYSTEM V are housed in a 3H E 19" rack enclosure. 
The microFORCE 1A is an open system and the re­
configuration rights are included. Therefore, the 
free slot can be used for the implementation of 
additional controllers. 

The Hardware 

microFORCE 1A 
• 68010 (10M Hz) based CPU 
• Global memory 2 Mbyte 
• 128 Kbyte on CPU board 

no-wait-state static RAM 
• Four serial I/O channels 

- two users ports 
- printer port 
- communication port 

• Winchester Disk 51 Mbyte 
35ms average access time 

• Floppy Disk 1 Mbyte 
• One free VM Ebus slot 
• 160W power supply which 

supports fully populated system 
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The Software 

1. UNIX* System V Release 2 
The popular multiuser timesharing mUlti-tasking 
operating system UNIX' V is implemented. Both 
systems offer all the features known to UNIX' and 
include the C-compiler, 68000 assembler, F77 
compiler, and screen editor. Additional high level 
languages such as Pascal are optional. 
The systems contain sufficient memory and disk 
memory capacity (2/51 Mbyte) to allow efficient 
multiuser operation. 
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Comparisons 
The following table of benchmarks running under 
UNIX* shows the micro FORCE 1 A. 

Benchmark 

Pipes 

System Call 

C-compile of pipes, C 

Multishell 

Specifications 

CPU (68010): 
MMU (68451): 
DMA (68450): 
Serial 1/0 (RS232): 
Real Time clock 
with battery back-up: 
Cache (no wait states) 
Global Memory with parity: 
Floppy (SA450): 
Winchester (ST506): 
Case: 
Power supply: 
Power requirements: 
Cooling: 
Overall dimensions: 
Operating Temperature 
Relative Humidity 

Ordering Information 

microFORCE 1 A 
Part No. 630005 

microFORCE 1N2/UM 
Part No. 800113 

SYS68K1UNIX-PAS 
Part No. 150005 

Real 

4.9s 

6.2s 

20.8s 

15.2s 

microFORCE 1A 
10MHz 
10MHz 
10MHz 
4 channels 

Yes 
128 Kbyte 
2 Mbyte 
1 Mbyte 
51 Mbyte 

microFORCE-1 A 

User 

Os 

0.5s 

6.7s 

3.9s 

19" enclosure with 5-slot VMEbus motherboard 
160W for up to 5 VM Ebus boards 
11 0/220V at 50-60 Hz 
210w noise fans on the backside 
W/H/D: 471 mm x 147mm x462mm 
5-40degr.C 
5-85% (non condensing) 

VMEbus-based system UNIX* System V 
operating system including FORTRAN 77 Compiler 
and appropriate documentation 

User's Manual for microFORCE 1A 

PASCAL Compiler including documentation 
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System 

2.2s 

5.6s 

8.8s 

8.1 s 
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System 68000 VME 

n, I U"" ~ ~1r[E 2 
• Flexible, expandable VMEbus system 
• UNIX SYSTEM V operating system 
• Multiuser configuration 
• 85 Mbyte Winchester 
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General Description The Software 

UNIX· System V Release 2: 
The micro FORCE 2 is a VMEbus-based computer 
system which incorporates the hardware and soft­
ware to perform efficient software development 
under UNIX' for 68000-based applications. 
The application field of the microFORCE 2 includes 
software development systems, intelligent work­
stations, and emulation workstations for VMEbus 
target systems. 

The Hardware 

The popular timesharing multiuser multitasking 
operating system UNIX SYSTEM V is used on the 
microFORCE 2. This system offers all the features 
known from UNIX and the standard system in­
cludes the FORTRAN 77 and C-compiler, 68000 
assembler, reconfiguration rights and screen editor. 
Additional high level languages, such as Pascal are 
optionally available. 

The microFORCE 2 system is housed in a 19" rack 
and cabinet including 9 VMEbus slots and all utili­
ties such as power supply, power cable and switch­
es, fans and noise filter (RFI filter). 

The system contains fast memory and 85 Mbyte 
disk capacity to allow efficient multiuser operation 
for up to 6 users. 

The hardware features of the microFORCE 2 
include: 
• Powerful 6801 O-based CPU 
• 128 Kbyte of no-wait-state static RAM 
• Main memory with 2 Mbyte and parity check 
• 7 RS232C-compatible serial 1/0 ports 
• Winchester disk with 85 Mbyte capacity 
• Floppy disk with 1 Mbyte capacity 
• 3/4 free VMEbus slots 
• 280W power supply which supports fully popu­

lated systems 

Specifications 

CPU: 
MMU: 
DMA: 
Serial 1/0: 
Real Time Clock 
Cache: 
Global Memory: 
Floppy: 
Winchester: 
Case: 
Power Supply: 
Power Requirements: 
Cooling: 
Overall Dimensions: 
System Configuration: 

Operating Temperature 
Relative Humidity 

68010(10MHz) 
68451 (10 MHz) 
68450 (1 0 MHz) 
7 channels (RS232-compatible) 
58167 with battery backup 
128 Kbyte (no-wait-state operation) 
2 Mbyte (with byte parity) 
1 Mbyte (5 1/4") slim line 
85 Mbyte (51/4") 25ms average access time 
19" enclosure with 9-slot VMEbus motherboard 
280Wforupt09VMEbusboards 
11 0/220V at 50-60Hz 
2 low noise fans on the back side 
W/H/D 520mm x 340mm x 400mm 
SYS68K1CPU-3VB, SYS68K1DRAM-2, 
SYS68K1SI0-1 , SYS68K1WFC-1 
5-40deg.C 
5-85% (non condensing) 
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Ordering Information 

micro FORCE 2 
Part No. 63001 0 

microFORCE-1 N2/UM 
Part No. S00113 

SYS6SKlUNIX-PAS 
Part No. 150005 

VMEbus-based system with UNIX· SYSTEM V 
operating system including documentation 

User's Manual for the micro FORCE 2 

PASCAL Compiler including documentation 
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SYS68K/PDOS' System 21 

PDOS· System 21 
• 68020 Real Time System 
• 12 slot VME chassis 
• 175 Mbyte Winchester 
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• 

PDDS' is a trademark of Eyring Research Institute 
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General Description 

The FOCUS 32 series .of products are full 32 bit 
target and develapment systems based an the 
VMEbus. 
All the serial 110 cammunicatians ta the terminals .or 
hast camputers as well as the mass memary device 
cantral are made via intelligent cantroller baards. 
The PDOS· System 21 cansists .of a high speed pra­
ceSSDr baard featuring a 68020 CPU (20 .or 25 MHz) 
running canstantly with aut the insertian .of wait 
states aut .of 1 Mbyte static RAM. 
Flaating paint aperatians are supparted via the 
Flaating Paint Ca-Pracessar 68881 (20 MHz) in­
creasing the thraughput .of the system. 
A cDnstant camputing rate .of 3 tD 5 millian instruc­
tians per secand is available far the user .of the Real 
Time Operating System PDOS· . 
The multi-user multi-tasking .operating system fea­
tures lawest .overhead for task switching in cDmbi-

Photo of the PDOS' System 21 
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natian with an ultra fast exceptianl interrupt hand­
ling. 
A Centranics parallel and a RS232 serial printer in­
terface as well as a GBIP (IEEE 488) interface are in­
stalled and supparted by the .operating system. 
The 8 serial 110 channels fDr cDnnectian .of user ter­
minals are cantrDiled by a separate 68010 praces­
sor exanerating the Main Central Pracessing Unit 
fram I/O handling. 
Maximum data throughput tD the hard disk and the 
flappy disk drive is pravided through the Intelligent 
SCSI cantraller baard featuring a 128 Kbyte data 
puffer far hashing and caching. A lacal 68010 CPU 
and a DMA cantraller .offer a data thraughput .of 1.5 
Mbyte per secand ta the installed 170 Mbyte hard 
disk. 
The PDOS· System 21 .offers 12 dauble-height 
VMEbus slats where 6 slats are used and 6 slats 
are left .open far applicatian dependent extensiDns. 
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1. Features ofthe POOS' System 21 

1.1 Main Processor 
- 20MHz 68020 (PDOS' System 21A) or 

25 MHz 68020 (POOS' System 21 B) 
- 8 EPROM sockets providing a maxi­

mum capacity of 512 Kbyte 
- Full 32 bit address and data path for 

all memory accesses (SRAM, EPROM 
and global RAM) 

1.2 Floating Point Arithmetic 
- Full IEEE P754 draft 10.0 compatible 

Floating Point Co-Processor installed 
(FPCP 68881 with 20 MHz) 

1.3 Main Memory 
- 1 Mbyte of high reliable static RAM 
- Zero Wait State operation for all read 

and write transfers of the CPU (20 and 
25 MHz) to the static RAM 

1.4 Mass Storage Controller 
- Intelligent controller built with a 6801 0 

CPU and a 68450 DMA controller 
- Full SCSI compatible interface provi­

ding data transfer rates of up to 
1.5 Mbyte/s 

- Floppy disk interface (SA460 
compatible) 

- Enhanced firmware supporting data 
hashing and caching within the 
128 Kbyte Dual Ported static RAM 

1.5 Mass Storage Media 
- 170 Mbyte SCSI compatible Winche­

ster disk providing a data transfer rate 
of 1.5 Mbyte/s. Average access time 
of less than 23 ms 

- 1 Mbyte floppy disk drive with SA460 
compatible interface 

1.6 Serial 110 Interfaces 
- 8 RS232 interfaces controlled via an 

intelligent controller board (local 
68010). Full duplex data transfers on 
all 8 channels at up to 19200 baud. 
128 Kbyte Dual Ported Buffer storage 
area built with SRAMs. 

- 1 RS232 interface acting as the Mas­
ter Console under direct control of the 
main CPU. 

- 1 RS232/422 interface under direct 
control of the main CPU for high 
speed data transfers. 

- All serial I/O ports feature software 
programmable baud rate and 
protocol selection (SDLC, HOLC, 
X.25, Asynchronous, Synchronous). 
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1.7 Oedicated I/O Interfaces 

- 1 serial printer interface (RS232 compatible) with 
software selectable baud rate. 

- 1 Centronics printer interface (parallel). 
- 1 GPIB/IEEE488 interface with talker/listener 

and controllerfunction. 
- 1 RS232/422 link to other computers for up/ 

down-loading of data/programs. 

1.8 System Control Functions 

- 4 level bus arbiter - Round Robin mode 
- Prioritized mode 
- Prioritized Round 

Robin mode 
- Software programmable real-time clock with on­

board battery backup. 
- Watchdog timers for - Arbitration 

- Interrupt Acknowledge 
cycles 

- Standard ReadlWrite 
cycles 

- Power monitor and handling of SYSRESET and 
ACFAIL. 

- Software controlled shutdown of the system. 
- Front panel switches for system RESET and 

ABORT. 
- Front panel indicators for 

POWER ON 
VMEACCESS 
USER MOOE 
MASS STORAGE ACCESS 
SYSFAIL 

- Key switch for main power, removable in ON and 
OFF position. 

1.9 VMEbus Functions 

- 32 address signals 
- 32 data signals 
- 7 interrupt Request signals 
- 4 Level Bus Arbitration 
- 40 Mbyte/s maximum data transfer rate 
- 16 Layer motherboard 

1.10 System Environment 

- 460W power supply 
- 11 0/220 V Input Voltage 
- 2 independent cooling fans 
- 6 VMEbus boards installed 
- 6 VMEbus slots for extensions 
- Oimensions Height 170 mm 

Oepth 540mm 
Breadth 600 mm 
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2. POOS' Operating System Overview 

The SYS68K1POOS* is a powerful multi-user, 
multi-tasking, Real Time Operating System (RTOS). 
POOS' consists of a small real time kernel (6 Kbyte) 
which provides 'synchronization and control of 
events occuring from the hardware using sema­
phores, events, messages, mailboxes and suspen­
sion primitives. 
The file management module supports named file 
access with sequential, random and shared ac­
cesses. The details of the POOS' functions are 
listed below: 

2.1 POOS' Kernel 

POOS' is written in assembly language for fast, effi­
cient execution. The small kernel provides multi­
tasking Real-Time Clock, event processing, and 
memory management functions. Ready tasks are 
scheduled using a prioritized, round-robin method. 
The line A execution vector is used to interface over 
74 system primitives to a user task. 
Multi-Tasking execution environment: Tasks are the 
components comprising a real-time application. 
Each task is an independent program that shares 
the processor with other tasks in the system. Tasks 
provide a mechanism that allows a complicated 
application to be subdivided into several indepen­
dent, understandable, and manageable modules. 
Real-time, concurrent tasks are allocated in 2 Kbyte 
increments. The task system overhead for each 
task is only 1.25 Kbyte. 

2.2 Intertask Communication & Synchronisa­
tion 

Semaphores and events provide a low overhead 
facility for one task to signal another. Events can be 
used to indicate availability of a shared resource, 
timing pulses, or hardware interrupt occurrences. 
Messages and mailboxes are used in conjunction 
with system lock, unlock, suspend, and event pri­
mitives. POOS' provides timing events that can be 
used in conjunction with desired events to prevent 
system outlocks. Other special system events sig­
nal character inputs and outputs. 

2.3 Memory Requirements 

POOS' is very memory efficient. The PDOS' kernel, 
file manager, and user monitor utilities require only 
24 Kbytes of memory plus an additional 4 Kbytes 
for system buffers and stacks. The hardware de­
pendent part takes an additional 8 Kbyte of mem­
ory. Further memory reduction can be achieved by 
linking the user application to a 6 Kbyte POOS' 
kernel for a small, ROMable, standalone, multi­
tasking module. 
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2.4 File Management 

The POOS' file management module provides se­
quential, random, read only, and shared access to 
named files on a secondary storage device. These 
low overhead file primitives use a linked, random 
access file structure and a logical sector bit map for 
allocation of secondary storage. No file compac­
tion is ever required. Files are time stamped with 
date of creation and last update. Up to 32 files can 
be simultaneously opened. Complete device inde­
pendence is achieved through read and write logi­
cal sector primitives. 

2.5 Command Line Interpreter 

A resident command line interpreter allows multiple 
commands to be entered on a single line. Com­
mand utilities such as append, define, delete, copy, 
rename, and show file are also resident and can 
be executed without destroying current memory 
programs. Other functions resident in the POOS' 
monitor include setting the baud rate of a port, 
checksumming memory, creating tasks, listing 
tasks, files and open file status, asking for help, 
setting file level, file attributes, interrupt mask, and 
system disk, and directing console output. 

2.6 Interrupt Management 

The POOS' kernel handles user console, system 
clock, and other designated hardware interrupts. 
User consoles have interrupt driven character I/O 
with type ahead. A task can be suspended pending 
a hardware or software event. POOS' will switch 
control to a task suspended on an external event 
within 100 microseconds after the occurrence ofthe 
event (provided the system mask is high enough). 
Otherwise, a prioritized round-robin scheduling of 
ready tasks occurs in 10 millisecond intervals. 

2.9 Benchmarks of the PDOS* System 21 B 

Type Time 

Sieve 100 iterations 2.77 s 

Ackermann 100 loops 13.98 s 

Fibonacci 100 loops 6.7 s 
Floating point 19.18 s 

Context switch time 20.6 /ks 

Set system event 12.9 /ks 

2.7 Support Tools 

Numerous support utilities including virtual screen 
editors, assembler, linker, macroprocessor, disk 
diagnostics, link, recovery and disk cataloging are 
additional standard functions in the POOS'. Single 
stepping, multiple break points, memory snap 
shots, save and restore task commands, and error 
trapping primitives are provided for program de­
bugging. 

2.8 Language Support 

The following languages are available under 
PO~S': 
Assembler: A macro assembler with the full 

68020 and 68881 instruction set is 
included in the POOS' system. 
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C: A complete implementation of the 
C-Ianguage as defined by Kening-
ham and Ritchie is available as an 
option. Extensions include most of 
the POOS' primitives to support the 
real time features of POOS'. The 
compiler supports 68020 as well as 
the Floating Point Co-Processor 
68881. 

FORTRAN77: Full 1977 ANSI Version ofthe FOR­
TRAN language is available as an 
option. The FORTRAN compiler can 
generate code for the 68000/68010 
or the 68020 with support of the 
68881. 

PASCAL: Full JensenlWirth implementation of 
the ISO PASCAL standard is avail-
able as an option. 

Type Time 

Set system event with 25.2/ks 
context switch 

Change task priority 18.8/ks 

Read time 13.0/ks 

Send and receive 4 bytes 35.8/ks 

Send and receive 64 bytes 117.0/ks 
Task Synchronization 116.1/ks 



3. Hardware Description 

3.1 Main Processor Board 
The 68020 CPU is installed as the main CPU of the 
PDOS· System 21. The 68020 is a full 32 bit pro­
cessor offering a computing power of 2-4 MIPS (20 
MHz) respectively 3-5 MIPS at 25 MHz. 
A high speed static RAM (1 Mbyte) guarantees this 
throughput, because all bus cycles to the RAM of 
the 68020 are executed without the insertion of 
wait states: T~~ 1 Mbyte static RAM guarantees 
highest reliability, data security and throughput 
through the 32 bit data path. 8 EPROM sockets 
also . wit~ a 32 bit data path, allow the storage of 
application dependent programs with a maximum 
size of 512 Kbyte. 
A Floating Point Co-Processor (FPCP 68881) 
supports all floating point instructions with single, 
standard, double and extended precision (80 bit) 
defined in the IEEE P754 draft 10.0. In addition, the 
20 MHz Co-Processor offers 35 arithmetic, trig­
onometncal and logarithmic instructions. 
BLOCK DIAGRAM OF THE SYS68K1CPU-21 B 
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A local timer, included in the PlfT (68230) is used as 
the time base of the operating system. The local 
interrupts coming from the 3 serial I/O interfaces 
and the PlfT can be routed to a free software pro­
grammable level via a special on-board hardware. 
One RS232 compatible serial I/O interface built 
with the multi protocol communication controller 
(MPCC 68561) is used as the master console for 
the PDOS· based system. 
The se?ond serial interface (RS232/422 compatible) 
IS configured for communication to a host computer 
and/or other FORCE systems. Up- and down-load 
programs are installed under the operating system 
to ease installation and usage. 
The third serial 110 interface (RS232 or RS422) can 
be used for high speed data communication to 
other machines using HDLC, SDLC or asynchro­
nous protocols (38400 baud or synchronous data 
rate of up to 2 Mbitis). 
The block diagram of the SYS68K1CPU-21 B 
shows the structure of the board. 
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3.2 Mass Storage Devices 

The PDOS' System 21 contains an intelligent mass 
memory controller board, the SYS68K1ISCSI-1. It 
is built around the 16/32 bit 68010 CPU and the 
68450 four channel DMA controller. Both, the DMA 
controller and the CPU access the 128 Kbyte Dual 
Ported static RAM without the insertion of wait 
states, which guarantee maximum performance. 
The CPU executes the firmware housed in two 
EPROMs constantly without the insertion of wait 
states and provides hashing and caching of data. 
The SCSI bus controller (NCR 5386) and the bus 
driver/receiver chip (NCR 8310) provide a constant 
data transfer rate of 1.5 Mbyte/s together with the 
DMA controller. 
A 5 1/4" Winchester disk with an unformatted ca­
pacity of 170 Mbyte is installed inside the system. 
The data transfer rate of 1.5 Mbyte per second of 
the Winchester and the controller board offers to­
gether with the average access time of 23 ms 
maximum system performance. ' 
The Floppy Disk Controller (WD1772) installed on the 
ISCSI-1 board controls the 51/4" floppy disk drive 
(half height) available on the front side of the system. 
The on-board handling firmware allows copying of 
data from the floppy disk to the Winchester disk or 
to the optionally available streamer without inter­
fering the activities of the main CPU. 

3.3 The Serial I/O Controller 

To redu~e the overhead of the main CPU handling 
the.termlnals or other RS232 devices, an intelligent 
senall/O controller board, the SYS68K1ISI0-1 is in­
stalled in the PDOS' System 21. 

PHOTO OF THE SYS658K/CPU-21 B 

The board is built around the 68010 CPU, running 
constantly without any wait states out of the 
EPROM (128 Kbyte capacity) and out of the Dual 
Buffered Dual Ported RAM. This allows to run on all 
8 serial I/O channels, full duplex at a baud rate of 
19200 baud without loosing any data. Hardware or 
software handshake, various synchronous and 
asynchronous protocols as well as the baud rate of 
each channel are software programmable. 
The 128 Kbyte Dual Ported static RAM allows to 
store the line buffers on the board for each channel 
which reduces the overhead of the VMEbus activi­
ties. 
Single character, a line editor, block moves and 
data conversions are available as standard com­
mands within the firmware of the IS10-1 board. 
The eight RS232 compatible I/O channels are avail­
able on the rear side of the system via 9 pin D-sub 
connectors. 
The following table lists all the supported signals 
per channel: 

PIN Input Output Signal Description 

1 x DCD Data Carrier Detect 
2 x RXD Receiver Data 
3 x TXD Transmit Data 

4 x DTR 
Data Terminal 
Ready 

5 x x GND SignalGND 
6 x x DSR Data Set Ready 
7 x RTS Request to Send 
8 x CTS Clear to Send 
9 - - - Not Connected 
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3.4 The System Control Functions 

All system control functions as well as dedicated 
interfaces are installed on the SYS68K/ASCU-2 at 
slot 1 of the POOS' System 21. 
A serial and a parallel printer interface are installed 
to support Centronics as well as RS232 compatible 
printers. 
The IEEE488 interface allows controlling of indus­
trial measurement machines. The Talker, Listener 
as well as the Controller mode are supported via 
the included software driver and the used 7210 
chip. 
Time and date are stored within the on-board Real 
Time Clock (58167). The battery guarantees cor­
rect operation for more than two years. 
A 4 level bus arbiter provide efficient bus arbitration 
for the main CPU and optional VMEbus boards. To 
avoid system failures, a watchdog timer for bus ar­
bitration, interrupt acknowledge and standard ac­
cess cycles are installed on the board. 

3.5 System Environment 

All VMEbus boards are connected via a specially 
designed motherboard providing interconnection 
to the power supply, the mass memory storage de­
vices and the front panel switches/indicators. 
The 16 layer motherboard uses special shielding 
mechanism to reduce cross talking and to reduce 
the noise level of each signal trace. The J1 and J2 
functions of the VMEbus motherboard are combi­
ned in the single backplane providing optimised 
power distribution through 4 separate power layers. 
The interconnection between the VMEbus based 
controller boards and the I/O interfaces as well as 
the mass memory drives is made via indirect con­
nectors. The supply voltage of the mass memory 
drives is also made on the motherboard to guaran­
tee lowest noise levels on the supply voltage. 
A total of 16 serial I/O channels with 9 pin O-sub 
connectors are available on the rear side of the sys­
tem where 8 of them are supported through the 
installed ISIO-1 board and 8 of them are preconfig­
ured to be used in conjunction with an optional 
ISIO-1 board (to be installed at slot 12). 
A 25 pin O-sub connector for the serial printer and 
the Centronics connector for a parallel printer are 
also available on the rear side of the system. 
Control of the system is provided on the front side 
using the key switch for the main power and the 
RESET as well as the TEST switch. Visual control is 
provided through the 5 indicators which are also 
available on the front side of the system. 
Two independent metal enclosures assure mecha­
nical stability as well as lowest scattered radiation. 

POOS' System 21 

There are two independent fans, one for the VME­
bus boards and one for the mass memory storage 
devices as well as for the power supply assuring 
proper cooling. A temperature sensor is installed 
between the VMEbus boards to switch off the OC 
power if the temperature is higher than 60 degrees 
C to avoid damage of the components. 
The power supply installed in the system provides 
a supply current of 64A at +5V, iDA at + 12V and 2A 
at -12V. The main voltage is 11 OV or 220V with a 
range of ± 1 0%. 
The POOS' System 21 consists of 12 slots where 6 
are left open for application dependent extensions. 

4. Extensions 

The POOS' System 21 can be upgraded by adding 
application dependent modules such as a graphic 
board set and a graphic software package (GKS) or 
a streamer providing a fast system backup. Global 
memory using dynamic or static RAMs, additional 
I/O interfaces or network controllers can also be in­
stalled using the VMEbus for interfacing. 

4.1 Streamer 

A 120 Mbyte SCSI bus compatible streamer can be 
installed on the front side of the system without the 
need for an additional controller board. The hand­
ling software for the streamer is installed on each 
system. The system is preconfigured with the 
mounting equipment and cable assembly for easy 
installation and usage of the streamer. 
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4.2 Graphics 

High resolution graphics are supported via the gra­
phics option which includes the SYS68K/AGC-1 
board and the GKS package. The SYS68K/AGC-1 
board set supporting display formats of up to 1600 
x 1280 pixels (64 MHz pixel frequency). 16 different 
colours can. be selected out of a palette of 16 mil­
lion colours using this resolution. 
The Advanced CRT Controller 63484 using the dual 
access mode to the 2 Mbyte video memory pro­
vides a maximum drawing speed of 2 M pixel/s. 
Using 256 different colours out of 16 million, the 
maximum display format of the AGC-1 board set is 
1024 x 800 (32 MHz pixel frequency). 
The GKS level2b running under POOS' conforms to 
the OIN 66252 and the ISO 7942 standard. The GKS 
package can be interfaced from the FORTRAN 77 
as well as from the C programming language. Oe­
vice drivers for colour printers, a mouse, digitizer 
and keyboard are included in source code form to 
adapt the software to the application dependent 
needs. 
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4.3 Memory Extension 

Dynamic memory can be added using the DRAM­
E3M1 or DRAM-E4M4 boards providing 1 Mbyte, 
respectively 4 Mbyte of global memory. The access 
time on read/write cycles is 245/65 ns. 
Static memory with battery backup of up to 1 year 
can be added by using the SRAM-4, 4A or 4B 
boards. The memory capacity is 256 K, 512 K or 
1 Mbyte at a read/write access time of 21 0/80 ns. 

PHOTO OF THE DESK TOP VERSION 
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All memory boards have a full 32 bit data and ad­
dress path conforming to the VMEbus specifica­
tion. Read Modify Write as well as aligned and un­
aligned transfers are supported. 

4.4 Tower Extension 

Mounting equipment for the FOCUS series of pro­
ducts and an additional module allows the usage of 
the system as a "Tower" as shown in the data sheet. 
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Specifications 

Main CPU of PDOS* System 21A 68020 20MHz 
Main CPU of PDOS* System 21 B 68020 25MHz 

Floating Point Co-Processor 68881 20MHz 

Main Memory SRAM 1 Mbyte 

No of Wait States 0 Constantly 

EPROM 8 sockets/32 bit 512Kbyte 

Serial I/O Interfaces 
Master Console 1 RS232 
Host Computer 1 RS232/422 
High speed Data Link 1 RS232/422 
Terminal Interfaces via IS10-1 8 RS232 
9 pin D-sub connectors 16 Pre-Configured 

Mass Memory 

Winchester Capacity 170Mbyte unformatted 
130Mbyte formatted 

Transfer Speed 1.5Mbyte/s 
Average Access Time 23ms 5ms Track-ta-Track 

Floppy Disk 1 Mbyte unformatted 

Intelligent Controller board Interfaces SCSlbus SA460 

Real Time Clock with battery backup 58167 

Printer Interface RS232 Serial 
Centronics Parallel 

GPIB Interface IEEE 488 

Bus System VMEbus A32:D32 
Total No. of slots 12 6+6 
UsedVMEbus Boards ASCU-2 CPU-21A1B 

IS10-1 CPU-21A1B 
ISCSI-1 SRAM-22NB 

No of free slots 6 

Power Requirements 110 6.5 A (avg) 
220 3.2 A (avg) 

Spurious Radiation conforms to VDE 0871/Class B 

Security Level conforms to VDE 0806/IEC 380 

DC Power Specification +5V 64A(max.) 
+12V 10A(max.) 
-12V 2A(max.) 

Surge Current 12Aat220V 
22Aat 11 OV 

Main Voltage 100-120V 690W 
200-240V 192 KJ/h 

Enclosure Dimensions Height 170mm 6.7 inch 
Depth 540mm 21.3 inch 
Breadth 600 mm 23.7 inch 

Weight 40kg 881bs 

Operating Temperature 5-45 degrees C 

Storage Temperature 5-95 degrees C non-operation 

Relative Humidity 10-70% non-condensing 
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Ordering Information 

POOS' System 21 A 
Part No. 640021 

POOS' System 21 B 
Part No. 640022 

POOS' System 21/UM 
Part No. 800118 

Hardware Extensions 

SYS68K1STR-120 
Part No. 700040 

SYS68K1 AGC-1 
Part No. 400020 

SYS68K1ISI0-1 
Part No. 31 0030 

SYS68K10RAM-E3M1 
Part No. 200004 

SYS68K10RAM-E4M4 
Part No. 20011 0 

SYS68K1SRAM-4B 
Part No. 200502 

SYS68K1CABLE-9/25 
Part No. 700031 

FOCUS 32 TOWER 
Part No. 700041 

Software Extensions 

SYS68K1POOS'-C020 
Part No. 140031 

SYS68K1POOS'-FOR020 
Part No. 140041 

SYS68K1POOS' -PAS020 
Part No. 140021 

SYS68K1GKSGRAL-P2B1 
Part No. 160000 

FORCE FOCUS 32 with 20 MHz 68020 
CPU Board and POOS' 

FORCE FOCUS 32 with 25 MHz 68020 
CPU Board and POOS' 

User Manual of the POOS' System 21 

120 Mbyte SCSlbus compatible streamer 

High Resolution Graphics Board Set (2 slots) 

Additional 8 channel serial 110 controller board to be installed 
at slot 12 

1 Mbyte dynamic RAM board with byte parity check 

4 Mbyte dynamic RAM board with byte parity 

1 Mbyte static RAM board including battery backup 

8 cable adaptors from 9 pin O-sub connector to 25 pin 
O-sub connector 

Mounting equipment for usage of the FOCUS systems as a tower 

C Compiler for POOS' 

FORTRAN-77 Compiler for POOS' 

PASCAL Compilerfor POOS' 

GKS level 2b for FORTRAN 77 and C under POOS' 

472 



System 25U 
68020 based 
UNIX· System 
• Fully configured 32 bit Unix 
• 175 Mbyte Winchester, 120 Mbyte Streamer 
• 5 free expansion slots 
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.----, 2 

UNIX· is a trademark of Bell Laboratories 
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General Description 

The FOCUS 32 series of products are full 32 bit tar­
get and development systems based on the VME­
bus. 
All the serial I/O communication channels to the 
terminals or host computers, as well as the mass 
memory device interfaces, are controlled via intelli­
gent controller boards. 
The System 25U consists of a high speed pro­
cessor board which features a 68020 CPU (16.7 or 
20.0 MHz) that runs constantly with one wait state 
out of 1 Mbyte local static RAM. 
Floating point operations are supported via the 
Floating Point Coprocessor 68881 (16.7 or 20.0 
MHz) increasing the throughput of the system. 
A constant computing rate of 1.5 to 3 million in­
structions per second is available forthe user of the 
UNIX' operating system. 
The implemented Paged Memory Management 
Unit (PMMU 68851) provides logical-to-physical 

PHOTO OF THE SYSTEM 25U 

FC5:(f 
~ 

------------------._-----------------::=:::::::--------------------------------------:::::::- -:: 

475 

System25U 

address translation to monitor and enforce the pro­
tectlon/pnvllege mechanism, and to support the 
breakpoint operations. 
A Centronics parallel printer, an RS232 serial prin­
ter Interface and a GBIP (IEEE 488) interface are in­
stalled and supported by the operating system. 
The 8 senall/O channels for connection of user ter­
minals are controlled by a separate 68010 proces­
sor exonerating the main Central Processing Unit 
from I/O handling. 
Maximum data throughput to the hard disk and the 
floppy disk drive is provided through the Intelligent 
SCSI controller board featuring a 128 Kbyte data 
buffer for hashing and caching. A local 68010 CPU 
and a DMA controller offer a data throughput of 1.5 
Mbyte per second to the installed 170 Mbyte hard 
disk. 
The System 25U offers 12 double-height VMEbus 
slots. Seven of these slots are used, while five slots 
are left open for application dependent extensions. 
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1. Features of the UNIX* System 25 

1.1 Main Processor 

- 16.7 or20.0 MHz 68020 
- Full 32 bit address and data path 

for all memory accesses (SRAM 
and global RAM). 

1.2 Memory Management 

- 68851 PMMU for fast logical to 
physical address translation 
(causing one wait state at local 
SRAM access). 

1.3 Floating Point Arithmetic 

- Full IEEE P754 draft 10.0 compa­
tible Floating Point Coprocessor 
installed (FPCP 68881 with 
16.7 or 20.0 MHz). 

1.4 Main Memory 

- 1 Mbyte of high reliable static 
RAM operating constantly with 
one wait state' for all read and 
write transfers of the CPU at 16.7 
or 20.0 MHz because of the 
PMMU. 

- 4 Mbyte of DRAM including byte 
parity check (VMEbus). 

1.5 Mass Storage Controller 

- Intelligent controller built with a 
68010 CPU and a 68450 DMA 
controller. 

- Full SCSI compatible interface 
providing data transfer rates of 
up to 1.5 Mbyte/s. 

- Floppy disk interface (SA460 
compatible) . 

- Enhanced firmware supporting 
data hashing and caching within 
the 128 Kbyte dual ported static 
RAM. 

1.6 Mass Storage Media 

- 170 Mbyte SCSI compatible Win­
chester disk providing a data 
transfer rate of 1.25 Mbyte/s. 
Average access time of less 
than 23ms. 

- 1 Mbyte floppy disk drive 
with SA460 compatible 
interface. 

- 120 Mbyte 51 /4 inch cart­
ridge tape drive with SCSI 
compatible interface. 
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1.7 Serial 110 Interfaces 

- 8 RS232 interfaces controlled via an intelligent 
controller board (local 68010). Full duplex data 
transfers on all 8 channels at up to 19200 baud. 
128 Kbyte dual ported buffer storage area built 
with SRAMs. 

- 1 RS232 interface acting as the master console 
under direct control of the main CPU. 

- All serial 110 ports feature software programma­
ble baud rate and protocol selection (SDLC, 
HDLC, X.25, asynchronous, synchronous). 

1.8 Dedicated 1/0 Interfaces 

- 1 serial printer interface (RS232 compatible) with 
software selectable baud rate. 

- 1 Centronics printer interface (parallel). 
- 1 GPIB/IEEE488 interface with talker/listener 

and controller function. 
- 2 RS232/422 links to other computers for up/ 

down-loading of data/programs. 

1.9 System Control Functions 

- 4 Level Bus Arbiter - Round Robin mode 
- Prioritized mode 
- Prioritized Round Robin 

mode 
- Software programmable real-time clock with on­

board battery backup. 
- Watchdog timers for - Arbitration 

- Interrupt Acknowledge 
cycles 

- Standard ReadlWrite 
cycles 

Power monitor and handling of SYSRESET and 
ACFAIL. 

- Software controlled shutdown of the system. 
- Front panel switches for system RESET and 

ABORT. 
Front panel indicators for POWER ON 

VMEACCESS 
USER MODE 
MASS STORAGE 
ACCESS 
SYSFAIL 

Key switch for main power, removable in ON and 
OFF position. 

1.10VMEbus Functions 

- 32 address signals 
- 32 data signals 
- 7 Interrupt Request signals 
- 4 Level Bus Arbitration 
- 40 Mbyte/s maximum data transfer rate 
- 16 layer motherboard 
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1.11 System Environment 

- 460W power supply 
- 11 0/220V Input voltage 
- 2 independent cooling fans 
- 7 VMEbus boards installed 
- 5 VMEbus slots for extensions 
- Dimensions 

- Height 170 mm 
- Length 540 mm 
- Width 600 mm 

System25U 

2.0 UNIX' Operating System Overview 

The UNIX' System V Release 3(2), which is imple­
mented in the FOCUS 32 series, is a mUlti-user, 
timesharing, multi-tasking operating system. The 
UNIX' operating system software includes: 
- the UNIX' operating system kernel 
- the "shell" command interpreter 
- a file system 
- various user and system commands 
The UNIX' operating system oversees the execu­
tion of many user programs or commands. These 
programs seem to execute simultaneously be­
cause of the systems' ability to time-share the pro­
cessor among all the programs. 
Actually, each program is scheduled to use the 
processor for a short period of time until the execu­
tion of all other programs. 
Therefore, in addition to providing a multi-user sys­
tem, the UNIX' operating system provides the ca­
pability for each user to run several programs at 
once (multi-tasking). 

2.1 The UNIX' Kernel 

The kemel, comprising from 5 to 10 percent of the 
operating system software, is the basic resident 
software on which the entire system relies. It is the 
only permanently resident part of the system. The 
kemel controls user processes and manages sys­
tem resources. 

2.2 The Command Interpreter (shell) 

The shell command interpreter allows the user to 
communicate with the UNIX' operating system. 
The shell, besides providing the user interface to 
the kernel and interpreting operating system com­
mands, can also be used as a programming 
language. 
The user can quickly write custom shell procedures 
to perform very simple to very complex tasks. The 
shell allows users to enhance and build upon UNIX' 
system capabilities and adapt the operating sys­
tem to a wide variety of user applications. 
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2.3 The File System 

The file system of the UNIX* operating sy,stem con­
sists of a set of directories and files which are ar-
ranged in a tree-like structure. . 
The file system is built up from the root dlrec~ory. 
Although the operating system does not require the 
file system to be structured in any particular way, 
the root directory normally contains certain sta~­
dard subdirectories. The function they perform IS 
necessary for the operation of the system. Additio­
nal subdirectories may be generated for several 
user needs. 

2.4 Support Tools 

Additional functions in the system are tools which 
support the handling of the operating system, the 
development of programs and the installation of 
FORCE VMEbus application boards. 
The following tools are included in the standard 
configuration: 
- A driver for the high resolution colour controller 

SYS68K1 AGC-1 board. The source code of the 
driver named "agc.c" is included in the system. 

- The driver for the RAM-ROM SYS68K1RR-2 
board and an EPROM programming utility is in­
cluded in the system. 

2 6 Benchmarks of the System 25U 

BENCHMARK TYPE 

Shell- fork a child shell and execute sort 
Multitasking with 6 processes-fork 6 child 
shells and execute sort 
Disk write - write 1000 blocks to filesystem 
Disk read - read 1000 blocks to filesystem 
Function call- 50,000 dummy function calls 
Function call- 50,000 assign variables 
Fibonacci -1 0 iterations 
Float - 70,000 multiply and 70,000 divide 
iofile - 500 random read and write 
loop-count of 1 000000 
pipes -1 024,512 byte blocks 
system calls - 25,000 get pid () . 
sieve from Eratosthenes -1 0 Iterations 
Bytesort - sort 1 000 byte buffer 1 0 times 
iocall 1 000 writes to disk file 

dhrystone with register 
dhrystone with no register 

- The visual editor "vi". 
- The assembler. 
- The C-shell (csh) which is a command interpreter 

and which can run as an alternative to the bourne 
shell. This is a tool for those people who are fami­
liar with the "csh". 

- The "VMEPROM-LlNK" is a software package 
which allows the user to develop programs un­
der UNIX* and to transfer these programs to a 
real-time environment which runs under VME­
PROM control. 
VMEPROM is the ROM resident, PDOS compa­
tible, Real-Time Kernel, plus file manager to 
support multi-tasking. 

2.5 Programming Languages 

Besides the inherent programming capability of the 
shell, the operating system supports many pro­
gramming languages in common use such as .C, 
Fortran 77, Assembler and Snobol. These are in-

cluded in the system without extra cost. . 
Other Compilers (e.g. Pascal, CoboL) are avail­
able as options on the System 25U. 

REAL (sec) TIME USER (sec) SYS(sec) 

0.9 0.0 0.4 
5.5 0.5 2.0 

8.6 0.0 1.0 
1.3 0.0 0.8 
0.1 0.0 0.0 
0.2 0.2 0.0 
5.2 5.2 0.0 
1.2 1.2 0.0 
1.0 0.0 0.9 
1.4 1.4 0.0 
1.4 0.0 0.7 
2.9 0.1 2.8 
0.6 0.6 0.0 
5.5 5.4 0.1 
2.7 0.0 2.6 

3476/S 
3363/S 
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3. Hardware Description 

3.1 Main Processor Board 

The 68020 CPU is installed as the main CPU of the 
Sy~tem 25U. The 68020 is a full 32 bit processor 
which offers a computing power of 1.5-3 MIPs at 
16.7 MHz. As many as 4 MIPs are provided on the 
20 MHz version. 
A high speed static RAM (1 Mbyte) guarantees this 
throughput, because all bus cycles to the RAM of 
the 68020 are executed with the insertion of only 
one walt state. The 1 Mbyte static RAM guarantees 
highest reliability, data security and throughput 
through the 32 bit data path. 1 EPROM socket al­
lows the storage of application dependent pro­
grams with a maximum size of 64 Kbyte. 
A Floating Point Coprocessor (FPCP 68881) sup­
ports all floating point instructions with single, 
standard, double and extended precision (80 bit) 
as defined in the IEEE P754 draft 10.0. In addition, 
the 16.7 MHz Coprocessor offers 35 a,rithmetic tri-
gonometrical and logarithmic instructions. ' 

BLOCK DIAGRAM OF THE SYS68K1CPU-25 
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The Paged Memory Management Unit (PMMU 
68851) offers logical to physical address trans­
lation in less than 60 ns. 
A local .timer, included in the PI/T (68230), is used 
as the time base of the operating system. The local 
interrupts coming from the 3 serial I/O interfaces 
and the PIfT can be routed to a free software pro­
grammable level via a special on-board hardware. 
One RS232 compatible serial I/O interface built 
with the Multi Protocol Communication Controller 
(MPCC 68561), is used as the master console for 
the UNIX' based system. 
The second and third serial I/O interface (RS232 or 
RS422) can be used for high speed data communi­
cation to other machines using HOLC, SOLC or 
asynchronous protocols (38400 baud or synchro­
nous data rate of up to 2 Mbitls). 
The block diagram of the SYS68K1CPU-25 shows 
the structure of the board. 
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PHOTO OF THE SYS68K/CPU-25 

3.2 Mass Storage Devices 
The System 25U contains an intelligent mass me­
mory controller board, the SYS68K1ISCSI-1. It is 
built around the 16/32 bit 6801 0 CPU and the 68450 
four channel DMA controller. Both the DMA con­
troller, and the CPU, access the 128 Kbyte Dual 
Ported static RAM without the insertion of wait 
states, which guarantees maximum performance. 
The CPU executes the firmware housed in two 
EPROMs constantly without the insertion of wait 
states and provides hashing and caching of data. 
The SCSI bus controller (NCR 5386) and the bus 
driver/receiver chip (NCR 831 0) provide a constant 
data transfer rate of 1.5 Mbyte/s together with the 
DMA controller. 
A 5 1/4 inch Winchester disk with an unformatted 
capacity of 170 Mbyte is installed inside the sys­
tem. The data transfer rate of 1.5 Mbyte per second 
of the Winchester and the controller board offers, 
together with the average access time of 23 ms, 
maximum system performance. 
A 5 1/4 inch cartridge tape drive with a capacity of 
120 Mbyte is installed in the system available on 
the front side. The data transfer rate of 1.25 Mbyte 
per second offers a maximum back-up and restore 
performance. 
The Floppy Disk Controller (WD1772) installed on 
the ISCSI-1 board controls the 5 1/4 inch floppy 
disk drive (half height) available on the front side of 
the system. 
The on-board handling firmware allows copying of 
data from the floppy disk to the Winchester disk or 
to the streamer without interfering with the activi­
ties of the main CPU. 

3.3 The Serial 110 Controller 
To reduce the overhead of the main CPU handling 
the terminals or other RS232 devices, an intelligent 
serial I/O controller board, the SYS68K1ISI0-1, is 
installed in the System 25U. 
The board is built around the 68010 CPU, running 
constantly without any wait states out of the EPROM 
(128 Kbyte capacity) and out of the Dual Buffered 
Dual Ported RAM. This allows the board to run on 
all 8 serial I/O channels, full duplex, at a baud rate 
of 19200 baud, without loosing any data. Hardware 
or software handshake, various synchronous and 
asynchronous protocols as well as the baud rate of 
each channel are software programmable. 
The 128 Kbyte Dual Ported static RAM allows the 
board to store the line buffers on the board for each 
channel. This reduces the overhead of the VMEbus 
activities. 
Single character, a line editor, block moves and 
data conversions are available as standard com­
mands within the firmware of the IS10-1 board. 
The eight RS232 compatible I/O channels are avail­
able on the rear side of the system via 9 pin D-sub 
connectors. 
The following table lists all the supported signals 
per channel: 

PIN Input Output Signal Description 

1 x DCD Data Carrier Detect 
2 x RXD Receiver Data 
3 x TXD Transmit Data 
4 x DTR Data Terminal Ready 
5 x x GND SignalGND 
6 x x DSR Data Set Ready 
7 x RTS Requestto Send 
8 x CTS Clear to Send 
9 - - - Not Connected 
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3.4 The System Control Functions 

All system control functions as well as dedicated 
interfaces are installed on the SYS68K1ASCU-2 at 
slot 1 of the System 25U. 
A serial and a parallel printer interface are installed 
to support Centronics as well as RS232 compatible 
printers. 
The IEEE488 interface allows controlling of indu­
strial measurement machines. The Talker, Listener 
as well as the Controller mode are supported via 
the included software driver and the used 7210 
chip. 
Time and date are stored within the on-board Real­
Time Clock (58167). The battery guarantees cor­
rect operation for more than two years. 
A 4 level bus arbiter provides efficient bus arbitra­
tion for the main CPU and optional VMEbus boards. 
To avoid system failures, a watchdog timer for bus 
arbitration, interrupt acknowledge and standard 
access cycles are installed on the board. 

3.5 System Environment 

All VMEbus boards are connected via a specially 
designed motherboard which provides intercon­
nection tothe power supply, the mass memory sto­
rage devices and the front panel switches/indica­
tors. 
The 16 layer motherboard uses a special shielding 
mechanism to reduce cross talking and to reduce 
the noise level of each signal trace. The J1 and J2 
functions of the VMEbus motherboard are combi­
ned in the single backplane which provides optimi­
zed power distribution through 4 separate power 
layers. 
The interconnection between the VMEbus based 
controller boards and the I/O interfaces as well as 
the mass memory drives is made via indirect con­
nectors. The supply voltage of the mass memory 
drives is also made on the motherboard in order to 
guarantee lowest noise levels on the supply vol­
tage. 
A total of 16 serial I/O channels with 9 pin D-sub 
connectors are available on the rear side of the sys­
tem where 8 of them are supported through the in­
stalled IS10-1 board and the other 8 are preconfi­
gured to be used in conjunction with an optional 
IS10-1 board (to be installed at slot 12). 
A 25 pin D-sub connector for the serial printer and 
the Centronics connector for a parallel printer are 
also available on the rear side of the system. 
Control of the system is provided on the front side 
and includes the key switch for the main power, the 
RESET and the TEST switch. Visual control is pro­
vided through the 5 indicators which are also avail­
able on the front side of the system. 
Two independent metal enclosures assure mecha­
nical stability as well as lowest scattered radiation. 
There are two independent fans: one for the VME-
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bus boards, and one for the mass memory storage 
devices as well as for the power supply to assure 
proper cooling. A temperature sensor is installed 
between the VMEbus boards which switches off 
the DC power if the temperature is higher than 60 
degrees C and thus avoids damage to the compo­
nents. 
The power supply installed in the system provides 
a supply current of 64A at +5V, 1 OA at + 12Vand 2A 
at -12V. The main voltage is 11 OV or 220V with a 
range of +1 0%. 
The System 25U consists of 12 slots with 5 left 
open for application dependent extensions. 

4. Extensions 

The System 25U can be upgraded by adding appli­
cation dependent modules such as a graphic board 
set and a graphic software package (GKS). Global 
memory using dynamic or static RAMs, additional 
I/O interfaces or network controllers can also be 
installed using the VMEbus for interfacing. 

4.1 Graphics Extension 

High resolution graphics are supported via the gra­
phics option which includes the SYS68K1AGC-1 
board and the GKS package. The SYS68K1 AGC-1 
board set supports display formats of up to 1600 x 
1280 pixels (64 MHz pixel frequency). 16 different 
colours can be selected out of a palette of 16 mil­
lion colours using this resolution. 
The Advanced CRT Controller 63484, using the 
dual access mode to the 2 Mbyte video memory, 
provides a maximum drawing speed of 2M pixel/s. 
Using 256 different colours out of 16 million, the 
maximum display format of the AGC-1 board set is 
1024 x 800 (32 MHz pixel frequency). 
The GKS level 2b running under UNIX' conforms to 
the DIN 66252 and the ISO 7942 standard. The 
GKS package can be interfaced from the FOR­
TRAN 77 as well as from the C programming 
language. Device drivers for colour printers, a 
mouse, digitizer and keyboard are included in 
source code form to adapt the software to the app­
lication dependent needs. 

4.2 Memory Extension 

Dynamic memory on the VMEbus can be added 
using the DRAM-6 or DRAM-7 boards providing 
2 Mbyte or 8 Mbyte respectively, of global memory. 
The access time on read/write cycles is 170/70 ns. 
Static memory with battery backup of up to 1 year 
can be added by using the SRAM-5 or the SRAM-6 
boards. The memory capacity is 512 Kbyte or 2 
Mbyte, at a read/write access time of 50/50 ns. 
All memory boards have a full 32 bit data and ad­
dress path conforming to the VMEbus specifica­
tion. Read-Modify-Write as well as aligned and 
unaligned transfers are supported. 
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4.3 Tower Extension 

Mounting equipment for the FOCUS series of pro­
ducts and an additional module allows the usage of 
the system as a "Tower" (as shown on page 3). 

PHOTO OF THE DESK TOP VERSION 
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Specifications 

Main CPU of the System 25U 68020 16.7 MHz 
Main CPU of the System 25AU 68020 20.0MHz 
Floating Point Coprocessor 68881 16.7/20.0 MHz 
Paged Memory Management Unit 68851 16.7/20.0 MHz 
Local Main Memory SRAM 1 Mbyte 
No. of Wait States 1 Constantly 
VME Main Memory DRAM 4 Mbyte 
Total Memory Capacity RAM 5 Mbyte 
EPROM 1 Socket 64 Kbyte 
Serial 1/0 Interfaces 
Master Console 1 RS232 
Host Computer 1 RS232/422 
High Speed Data Link 1 RS232/422 
Terminallntertaces via 8 RS232 
Intelligent Controller 
9 Pin D-sub Connectors 16 Preconfigured 
Mass Memory 
Winchester Capacity 170 Mbyte Unformatted 

130 Mbyte Formatted 
Transfer Speed 1.5 Mbyte/s 
Average Access Time 23ms 5 ms track-to-track 
Track-to-Track Access Time 5ms 
Cartridge Tape Drive 125 Mbyte SCSI compatible 
Floppy Disk 1 Mbyte Unformatted 
Intelligent Controller Board Interfaces SCSI bus, SA460 
Real-Time Clock with Battery Backup 58167 
Printer Interfaces RS232 Serial 

Centronics Parallel 
GPIB Interface IEEE488 
Bus System VMEbus A32:D32 
Total No. of Slots 12 6+6 
Used VMEbus Boards ASCU-2, CPU-25(A) 

ISI0-1, CPU-25(B) 
ISCSI-1, SRAM-22 
DRAM-E4M4 

No. of Free Slots 5 
Power Requirements 110V 6.5A(avg) 

220V 3.2A(avg) 
Spurious Radiation conforms to VDE 0871 IClass B 
Security Level conforms to VDE 0806/1EC 380 
DC Power Specification + 5V 64A(max) 

+12V 10A(max) 
-12V 2A(max) 

Surge Current 12Aat220V 
22Aat 110V 

Main Voltage 100-120V 
200-240V 

Power Consumption 690W 
Thermal Dissipation 192 KJ/h 
Enclosure Dimensions Height 170 mm 6.7in. 

Depth 540mm 21.3 in. 
Width600mm 23.7in. 

Weight 40 kg 881b 
Operating Temperature 5-45 degrees C 
Storage Temperature 5-95 degrees C non-operation 
Relative Humidity 10-70% non-condensing 
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Ordering Information 

System25U 
Part No. 641 025 

System 25U/UM 
Part No. 800128 

System 25AU 
Part No. 641 027 

Hardware Extensions: 

SYS68K1AGC-1 
Part No. 400020 

SYS68K1ISI0-1 
Part No. 31 0030 

SYS68K1DRAM-E4S4 
Part No. 200111 

SYS68K1DRAM-7 
Part No. 200131 

SYS68K1SRAM-4B 
Part No. 200502 

SYS68K1CABLE-9/25 
Part No. 700031 

FOCUS 32 TOWER 
Part No. 700041 

Software Extensions: 

SYS68K1UNIX'-PAS020 
Part No. 150006 

SYS68K1GKSGRAL-U2B1 
Part No. 160001 

UNIX' is a Trademark of Bell Laboratories 

FORCE FOCUS 32 with 16.7 MHz 68020,68851,68881 CPU 
Board and UNIX' System V Release 3(2). 

User's Manual of the System 25U/25AU 

FORCE FOCUS 32 with 20.0 MHz 68020,68851,68881 CPU 
Board and UNIX' System V Release 3(2). 

High Resolution Graphics Board Set (2 slots) 

Additional 8 channel serial 1/0 controller board to be 
installed at slot 12 

4 Mbyte dynamic RAM board with byte parity check 

8 Mbyte dynamic RAM board with byte parity check 

1 Mbyte static RAM board including battery backup 

8 cable adaptors from 9 pin D-sub connector to 25 pin D-sub 
connector 

Mounting equipment for usage of the FOCUS systems as 
a tower 

PASCAL Compiler under UNIX' for 68020 

GKS level2b for FORTRAN 77 and C under UNIX' 
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SYS68K1PDOS* 

System 68000 VME 
SYS68K/PDOS· 
Operating System 

• Real Time, Multi-User, Multi-Tasking 
• Contigurable, romable 
• Full 68000/680!O support 
• Real Time Compilers 
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1. DESCRIPTION: 
POOS· is a powerful multi-user, multi-tasking oper­
ating system developed for the 32-bit Motorola 
68000 processor family. This development software 
is designed for scientific, educational, industrial, and 
business applications. POOS· consists of a small, 
real time, multi-tasking kernel layered by file ma­
nagement, floating point, and user monitor modules. 
The 8 Kbyte kernel provides synchronization and 
control of events occurring in a real-time environ­
ment using semaphores, events, messages, mail­
boxes, and suspension primitives. All user console 
I/O as well as other useful conversion and house­
keeping routines are included in the POOS· kernel. 
The file management module supports named files 
with sequential, random, and shared access. 
Mass storage device independance is achieved 
through read and write logical sector primitives. 
The designer is relieved of real-time and task ma­
nagement problems as well as user console inter­
action and file manipulation so that efforts can be 
concentrated on the application. 
2. FUNCTIONAL DESCRIPTION: 
2.1 POOS· KERNEL. 
POOS· is written in 68000/68020 assembly language 
for fast, efficient execution. The small kernel provides 
multi-tasking, real-time clock, event processing, 
and memory management functions. Ready tasks 
are scheduled using a prioritized, round-robin 
method. The A-line emulation exception is used to 
interface over 100 system primitives to a user task. 
2.2 MULTI-TASKING EXECUTION 

ENVIRONMENT. 
Tasks are the components comprising a real-time 
application. Each task is an independant program 
that shares the processor with other tasks in the 
system. Tasks provide a mechanism that allows a 
complicated application to be subdivided into 
several independant, understandable, and man­
ageable modules. Real-time, concurrent tasks are 
allocated in 2 Kbyte increments. Task system over­
head is less than 1.25 Kbyte. 
2.3 INTERTASK COMMUNICATION & 

SYNCHRONIZATION. 
Semaphores and events provide a low overhead 
facility for one task to signal another. Events can be 
used to indicate availability of a shared resource, 
timing pulses, or hardware interrupt occurrences. 
Messages and mailboxes are used in conjunction 
with system lock, unlock, suspend, and event pri­
mitives. POOS· provides timing events that can be 
used in conjunction with desired events to prevent 
system lockouts. Other special system events 
signal character inputs and outputs. 
2.4 MEMORY REQUIREMENTS. 
POOS· is very memory efficient. The POOS' kernel, 
floating point module, file manager, and user moni­
tor utilities require only 24 Kbyte of memory plus an 
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additional 4 Kbyte for system buffers and stacks. 
Applications memory reduction can be achieved 
by linking the user application to a 8 Kbyte POOS' 
kernel for a small, ROMable, standalone, multi­
tasking module. A fast, 16 Kbyte scientific orientat­
ed BASIC interpreter with real-time primitives pro­
vides interactive high level language support as 
well. For large system configurations, POOS· effec­
tively addresses up to a 32 bit address space. 
2.5 FILE MANAGEMENT. 
The POOS' file management module provides se­
quential, random, read only, and shared access to 
named files on a secondary storage device. These 
low overhead file primitives use a linked, random 
access file structure and a logical sector bit map for 
allocation of secondary storage. No file compac­
tion is ever required. Files are time stamped with 
date of creation and last update. Up to 128 files can 
be simultaneously opened. Complete device inde­
pendence is achieved through read and write logi­
cal sector primitives. 
2.6 COMMAND LINE INTERPRETER. 
A resident command line interpreter allows multiple 
commands to be entered on a single line. Com­
mand utilities such as append, define, delete, copy, 
rename, and show file are also resident and can be 
executed without destroying current memory pro­
grams. Other functions resident in the monitor in­
clude setting the baud rate of a port, checksum­
ming memory, creating tasks, listing tasks, files 
and open file status, asking for help, setting file 
level, file attributes, interrupt mask, and system 
disk, and directing console output. 
2.7 INTERRUPT MANAGEMENT. 
The PO OS· kernel handles user console, system 
clock, and other designated hardware interrupts. 
User consoles have interrupt driven character I/O 
with type ahead. A task can be suspended pending 
a hardware or software event. POOS' will switch 
control to a task suspended on an external event 
within 30 microseconds after the occurrence of the 
event (provided the system mask is high enough). 
Otherwise, a prioritized, round-robin scheduling of 
ready tasks occurs at 10 millisecond intervals. 
2.8 PORTABILITY. 
POOS' gives software portability through hardware 
independance of read/write logicial sector primitives. 
All other hardware functions such as clocks, map­
pers, and UARTS are conveniently isolated for mini­
mal customization to new 68000 based systems. 
2.9 CUSTOMER SUPPORT. 
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Numerous support utilities including virtual screen 
editors, assembler, linker, macroprocessor, disk 
diagnostics, link, and recovery, disk cataloging are 
standard. Single stepping, multi break points, 
memory snap shots, save and restore task com­
mands, and error trapping primitives are provided 
in all languages to aid in program debugging. 
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PDOS* DISK OPERATING SYSTEM 

FEATURES: 
- Real Time, Multi-User, Multi-Tasking 
- Multiprocessing support 
- Prioritized, Round-Robin scheduling 
- Intertask Communication and synchronisation 
- Task memory map control for program security 
- Full exception processing 
- Sequential, Random, and shared file 

management 
- Hardware independence 
- Kernel, file Manager and Monitor are written in 

68000/68020 assembly language. 
- Configurable, modular, Romable standalone 

support 

Task #4 
Position 

Monitoring 

Task #3 
Stepper Motor 

Movements 

Task #5 
Line Control 

Task #2 
Translation %0 

Angle 
Calculations 

Task #1 
User 

Interface 

ROBOTICS 

a2 = cosb + cosc + 2ab 
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3. LANGUAGE SUPPORT: 
- Basic 

- Pascal 

Standard Dartmouth Basic with 
enhancements, such as program 
debugging, intertask communi­
cation and real-time support. 

multi-pass, optimizing compiler 
that generates assembler text for 
the 68000 microprocessor. 

PDOS* SYSTEM CALLS 

Append file 
Baud console port 
BUild file directory list 
Chain command 
Check for break character 
Check for break or pause 
Clear screen 
Close file 
Close file w/attribute 
Conditional get character 
Convert ASCII to binary 
Convert binary to decimal 
Convert binary to hex 
Convert binary to hex in buffer 
Convert to dec w/message 
Convert to decimal in buffer 
Copy file 
Create task block 
Debug call 
Define file 
Define trap vectors 
Delay set/reset event 
Delete file 
Dump memory from stack 
Dump registers 
Enter supervisor mode 
Enter supervisor mode 
Execute PDOS call to D7.w 

SYS68K/PDOS* 

The PDOS* Pascal compiler im­
plements a superset of the Pascal 
language defined by Jensen and 
Wirth. 

- Fortran 77 compiler, supporting the full ANSI 
Fortran 77 standard 

- C Compiler for the C language 

Exit to monitor 
Exit to monitor w/command 
File altered check 
Fix file name 
Fix time and date 
Flush buffers 
Free user memory 
Get character 
Get character conditional 
Get disk size 
Get line buffer 
Get line in monitor buffer 
Get line in user buffer 
Get memory limits 
Get message pointer 
Get next Parameter 
Get port character 
Get task message 
Get user memory 
Initialize sector 
Kill task 
Kill task message 
List file directory 
Load error register 
Load file 
Load status register 
Lock file 
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Lock task 
Look for name in file slots 
Open non-exclusive random 
Open random 
Open random read only 
Open sequential 
Pack ASCII date 
Position cursor 
Position file 
Push command to buffer 
Put buffer to console 
Put character raw 
Put character(s) to console 
Put CRLF to console 
Put data to console 
Put encoded line to console 
Put encoded message to console 
Put line to console 
Put message to console 
Put space to console 
Read bytes from file 
Read date 

PDOS* UTILITIES 
FxFRMT 
FxLDGO 
FxPARK 
MABORT 
MASM 
MASM20 
MBACK 
MCHATLE 
MDCOMP 
MDDMAP 
MDDUMP 
MDDISK 
MDLOOK 
MDNAME 
MDSAVE 
MEDIT 
MFDUMP 
MFFIND 
MFSAVE 
MINIT 
MINST 
MLDIR 
MLEVEL 
MUB 
MUBGEN 
MMKBT 
MORDIR 
MPATCH 
MSfiEC 
MSYFL 
MSYOB 
MTERM 
MTIME 
MTRANS 
MUNDL 
QUNK 
WIND1 
WKILL 
WLOOK 
WTERM 

Read directory entry by name 
Read file attributes 
Read file from position 
Read line from file 
Read next directory entry 
Read port cursor position 
Read port status 
Read sector 
Read sector zero 
Read status register 
Read task status 
Read time 
Rename file 
Reset console inputs 
Reset disk 
Return error Do to monitor 
Return from interrupt 
Return to user mode 
Rewind file 
Send message pointer 
Send task message 
Set event flag w/swap 

Format logical unit 

Set event flag 
Set port flag 
Set/read task priority 
Suspend until interrupt 
Swap to next task 
Tab to column 
Test event flag 
Unlock file 
Unlock task 
Unpack ASCII date 
Unpack date 
Unpack time 
Write bytes to file 
Write date 
Write file attributes 
Write file parameter 
Write line to file 
Wntesector 
Write time 
Zero file 

Load and execute operating system 
Flush buffers and park Winchester heads 
Task aborter 
68000/68010 Macro assembler 
68020 Macro assembler 
Disk Backup 
Change file attributes and levels 
Disk file compare 
Disk Map, read files by link 
Disk dump and alter by sector 
Disk name list 
Disk look, look at disk sector contents 
Rename disk 
Disk file recovery 
Configurable screen edit 
File du mp in hex and ASCII 
Multiple disk search for tile 
File recovery 
Disk initialization 
Additional memory installation 
Directory list 
Directory list by level 
Libraryfile manager 
Library generator 
Install PDOS Boot on Disk 
Alphabetize Directory 
Applya program upgrade patch 
Build S-record 
Build SY object file 
Build object from SY file 
Set task terminal characteristics 
Read/Set clock calendar (if applicable) 
Multiple file transfer 
Undelete file 
PDOSlinker 
Create virtual porting task 
Disable virtual ports 
View virtual port parameters 
Set terminal type for virtual ports 
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PDOS' MONITOR COMMANDS 

Append file 
Assign console review 
Baud port 
Console unit 
Copy file 
Create task 
Date and time 
Define file 
Delete file 
Delete multiple file 
Directory level 
Disk space 
Download file to port 
Enable/disable echo 
Execute 
File slot usage 
For every 

4. HARDWARE CONFIGURATION: 

Free memory 
Get memory 
Goto 
Help 
If altered 
If processor 
If processor 
Kill message 
Kill task 
List directory 
List error 
List level 
List tasks 
Load file 
Make file 
PDOSBASIC 
PDOS debugger 

The SYS68K1PDOS' Operating System is 
implemented on the following hardware: 

CPU boards 
CPU-1, CPU-2, CPU-4, CPU-5, CPU-6, 
CPU-21, CPU-22, CPU-26, CPU-29 

Memory boards 
DRAM-1, DRAM-2, DRAM-E3M1, 
DRAM-E3S3, DRAM-E4M4, DRAM-E4S12, 
DRAM-6 

Controller boards 
WFC-1, SI0-2, ISI0-1/1A, ISI0-2/2A, 
ISCSI-1/1A, AGC-1, ASCU-1/2, AGC-2 
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RAM disk 
Rename file 
Reset console 
Reset disk 
Save to file 
Send message 
Set file attributes 
Set system date/time 
Set/reset event 
Show file 
Spool unit 
System disk 
Task priority 
Transfer files 
Transparent mode 
Upload file from port 
Zero memory 

uploBO MB 
Winchester 

1MB 
Floppy 
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5. DELIVERY MEDIA: 
SYS68K/POOS* is shipped on 5 114 inch Floppies. 
The package includes two boot EPROMS and 
documentation. 

ORDERING INFORMATION 

SYS68K/PDOS 

SYS68K/POOS/UM 
Part No. 800031 

SYS68K/POOS/PASCAL 
Part No. 140020 
Part No. 140021 

SYS68K/POOS-PAS/UM 
Part No. 800032 

SYS68K1POOS/FORTRAN 
Part No. 140040 
Part No. 140041 

SYS68K/PDOS-FOR/U M 
Part No. 800040 

SYS68K/PDOS/C 
Part No. 140030 
Part No. 140031 

SYS68K/PDOS-C/UM 
Part No. 800041 

Operating System on 5 1/4 inch Floppies, boot EPROMS 
and documentation. 

POOS CPU-1 
POOS CPU-2 
POOS CPU-4 
POOS CPU-5 
POOS CPU-6 
POOS CPU-21 
POOS CPU-22 
POOS CPU-26 
POOS CPU-29 

User's documentation. 

Pascal Compiler and documentation 
For all 68000/6801 0 CPUs 
For all 68020 CPUs 

Pascal User's documentation. 

FORTRAN 77 Compiler and documentation 
For all 68000/6801 0 CPUs 
For all 68020 CPUs 

FORTRAN User's documentation 

C compiler and documentation 
For all 68000/68010 CPUs 
For all 68020 CPUs 

C compiler User's documentation 

NOTE: The SYS68K/POOS* package is copyrighted and licenced by FORCE COMPUTERS GmbH 
and may only be used in accordance with and under the terms and conditions of such a licence 
agreement. 
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SYS68KNMEPROM 

System 68000 
SYS68K/VMEPROM 
PDOS· Based Real Time 
Operating Monitor 

• Real Time, Multi-Tasking Kernel 
• Full Debugging Facilities 
• 68000/020 Support 
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1. General Description 
VMEPROM is an EPROM based real-time monitor. 
The complete package resides in 128 Kbyte of 
EPROM and uses a minimum of 32 Kbyte of RAM. 
VMEPROM is composed of the powerful PDOS' 
Real Time Kernel and the PDOS' file manager. 
Thus the package provides support of a highly 
sophisticated Real Time Kernel and an interface to 
floppy and hard disk drives. 
The user interface contains more than 50 com­
mands perfectly suited for program debugging, host 
computer communications, as well as task- and file 
management. In addition, it includes a powerful line 
assembler and disassembler for the 68020/68881 
or the 68000/6801 o. 

VMEPROM features: 
• Real Time Multitasking Kernel supporting up to 

64 tasks. 
• File management support for sequential, ran­

dom and shared files. Up to 64 files may be 
opened at the same time. 

• Task management system calls. 
• Line assembler/disassembler with full support 

of all 68000/6801 0 or 68020/68881 instructions. 
• Over 20 commands for program debugging, in­

cluding breakpoints, tracing, processor register 
display and modify. 

• Display and modify floating point data registers 
of the 68881 (68020 version only). 

• S-record up/downloading from any port defined 
in the system. 

• Time stamping of user programs. 
• Built-in benchmarks 
• Disk support for RAM-disk, floppy and Win­

chester disks. Either a SYS68K/WFC-1 or a 
SYS68K1ISCSI-1 mass memory controller may 
be used. VMEPROM also allows disk formatting 
and initialization. 

• Serial I/O support for up to two S10-1 /2 or ISIO-
1/2 boards in the system. 

• EPROM programming utility using the SYS68K1 
RR-2/3 boards. 

• Full screen editor. 
• More than 30 commands to control the PDOS' 

kernel and file manager. 
• Complete task management. 
• I/O redirection to files or ports from the com­

mand line. 
• Over 100 system calls to the kernel are sup­

ported. 
• Data conversion system calls. 
• Terminal I/O functions. 

2. Description of the User Interface 
ofVMEPROM 
The user interface of VMEPROM allows I/O redirec­
tion to files orto any port defined within the system. 
Multiple commands may be entered on a single 
command line. The user console input is interrupt 
driven and allows type-ahead. Over 60 commands 
are built into the VMEPROM user interface and are 
directly accessible without destroying memory. 
The command set covers functions such as pro­
gram execution, breakpoints, tracing and a power­
ful line assembler/disassembler. Also resident are 
file system functions such as append, delete, copy, 
rename and show file. These are applicable for 
RAM disk, floppy or hard disk. The task manage­
ment functions cover create task, kill task, alter 
task priority and list tasks. 
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Monitorl 
Debugger 

File System 
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Command set summary 

* Name processor IA File altered 
AF Append file ID Set date and time 
ARB Set Arbiter INIT Init disk 
AS Line assembler KM Kill message 
ASSIGN Set port number KT Kill task 
BASE Set base LC Directory 
BENCH Benchmarks LD Load file to mem 
BF Fill memory LO Load S-record 
BM Move date LS Directory 
BP Baud port LT List tasks 
BR Breakpoints LV Directory level 
BS Search value M Modify memory 
BT Test memory MM Alias for M 
BV Compare memory MD Dump memory 
CF Copyfile(s) MEM Set bus width 
CT Create task MF Makefile 
COLD Coldstart VMEPROM MS Preset memory 
CONFIG Configure VMEbus RC Reset console 
DD Disk Dump RD Set RAM disk 
DI Disassembler RM Modify registers 
DF Definefile RN Rename file(s) 
DL Delete file(s) RR2 Program EPROMs 
DN Rename disk RS Reset disk 
DR Display registers SA Set attribute 
DRF Display68881 regs SF Show file 
DT Show date/time SM Send message 
DU Dump S-record SP Disk usage 
ED Screen editor ST Set terminal type 
ER Display Error SV Save to file 
EV Events SY Set system disk 
FD File Dump T Trace program 
FM Free memory TC Set trace count 
FRMT Format disk TIME Measure run time 
FS Fi Ie slot usage TJ Trace on jumps 
G Execute program TM Transparent mode 
GO Alias for G TP Set task priority 
GD GO direct IT Alias forT 
GM Get memory UN Set unit mask 
GOTO Gotostring ZM Zero memory 
GT GO w/temp. break 
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VMEPROM Benchmarks 
The following benchmarks are contained in VME­
PROM. The given execution times are measured 

with a CPU-21B (68020 with 25 MHz, 68881 with 
20 MHz). 

Bench # Benchmark type Time (sec) 

1 Decrement long word in memory, 100.000 times 04.83 

2 Pseudo DMA 1 Kbyte, 50.000 times 06.23 

3 Substring character search, 100.000 times 06.06 
(taken from EON, 08/08/85) 

4 BitT est/Set/Reset, 100.000 times 01.84 
(taken from EON, 08/08/85) 

5 Bit Matrix Transposition 100.000 times 06.81 
(taken from EON, 08/08/85) 

6 Cache test 14.54 
(executes 128 Kbyte program 1000 times) 

7 1.000.000 Additions (extended precision) 01.48 

8 1.000.000 Sines (extended precision) 17.30 

9 1.000.000 Multiplications (extended precision) 03.22 

10 100.000 Context switches 02.83 

11 100.000 Set system event 01.97 

12 100.000 Change task priority 02.40 

13 100.000 Send and Receive task message 15.15 

14 100.000 Read system time 01.82 
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3. Description of the Kernel functions 
The kernel of VMEPROM is written in 680xO as­
sembly language for fast and efficient execution. It 
provides multitasking, system clock, event proces­
sing and memory management. Ready tasks are 
scheduled with a prioritized round-robin method. 
Up to 64 tasks may be defined simultaneously. 
Semaphores and events provide a low overhead 
facility for one task to signal another. Messages 

Kernel system calls 

X881 - SAVE 68881 ENABLE 
XBCP - BAUD CONSOLE PORT 
XCBC - CHECK FOR BREAK CHARACTER 
XCBD - CONVERTBINARYTODECIMAL 
XCBH - CONVERTBINARYTOHEX 
XCBM - CONVERTTO DECIMAL W/MESSAGE 
XCBP - CHECK FOR BREAK OR PAUSE 
XCBX - CONVERT TO DECIMAL IN BUFFER 
XCDB - CONVERT ASCII TO BINARY 
XCFA - CLOSEFILEW/ATIRIBUTE 
XCHX - CONVERT BINARYTO HEX IN BUF. 
XCLS - CLEAR SCREEN 
XCPY - COPY FILE 
XCTB - CREATETASKBLOCK 
XDEV - DELAYSET/RESETEVENT 
XDMP - DUMP MEMORY FROM STACK 
XDTV - DEFINETRAPVECTORS 
XERR - RETURN ERROR DOTO MONITOR 
XEXC - EXECUTE PDOS* CALL D7 
XEXT - EXITTO MONITOR 
XFTD - FIXTIME&DATE 
XFUM - FREE USER MEMORY 
XGCB - CONDITIONAL GET CHARACTER 
XGCC - GET CHARACTER CONDITIONAL 
XGCP - GET PORT CHARACTER 
XGCR - GET CHARACTER 
XGLB - GET LINE IN BUFFER 
XGLM - GET LINE IN MONITOR BUFFER 
XGLU - GET LINE IN USER BUFFER 
XGML - GETMEMORYLIMITS 
XGMP - GET MESSAGE POINTER 
XGNP - GET NEXT PARAMETER 
XGTM - GET TASK MESSAGE 
XGUM - GET USER MEMORY 
XKTB - KILL TASK 
XKTM - KILL TASK MESSAGE 
XLER - LOAD ERROR REGISTER 
XLKT - LOCKTASK 
XLSR - LOADSTATUSREGISTER 
XPAD - PACKASCII DATE 

and mailboxes are used in conjunction with task 
lock, unlock, suspend and event primitives. 
VMEPROM handles user console, system clock 
and other hardware interrupts. 
A task can be suspended pending a hardware or 
software event. Control is switched to a suspended 
task within 28 microseconds (68020, 25 MHz) after 
the occurrence of the event. 
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XPBC - PUT BUFFER TO CONSOLE 
XPCC - PUT CHARACTER(S) TO CONSOLE 
XPCL - PUT CRLF TO CONSOLE 
XPCR - PUTCHARACTERRAW 
XPDC - PUTDATATOCONSOL 
XPEL - PUT ENCODED LINE TO CONSOLE 
XPEM - PUT ENCODED 

MESSAGE TO CONSOLE 
XPLC - PUT LINE TO CONSOLE 
XPMC - PUT MESSAGE TO CONSOLE 
XPSC - POSITION CURSOR 
XPSP - PUTSPACETOCONSOLE 
XRCP - READ PORT CURSOR POSITION 
XRDM - DUMP REGISTERSN 
XRDT - READ DATE 
XRPS - READPORTSTATUS 
XRSR - READSTATUSREGISTER 
XRTE - RETURN FROM INTERRUPT 
XRTM - READ TIME 
XRTP - READTIMEPARAMETERS 
XRTS - READ TASK STATUS 
XSEF -; SETEVENTFLAGW/SWAP 
XSEV - SET EVENT FLAG 
XSMP - SEND MESSAGE POINTER 
XSPF - SET PORT FLAG 
XSTM - SENDTASKMESSAGE 
XSTP - SET/READTASKPRIORITY 
XSUI - SUSPEND UNTIL INTERRUPT 
XSUP - ENTER SUPERVISOR MODE 
XSWP - SWAPTONEXTTASK 
XTAB - TABTOCOLUMN 
XTEF - TEST EVENT FLAG 
XUAD - UNPACK ASCII DATE 
XUDT - UNPACK DATE 
XULT - UNLOCKTASK 
XUSP - RETURNTOUSERMODE 
XUTM - UNPACKTIME 
XWDT - WRITE DATE 
XWTM - WRITETIME 



4. Description of the File Manager Functions 
The file manager module provides sequential, ran­
dom, read only and shared access to named files on 
RAM disk, floppy or hard disk. New files are auto­
matically defined contiguously to improve access 
speed. 

File manager system calls 

XAPF - APPEND FILE 
XCFA - CLOSEFILEW/ATTRIBUTE 
XCLF - CLOSE FILE 
XCPY - COPY FILE 
XDFL - DEFINE FILE 
XDLF - DELETE FILE 
XFAC - FILEALTEREDCHECK 
XFBF - FLUSH BUFFERS 
XFFN - FIX FILE NAME 
XISE - INITIALIZESECTOR 
XLDF - LOAD FILE 
XLFN - LOOK FOR NAME IN FILE SLOTS 
XLKF - LOCK FILE 
XNOP - OPEN SHARED RANDOM FILE 
XPSF - POSITION FILE 
XRBF - READ BYTES FROM FILE 
XRCN - RESET CONSOLE INPUTS 
XRDE - READ NEXT DIRECTORY ENTRY 
XRDN - READ DIRECTORY ENTRY BY NAME 
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These low overhead file primitives use a linked, ran­
dom access file structure and a logical sector bit 
map for storage allocation. Files are time stamped 
with the date and time of creation and last update. 
Up to 64 files may be open at the same time. 

XRFA - READFILEATTRIBUTES 
XRFP - READ FILE POSITION 
XRLF - READ LINE FROM FILE 
XRNF - RENAME FILE 
XROO - OPEN RANDOM READ ONLY FILE 
XROP - OPEN RANDOM 
XRSE - READ SECTOR 
XRST - RESET DISK 
XRSZ - READ SECTOR ZERO 
XRWF - REWIND FILE 
XSOP - OPEN SEQUENTIAL FILE 
XSZF - GET DISK SIZE 
XULF - UNLOCK FILE 
XWBF - WRITEBYTESTOFILE 
XWFA - WRITE FILE ATTRIBUTES 
XWFP - WRITE FILE PARAMETERS 
XWLF - WRITELINETOFILE 
XWSE - WRITE SECTOR 
XZFL - ZERO FILE 
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5. Supported VMEbus Hardware 
Upon power up, VMEPROM checks the VMEbus for 
the availability of several controller boards. Sup­
ported are up to two serial I/O boards, which may 
be the SYS68K1SI0-2 or the SYS68K1ISI0-1/2. 
In addition, one disk controller is supported by 
VMEPROM. This can be either a SYS68K1ISCSI-1 
or a SYS68K1WFC-1 . 
Both the serial I/O controllers and the disk control­
lers are interrupt driven. 
EPROM programming is supported by VMEPROM 
utilizing the SYS68K1RR-2/3 board family. Two 
commands are available to program EPROMs di­
rectly from the VMEPROM command line. The 
code to be programmed may reside in memory, on 
RAM disk or an extemal mass storage device such 
as a floppy disk or a Winchester disk. 

6. Target System Support 
VMEPROM can easily be used in target systems. 
For these systems, the application program can be 
put into EPROM with or without the user interface. 
The application programs can be started either by 
a command line or directly after reset without user 
input. 
The minimum EPROM space required by the VME­
PROM kernel and file manager is about 40 Kbyte. 
Small romable applications can be put in EPROMS 
easily without the overhead of the user interface. 

7.0 Development Systems 
Currently either one of the FORCE PDOS' or UNIX' 
System V development stations may be used for 
software development forVMEPROM. 
Compilers, assemblers, and libraries are available 
together with utilities for program downloading. 
These tools are well suited to help in program dev­
elopment and debugging. 

IS10-1/2 
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7.1 UNIX System V Development Systems 
The FORCE FOCUS UNIX' System V family of de­
velopment systems contains the UNIX' to VME­
PROM link. This package is available free of charge 
on every UNIX' system. It consists of C - libraries 
and utilities making the software development for 
VMEPROM under UNIX' an easy task. 
Also supported under UNIX' are EPROM program­
ming as well as program downloading to the target 
system using S-records. 
A transparent mode is also available thus allowing 
to debug or execute VMEPROM tasks from the 
UNIX' console. 

7.2 PDOS* Development Systems 
As VMEPROM is based on the powerful POOS' 
Real Time Kernel, the POOS' operating system is 
best suited for software development for VME­
PROM. The POOS' operating system supports 
EPROM programming and code downloading to 
VMEPROM via S-records. The transparent mode is 
also supported under POOS' to allow program de­
bugging from the POOS' terminal. 

SYS68KNMEPROM 

No additional tools or utilities are required when 
using the POOS' operating system for software de­
velopment for VMEPROM. 

7.3 IBM-AT Development Systems 
VMEPROM is also supported by the family of IBM­
AT or true compatible development systems. 
The link is based on a special version of the Alcyon 
C-compiler,a cross assembler for the 680xO pro­
cessor family and utilities to download the code to 
the target systems for debugging. 

Multitasking 
Real Time Kernel 

64 Tasks supported 
Debugger File System 

VMEPROM 
Breakpoints Tracing 

up to 64 Files Screen Editor 
S-record up/download 

Line Assembler/Disassembler 
EPROM Programming 
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7.4 Other Development Systems 
The support of VMEPROM through other develop­
ment systems like the HP systems or the VAX is un­
der development. These cross-software develop­
ment packages will be available by begin of 1988 
and will include compilers, cross-assemblers and 
libraries to fully support program development for 
VMEPROM based target systems. 

8. Licensing 
No license is required for VMEPROM. VMEPROM 
is delivered free of charge and is currently imple­
mented on the following FORCE CPU-boards: 

- SYS68K1CPU-4* - SYS68K1CPU-22 
- SYS68K1CPU-5* - SYS68K1CPU-26 
- SYS68K1CPU-6* - SYS68K1CPU-29 
- SYS68K1CPU-20 - SYS68K1CPU-32 
- SYS68K1CPU-21 

*VMEPROM is available on these boards starting 
04/87. 

This gives full software compatibility and portability 
between the above listed CPU-boards. 

NOTE: VMEPROM will be supplied free of charge 
on future 32 bit CPU board designs from 
FORCE Computers. 
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Ordering Information 

SYS68KJVMEPROM/UM 
Part No. 800140 

SYS68KJVMEPROM Link-1 
Part No. 140110 

PDOS' IS a trademark of Eyring Research Institute 
UNIX' is a trademark of Bell Laboratories 

VMEPROM User's Manual 

SW link from the IBM-A Tto VMEPROM 
including documentation 
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SYS68K/UNIX* 

System 68000 VME 
SYS68K/UNIX· 
Operating System 

• UNIX System V Release 2 (3) 
• Full 68000/68010/68020 support 
• C and FORTRAN Compiler inclusive 
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1.0 General Information 
The UNIX· operating system implemented on the 
68010/68020 microprocessor is derived from the 
original AT&T UNIX System V. FORCE Computers 
has implemented the UNIX System V for the 6801 0 
on its own hardware. The UNIX operating system is 
implemented on several microprocessors and 
mainframes. Each of these UNIX operating system 
versions differs mainly in the features, capabilities 
and application packages supported by the system. 
However, the basic operating system software 
functions in each case in the same way. 
The UNIX Operating System oversees the execu­
tion of many user programs and commands. It 
seems to execute programs simultaneously be­
cause of the system's ability to time-share the pro­
cessor among all of the programs. In actual fact, 
each program will be scheduled to use the proces­
sor for a short period of time to the exclusion of all 
other programs. 
Therefore, in addition to providing a multiuser 
system, the UNIX operating system provides the 
capability for each user to run several programs at 
once. This is called multitasking. 
The UNIX System V for 68K includes: 
- the operating system kernel 
- the "shell" command interpreter 
- the file system 
- various standard user and system commands. 
The kernel is the basic resident software on which 
the entire system relies. It is the only permanently 
resident part of the system. The shell command in­
terpreter allows the user to communicate with the 
UNIX operating system. The shell, besides provid­
ing the user interface to the kernel, and interpreting 
operating system commands, also can be used as 
a programming language. 

2.0 Features: 
Some of the major features of the UNIX operating 
system are: 
- a flexible, easy to use command language 
- a wide variety of supported applications 

Figure: The Hierarchical File System 

- access to the facilities of other computer systems 
- a practical file system structure 
- many high-level programming languages 

(FORTRAN 77, PASCAL, C) 
- system programming and debugging tools 
- a package of terminal routines that allow user 

programs to produce output on many different 
types of terminals 

- Easy implementation of different terminals 
- on-line help facilities which are useful to both be-

ginners and experienced users 
- Tree-like structure of the file system (hierarchical 

file system) 

3.0 File System 
The file system of the UNIX operating system 
consists of a set of directories and files arranged in 
a tree-like structure. The file system is built up from 
the root (I) directory (see Figure 1-1). Although the 
operating system does not require the file system 
to be structured a certain way, the root directory 
normally contains certain standard subdirectories: 
mnt Used to mount a backup file system for file 

restoring. 
bin Most user commands are kept here. There 

are also many commands in /usr/bin. 
dev The standard location for special files 

associated with physical devices. All input! 
output is done by accessing the files in this 
directory. 

etc Administrative programs and data tables 
are kept here. The /usr/adm directory is 
also used for system administration. 

lib A library of subroutines. Also contains pro­
grams associated with the assembler and 
C compiler. The subroutines perform a 
wide variety of functions and are acces­
sible by all system software. 

tmp Used for temporary files. 
usr This is where the user's file system is 

mounted onto the file structure. 
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There may be other subdirectories, but those listed 
are a standard part of the UNIX software. The func­
tions they perform are necessary for the operation 
of the system. Even though the file system may be 
reorganized, the directories listed must exist 
somewhere in the file system. For example, there 
must be a directory to contain special files. Some of 
the features of the file structure are: 
- Simple and consistent naming conventions; file 

names can be fully qualified or relative to any di­
rectory in the file system hierarchy. 

- Automatic file space allocation and deallocation 
that is invisible to users. 

- A complete set of flexible directory and file pro­
tection modes that allows all combinations of 
read, write, and execute access, independently 
for the owner of each file or directory, for a group 
of users (such as all members of a project), and 
for all other users. The file protection modes can 
be set dynamically. 

- Facilities for creating, accessing, moving, and 
processing files, directories, or sets of these in a 
simple, uniform, and natural way. 

- Each physical input/output device from interac­
tive termlnals to main memory is treated like a 
file, allowing uniform file and device input and 
output. 

- Mountable and un mountable file systems and 
volumes. 

- File linking across directories. 

4.0 Programming 
Besides the inherent programming capability of the 
shell, the operating system will support many pro­
gramming languages in common use. Some of 
these - C, Assembler, and Snobol to be specific -
are standard. Others such as Basic, Cobol, and 
Pascal are add-on features. A C-Ianguage compiler 
is included as a standard part of the UNIX system 
software. Thus, users can write and compiler their 
own C-Ianguage programs. 
The user interface to the file system is extremely 
convenient from a programming stand-pOint. The 
lowest possible interface level is designed to elimi­
nate distinctions between the various devices and 
files and between direct and sequential access. No 
large "access method" routines are required to in­
sulate the programmer from the system calls. An­
other convenience is that there are no complicated 
"control blocks" maintained or required by the file 
system or other system calls. 
The programming environment is enhanced by the 
availability of many support tools. These support 
tools are either standard commands or are add-on 
packages as listed in following pages. For example, 
the Source Code Control System and the MAKE 
command both help in maintaining source code. 
Other languages such as LEX, YACC, and AWK 
make it easier for the user to create programs. 
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5.0 Basic Software 
The basic software consists of user commands, 
programs, and utilities that provide all the facilities 
needed to use the operating system. The basic 
commands provide users with system access con­
trol, the ability to manipulate files and directories, 
system status information, inter-user communica­
tion, and various other utility functions. All of the 
commands in the following lists are a standard part 
of the UNIX software. 

5.1 Operating System 
/unix This is the basic resident code, known 

as the kernel, which everything else 
depends upon. The kemel executes 
the system calls, maintains the file 
system, and manages the system's re­
sources; it contains device drivers, 110 
buffers, and other system information. 
Further capabilities include: 
- Automatically-supported reentrant 

code 
- Separation of instruction and data 

spaces (machine dependent) 
- Timer-interrupt sampling and inter­

process monitoring for debugging 
and measurement 

5.2 User Access Control 
LOGIN Identifies and signs on a new user: 

- Adapts to characteristics of terminal 
- Verifies password and establishes 

user's individual and group (project) 
identity 

- Establishes working directory 
- Publishes message of the day 
- Announces presence of mail 
- Lists unseen news items 
- Executes an optional user-specified 

profile 
- Starts command interpreter (shell) 

or other user-specified program 
PASSWD Changes a password: 

- User can change own password 
- Passwords are kept encrypted for 

security 
SU Assume the permissions and privileges 

of another user or root (super-user) 
provided the proper password is supp­
lied. 

NEWGRP Changes working group (project ID). 
This provides access with protection 
for groups of related users. 
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STTY 

TABS 

Sets up options for optimal control of a 
terminal. In so far as they are deducible 
from the input, these options are set au­
tomatically by LOGIN: 
- Speed 
- Parity 
- Mapping of upper-case characters to 

lowercase 
- Carriage-return plus line-feed versus 

new-line 
- I nterpretation of tab characters 
- Delays for tab, new-line, and carriage-

return characters 
- Raw versus edited input 
Sets terminal's hardware tab stops. The 
TABS command allows several stand-
ard formats. Also, it is compatible with 
many terminal types. 

5.3 Manipulation of Files and Directories 
ED Interactive line-oriented text editor. The 

ED command can: 
- Randomly access all lines of a file 
- Find lines by numberor pattern (regular 

expressions). Patterns can include 
specified characters, "don't card" 
characters, choices among charac­
ters, (specified numbers of) repeti­
tions of these constructs, beginning 
of line, end of line. 

- Add, delete, change, copy, or move 
lines 

- Permute contents of a line 
- Replace one or more instances of a 

pattern within a line 
- Combine or split lines 
- Combine or split files 
- Do any of above operations on every 

line (in a given range) that matches a 
pattern 

- Escape to the shell (UNIX system 
command interpreter) during editing 

EX The base program of a family of editors 
including VI. It has all the features of ED 
and implements the line-oriented com­
mands for VI. There are three modes to 
EX: 
command The initial mode; the line­

oriented portion of EX. 
insert Arbitrary text can be entered 

anywhere in the file. 

SED 

VI 
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CAT 

PR 

TAIL 

SPLIT 

visual Entered with the VI com­
mand; the display editing 
portion of EX. 

A stream (one-pass) editor with features 
similar to those of ED. 
A screen-oriented display editor. All the 
features of the ED and EX editors are 
available in VI. There are many other 
features available, such as: 
- cursor positions itself at the actual 

position within the file 
- text can be inserted and deleted at 

any point on a line 
- full cursor control using single key­

stroke commands 
- windows of text can be scrolled for­

ward or backward 
- movement forward and backward 

through the text by words, sentences, 
paragraphs, sections, etc. 

- macros and shorthand versions of 
most commands 

- automatic breaking of long lines 
- automatic indent option when creating 

text 
- recovery of up to 9 blocks of lost text 
- buffers to temporarily hold pieces of 

text to be moved and copied to various 
places 

- several files can be edited simultan­
eously 

- portions of the buffer can be filtered 
through standard UNIX system com­
mands 
usable on a wide variety of terminals 
including CRT, hardcopy, and other 
undefined terminals 
most commands can be given repe­
tition factors 

Concatenates one or more files and lists 
them on standard output. 
Prints files with title, date, and page 
number on every page: 
- variable page length 
- multi-column output 
- parallel column merge of several files 
Prints the ending of a file. The user can 
specify how many lines back in the file to 
start. 
Splits a large file into more manageable 
pieces. Splitting is controlled by the 
number of lines to be put in each output 
file. Another command similar to SPLIT, 
CSPLlT, controls splitting by context. 



PACK 

DD 

OD 

CP 

CPIO 

LN 

MV 

RM 

CHMOD 

CHOWN 

MKDIR 
RMDIR 

CD 

Compresses a file using Huffman codes 
on a byte-by-byte basis. Files are typi­
cally reduced 60-75% of their original 
size. The new file is renamed to indicate 
it is a paGked version. The UNPACK 
command restores the file. 
Physical file format translator, for ex­
changing data with non-UNIX systems. 
DD is also good at making physical 
copies of a file system. 
Dumps any file: 
- output options include: octal or de­

cimal by words, octal by bytes, ASCII, 
operation codes, hexadecimal, or any 
combination thereof 

- range of dumping is controllable 
Copies one file to another or many files 
to a directory. 
Copies a sub-tree of the file system (di­
rectories, links, and all) to another place 
in the file system (often used with the 
FIND command). The CPIO command 
can also copy a sub-tree onto a tape and 
later recreate it from tape. 
Links another name (alias) to an existing 
file. 
Moves one or more files. The MV com­
mand is usually used for renaming files 
or directories. 
Removes one or more files. If any names 
are linked to the file, only the name being 
removed goes away. 
Change access permissions on a file(s). 
Executable by the owner of the file(s) or 
by the super-user. 
Changes owner of a file(s). Only the 
owner of a file can do this. 
Makes one or more new directories. 
Removes one or more (empty direc­
tories). 
Changes working (that is, current) direc­
tory. 
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FIND Searches the directory hierarchy for, 
and performs specified commands on, 
every file that meets given criteria (start­
ing at any directory node): 
- filename matches a given pattern 
- modification date in given range 
- date of last use in given range 
- given permissions 
- given owner 
- given special file characteristics 
- any logical combination of the above 

5.4 Execution of Programs 
SH The shell, or command language inter­

preter, understands a set of constructs 
which constitute a full programming 
language. The shell allows a user or a 
command procedure to: 
- supply arguments to and run any 

executable program 
- redirect standard input, standard out­

put, and standard error files 
- "Pipe" the output of one process 

directly to the input of another pro­
cess with simultaneous execution 

- compose compound commands 
using: 

iLthen ... else, 
case switches, 
while loops, 
for loops over lists, 
break, continue, and exit, 
parentheses for grouping 

- initiate background processes 
perform shell procedures (that is, 
command scripts with substitute 
arguments) 

- construct argument lists from all file 
names matching specified patterns 

- take user-specified action on traps 
and interrupts 

- specify a search path for finding com­
mands 

- automatically create a user-specific 
environment (upon log in) 

- optionally announce presence of mail 
as it arrives 

- provide variables and parameters 
with default settings 
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RSH 

TEST 

EXPR 

TEE 

ECHO 

SLEEP 

WAIT 

NOHUP 

NICE 
KILL 
CRON 

DOC 

Restricts a user to a subset of the UNIX 
system commands (restricted shell). The 
system administrator may construct 
different levels of restriction. 
Tests argument values in shell condi­
tional constructs: 
- string comparison 
- file nature and accessibility 
- boolean combinations of the above 
Calculates command arguments input 
in the form of expressions. The EXPR 
command can perform: 
- integer arithmetic 
- pattern matching 
- conditional side-effect calculations 

(similar to the TEST command) can be 
used for conditional side-effect 

Passes data between processes (like a 
"pipe"), but also diverts copies into one 
or more files. 
Prints its arguments on the standard 
output. The ECHO command is useful 
for diagnostics or prompts in shell pro­
cedures, or for inserting data into a 
"pipe". 
Suspends execution of a process for a 
specified time. 
Waits for termination of a specific or all 
processes that are running in the back­
ground. 
Runs a command immune to interrupt­
ion from "hanging up" the terminal. 
Runs a command at low (or high) priority. 
Terminates the named process(es). 
Performs actions at specified times 
(usually is run by the initialization process 
using instructions stored in a "job" file): 
- actions are arbitrary shell procedures 

or executable programs 
- times are conjunctions of month, day 

of month, day of week, hour, and 
minute. Ranges are specifiable for 
each. 

An on-line version of the UNIX System 
User Reference Manual. Will format out­
put to print on many types of terminals 
and printers. 
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5.5 Status Inquires 
LS Lists the names of one, several, or all 

files in one or more directories. 
- alphabetic or chronological sorting, 

up or down 
- optional information: size, owner, 

group, date last modified, date last 
accessed, permissions 

FILE Tries to determine what kind of informat­
ion is in a file by consulting the file system 
index and by reading the file itself. 

SUM Computes and prints the checksum of a 
file. 

WHAT Prints informational lines found in files 
usually inserted by SCCS. 

DATE Prints current date and time. DATE has 
considerable knowledge of calendrical 
and horologic peculiarities and can be 
used to set the UNIX operating system's 
idea of date and time. (As yet, cannot 
cope with Daylight Saving Time in the 
Southern Hemisphere.) 

DF Reports the amount of free space in a file 
system. 

DU Prints a summary of the total space oc­
cupied by all files in a hierarchy. 

TTY Prints the "name" of the user's terminal 
(that is, the name of the port to which the 
user's terminal is connected). 

WHO WHO Tells which users are logged onto 
the system. 
- lists logged-in users, their ports, and 

the time when they logged in 
- provides optional history of all log ins 

and log outs 
- optionally indicates boot time, current 

run level, and other system information 
- tells the user his login name 

PS Reports on active processes: 
- lists the user's processes or every­

body's processes 
- tells what commands are being execut­

ed at the moment 
- provides optional status information: 

state and scheduling information, 
priority, attached terminal, what the 
process is waiting for, its size, etc. 



ACCTCOM Reports a chronological history of all SORT 
processes that have terminated. 
Information includes: 
- times and sizes of user and system 

processes 
- start and end real times 
- owner and terminal line associated 

with each process 
- system exit status 

PWD Prints the name of the user's working 
(that is, current) directory. UNIQ 

RJESTAT Reports on the status of the Remote 
Job Entry (RJE) interface(s) to an IBM 
host machine. 

UUSTAT Reports status of files queued for 
transmission to other UNIX systems 
(both current and past requests) via TR 
UUCP command. Also provides an 
option to cancel a job. 

LPSTAT Reports current status of the Ip spool­
ing system. There are various options, 
such as: DIFF 
- report status of certain jobs 
- specify certain user's jobs 
- print status of the scheduler COMM 
- indicate status of all jobs on a 

particular printer 

5.6 Inter-User Communication 
MAIL Mails a message to one or more CMP 

users. Also used to read and display 
of incoming mail. The presence of GREP 
mail is announced by the LOGIN 
command. 

NEWS Prints out current general information 
and announcement files. 

CALENDAR Automatically checks a "calendar" CUT 
file for entries with tomorrow's date 
and sends them to MAIL (that is, a PASTE 
reminder service). 

WRITE Establishes direct, interactive ter-
minal-to-terminal communication WC 
with another user. 

WALL Broadcasts a message to all users 
who are logged in. TIME 

MESG Inhibits or permits receipt of messages 
from WRITE and WALL. 

5.7 Utilities 
CXREF Makes a cross-reference listing of a 

set of C source files. The listing cont­
ains all symbols in each file (separately 
or, optionally, in combination). An 
asterisk appears before a symbol's 
declaration. 
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Merges and/or sorts ASCII files line­
by-line: 
- in ascending or descending order 
- lexicographically or on numeric 

key 
- on multiple keys located by deli­

miters or by position 
- in dictionary order, with upper­

case and lower-case characters 
folded together 

Deletes successive duplicate lines in 
a file. 
- prints lines that were originally 

unique, duplicated, or both 
- can give redundancy count for 

each line 
Performs character translation ac­
cording to an arbitrary code. 
- can "squeeze out" repetitions of 

selected characters 
- can delete selected characters 
Reports line changed, additions, and 
deletions necessary to bring two files 
into agreement. 
Identifies common lines in two sorted 
files. Output in up to 3 columns 
shows lines present in first file only, 
present in second file only, and/or 
present in both. 
Compares two files and reports di­
sagreeing bytes. 
Prints all lines in one or more files that 
match a specified pattem. GREP 
patterns are similar to ED patterns. 
- can print all lines that fail to match 
- can print count of "hits" 
Lets the user "cut out" certain columns 
from a table or file by field number. 
Puts together columns side-by-side. 
Often used with GREP and CUT to 
reorganize data in the given files. 
Counts lines and "words" (strings 
separated by blanks or tab charac­
ters) in a file. 
Runs a command and provides timing 
information on it. 
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5.8 Normal Daily Administration 
MOUNT Attaches a device containing a file 

system to the tree of directories. 
UMOUNT Removes the file system contained 

on a device from the tree of direc­
tories. Protects against removing a 

MKFS 
MKNOD 

FSCK 

SYNC 

CONFIG 

CRASH 

pusy device. 
Makes a new file system on a device. 
Makes a file system entry for a special 
file. Special files are physical devices, 
virtual devices, physical memory, 
etc. 
Used to check the consistency of file 
systems and directories and make 
interactive repairs. 
- print statistics: number of files, 

space used, free space 
- report duplicate use of space 
- retrieve lost space 
- report inaccessible files 
- check consistency of directories 
- reorganize free disk space for 

maximum operating efficiency 
Forces all outstanding 110 on the 
system to completion. Normally used 
prior to shutting down the system. 
Tailors device-dependent system 
code to a specific hardware confi­
guration. 
Prints out tables and structures in the 
operating system. CRASH is useful 
for examining operating system core 
dumps after a system "crash". 

5.9 System Monitoring Facilities 
Accounting The process accounting package 

covers time accounting, command 
usage, command frequency, disk 
utilization, and line usage. All of these 
are summarized by user and by com­
mand on a daily, monthly, and fiscal 
basis. The system lends itself to local 

Error 
logging 

needs and modification. 
The UNIX operating system incor­
porates continuous logging hard­
ware error detection and reporting. 
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Profiler 

The System Activity Report package 
is a body of programs for sampling 
the behavior of the operating system. 
The sampling consists of several 
time counters, I/O activity counters, 
context-switching counters, system­
call counters, and file-access coun­
ters. Reports can be generated on a 
daily basis or as desired. 
The Profiler is another group of com­
mands for studying the activity of the 
operating system. It reports the per­
centage of time that the operating 
system spends on user tasks, on 
system functions, and in being idle. 

6.0 Releases: 
The performance and features of the UNIX System 
V Release 1.0 shell have been improved in Release 
2.0 (3.0) with various features such as: 
- functions (saved parsed shell scripts) 
- command hashing and faster directory reads 
- automatic lowering of background process 

priority 
- more built-in commands 
- greater flexibility by programming 
- faster debugging 
- improvements for speed-up program compila-

tion and execution 
- Remote File System (RFS) and Network File Sys-

tem (NFS) support. 
The "UNIX SYSTEM Release 2.0 (3.0) for 68K" is 
also available from FORCE Computers in conjunc­
tion with the microFORCE and FOCUS 32 system 
configurations. 



7.0 Application Programs 
The following application programs are implement­
ed on the FORCE hardware running under UNIX: 

SYS68K1UNIX'-PAS020 Pascal compiler for UNIX' including documentation 
Part No. 150006 

SYS68K/UNIX* 

SYS68K1 AGC-1 GKSGRALU2B1 GKS Level2b implemented under UNIX' forthe Graphic Controller 
Part No. 160001 Board SYS68K1 AGC-1 

SYS68K1AGC-2GKSGRALU2B2 GKS Level2b implemented under UNIX for the Graphic Controller 
Part No. 160003 Board SYS68K1 AGC-2 
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System 68000 VME 
SYS68K/GKSGRAL 
Graphical Kernel System 

517 



SYS68K/GKSGRAL 

1. General Information 

The Graphical Kernel System (GKS) has been de­
veloped over a long process since 1976 and has 
evolved as an international standard. More than 
100 scientists from all over the world invested 
probably more than 50 man years to make GKS the 
consistent and complete graphics standard it is to­
day. 

2. GKSGRAL Introduction 

GKSGRAL is a full implementation of the Graphical 
Kernel System GKS, which is both an international 
ISO standard (ISO DIS 7942) 11 1 and is accepted for 
several national standards, e.g., DIN, ANSI, 8SI, 
AFNOR, NNI. 
This first international standard offers the capability 
to create and represent two-dimensional pictures, 
handle input from graphical workstations, structure 
and manipulate pictures, and also to store and re­
trieve the pictures. 
The main objectives of the standard were: 
• Portability of application programs between dif­

ferent GKS installations on varying computing 
environments 

• Unifying the concepts of graphics program­
ming, therefore easing the programmer's 
training 

• Guiding hardware and system manufacturers 
when providing graphics capabilities 

2.1 The GKSGRAL System Structure 

The GKSGRAL implementation is a modular sub­
routine package with a well-defined internal struc­
ture and a set of interfaces that can be used for 
many configuration possibilities. 
The Graphical Kernel System (GKS) provides a set 
of functions for computer graphics programming. 
GKS is a basic graphics system that can be used by 
the majority of applications that produce computer 
generated two-dimensional pictures on line gra­
phics or raster graphics output devices. The main 
reasons for introducing the GKS standard are: 
a. To allow application programs involving graphics 

to be easily portable between different installa­
tions; 

b. To aid the understanding and use of graphics 
methods by application programs; 

c. To serve manufacturers of graphics equipment 
as a guideline in providing useful combinations 
of graphics capabilities in a device. 

In order to reach these objectives, the GKS design 
was based on the following requirements: 
a. GKS shall include all the capabilities that are 

essential for the whole spectrum of graphics, 
from simple passive output to highly interactive 
applications; 

b. The whole range of graphics devices, including 
vector and raster devices, microfilm recorders, 
storage tube displays, refresh displays and co­
lour displays shall be controllable by GKS in a 
uniform way. 

c. GKS shall provide all the capabilities required by 
a majority of applications without becoming un­
duly large. 

The GKSGRAL system can be subdivided into 
three layers: 

• The GKSGRAL kernel: 
a. Provides the standard FORTRAN interface to 

application programs. Other language inter­
faces as well as communication interfaces 
in distributed systems sit on top of the 
FORTRAN interface. 

b. Keeps the GKS state list, handles most of the 
GKS error conditions and distributes com­
mands to the single workstations. 

c. Interprets the GKS metafile input, by asso­
ciating, copying and inserting segments out 
of the segment storage workstation. 
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d. Redraws segments on workstations which 
have no own segment storage or cannot fulfill 
all of the GKS dynamic modifications functions. 

• The GKSGRAL Workstation Layer: 
The main task of the GKSGRAL workstation 
layer is to map the logical GKS workstation 
functions onto the existing peripheral device 
functions. For real graphical devices, this is a 
set of graphics commands. To ease the writing 
of new graphics device drivers, we separated 
the device-specific command coding from al­
gorithmic computations. The latter ones, e.g. 
coordinate transformations, clipping and high 
quality text, are performed within the worksta­
tion layer, the coding of a coordinate into cha­
racters is done within a device drive. 
For metafiles, the workstation layer maps the 
GKS functions to standard codings on sequen­
tial files with fixed record lengths and vice versa. 
For the WISS, an optimized portable solution is 
implemented which stores and retrieves GKS 
picture descriptions (with the help of a memory 
resident working set and a direct access file). 

• The GKSGRAL Device Driver Layer: 
As already mentioned, GK8GRAL device dri­
vers are intended to perform the device specific 
command and data coding and to communi­
cate with the operator via the hardware. All de­
vice drivers must fulfill a certain set of functions 
and may contain an optional set of functions. 
The minimal required set of functions comprises 
the GKS output primitives in device coordina­
tes, the according direct attributes and a set of 
INQUIRY functions. 



2.2 GKSGRAL Interface 

The GKSGRAL system provides a set of interfaces 
which either correspond to certain ISO standards 
or are defined by GTS/GRAL in order to support 
well-defined exchangeable subsystems and sy­
stem components. 
These interfaces are: 
• the language interfaces 
• the metafile interfaces 
• the graphics device interface 
• symbol interfaces 

2.3 GKSGRAL Input 

The input part of GKSGRAL is divided into three 
modules above the device interface and one mo­
dule below it. The three modules above are: 
a. The Request Input Module: 

This module comprises the INITIALIZE, the SET 
MODE, the corresponding INQUIRE and the 
REQUEST functions. These functions perform 
the error handling, data conversions such as 
unpacking the data record, string into integer 
can version, etc. and the simulation of non-sup­
ported logical input devices like calculating a 
segment name from a position for a PICK device, 
or transforming points from DC into WC for 
LOCATOR and STROKE devices. All data is pas­
sed over GKDDLK to the device drivers. 

b. The Sample Input Module: 
This module only contains the SAMPLE func­
tions. Error checking is performed, the input data 
is sampled via the device interface and trans­
formed (or mapped) to the world coordinate level. 

c. The Event Input Module: 
This module implements the GET function, the 
AWAIT and FLUSH functions and one INQUIRE 
function. It also contains the current event report. 
The event queue is kept in the device input hand­
Ier. When calling the AWAIT function, the DCV 
event reports are acquired via the device inter­
face and transformed (or mapped) to the world 
coordinate level, and stored as current event re­
port. 

d. The Device Input Handler Module: 
This set of routines is situated below the GKDDLK 
interface. It keeps the current logical DC input 
device measure values and the DC input queue 
(one for all connected device). It is also respon­
sible for mapping the physical input values into 
logical DC values and for performing the echo, 
if this is not done by the input handler of the phy­
sical input devices. 

The input handler can be realized in three ways, de­
pending on the operating system facilities: 
1. It can be called asynchronously by an interrupt 

routine 
2. It can run as a separate task together with the 

device drivers 
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3. It performs only when an AWAIT function or a 
REQUEST function is pending, i.e., only when 
the application program waits for any input. This 
realization allows for the handling of several in­
put devices at the same time (if the application 
program enables a number of input devices and 
waits forthe input from anyone of these). Howe­
ver, it does not implement true asynchronous 
input handling, i.e., input devices can only be 
handled and echo is only performed when the 
application program calls REQUEST or AWAIT 
- EVENT functions. 

3. The Implemented GKSGRAL 

The GKSGRAL Level 2b is implemented on the 
FORCE COMPUTERS Systems. 
This level 2b contains the following features: 
• Segmentation including segment-handling and 

storing on separate memory areas 
• Update control 
• Multiple workstations support 
• Metafile support 
• Duplication and transfer to other workstations 
• Request Input including Pick 

4. Supporting Operating Systems 

The GKSGRAL level 2b is implemented under the 
UNIX' 5.2 and under the PDOS* operating system. 
It is available for all system configurations of 
FORCE COMPUTERS. The user interface and the 
intemal structure of GKS are remaining the same 
and therefore the GKS standard is fully protected. 

4.1 GKSGRAL Implementation for UNIX* 5.2 

Minimum requirements: 
• 1-2 free slots 
• 80 Mbyte Winchester 
• 4 Mbyte system memory 
• UNIX* operating system Version 5.2 or later 

68010 or 68020 based 
• Fortran 77 and C-compiler 
• Language supported: 

- Fortran 77 
-C 

4.2 GKSGRAL Implementation for POOS* 

Minimum requirements: 
• 1-2 free slots 
• 1 Mbyte available memory 
• 20 Mbyte Winchester 
• PDOS* operating system, Version 3.2a or later 

68000/68010/68020 based 
• PDOS* Fortran 77 Compiler, Version 3.2a or 

later 
• Language supported: 

- Fortran 77 
*UNIX is a Trademark of Bell Laboratories 
'PDOS is a Trademark of Eyring Research Inst. 
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5. Supported Hardware 

The graphic boards which are supported under 
GKSGRAL are the SYS68K1 AGC-1 and the SYS68K1 
AGC-2. For both VMEbus based graphic boards 
a driver is developed and all GKSGRAL functions 
are supported by these drivers. Additionally, the in­
put functions for mouse, keyboard or tableau are 
implemented on serial 1/0 boards of FORCE 
COMPUTERS. Therefore a graphic workstation 
building with input and output devices is possible. 

Ordering Information 

SYS68K1GKSGRAL-U2B1 
Part No. 160001 

GKS level2b under UNIX' forAGC-1 including documentation 

SYS68K1GKSGRAL-P2B1 
Part No. 160000 

SYS68K1GKSGRAL-U2B2 
Part No. 160003 

SYS68K1GKSGRAL-P2B2 
Part No. 160002 

SYS68K1GKSGRAL-2B1/UM 
Part No. 800111 

GKS level2b under POOS' for AGC-1 including documentation 

GKS level2b under UNIX' for AGC-2 including documentation 

GKS level2b under POOS' for AGC-2 including documentation 

GKS User's Manual 
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System 68000 VME 
SYS68KI MOTH 
VMEbus Motherboards 

• Full VMEbus lev.(/P1014 compatible 
• J1 and J2 motherboards available 
• Various number of slots 5 up to 21 
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General Information 
All Motherboards of the SYS68K/MOTH family are 
VMEbus (IEEE 1014 standard) compatible. The 
transfer speed is 20 MHz (minimum) and 5, 9, 12, 20 
or 21 VME modules can be plugged in via the 96 pin 
connectors (DIN 41612C). 
Two different backplane versions are defined in the 
IEEE 1014 standard specification, the J1 and J2 
backplane. The J1 backplane offers operations 
with 24 address and 16 data lines which are prim­
arily used for 16 bit processors. The J2 backplane 
offers an extension for the 32 bit processors be­
cause it adds 8 address and 16 data lines to fully 
support 32 bit· address and data together with the 
J1 backplane. It also provides additionally power 
driving capabilities for 16 bit environments (i.e. 
SYS68K/DRAM-E3). 
A 5 slot backplane (SYS68K/MOTH-05A), a 12 slot 
backplane (SYS68K/MOTH-12A) and a 21 slot J2 
backplane (SYS68K/MOTH-E21A) are shown on 
the previous page. 

Board Assembly 
The SYS68K/MOTH Motherboard is produced 
with gold plated fast-on connectors for power con­
nections. Additionally, the Motherboard (J1 back­
plane) contains 4 connectors for the VMEbus, IEEE 
1014 bus exception signals: 

No. of 
Type Slots 

+5V 

MOTH-05A J1 5 
MOTH-09A J1 9 
MOTH-12A J1 12 
MOTH-20A J1 20 
MOTH-21A J1 21 

MOTH-E05A J2 5 
MOTH-E09A J2 9 
MOTH-E12A J2 12 
MOTH-E20A J2 20 
MOTH-E21A J2 21 

Mechanical Environment 
All of the mechanics are VMEbus/lEEE 1014 stan­
dard compatible and each ofthe J1 backplanes can 
be used together with each of the J2 backplanes. 
The J2 backplanes have wire wrap type connector 
pins on the backside to interconnect to a user 
supplied 1/0 or to a VMXbus backplane. 

4 
8 

12 
16 
16 

4 
8 

12 
16 
16 
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BERR* 
ACFAIL* 
SYSFAIL* and 
SYSRESET* 
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Each signal line is terminated according to the 
specification with 330/470 Ohm resistors to gua­
rantee the high level voltage of2.94V. The J1 back­
plane contains 6 resistor networks (B2 pins) and 
the J2 backplane contains 2 resistor networks for 
termination. 
All lACK and Bus-Grant daisy chain signals on the 
J1 backplane can be jumpered directly to the next 
slot to establish the daisy chain. All jumpers for the 
daisy chain are included. 

Electrical Environment 
Power is supplied to the backplanes (J1 and J2) 
through gold plated fast-on connectors. 
A supply current of maximum 25A per connector 
may be drawn. 
For a reduction of the contact resistance, the 
Motherboard contains more power connections 
than needed only for the maximum allowed value 
(4.5A per slot). To connect the sense signals of the 
power supply to the Motherboard, 2 sense signals 
(+5V SENSE and GND SENSE) are installed in the 
middle of each backplane. The following table lists 
the number of power points for each supply voltage 
for each Motherboard. 

No. of Connectors 

+12V -12V +5VSTDBY GND 

2 2 2 4 
2 2 2 8 
4 4 4 12 
8 8 4 20 
8 8 4 20 

- - - 4 
- - - 8 
- - - 12 
- - - 20 
- - - 20 

Dimensions Length (mm) Length (inch) 

J1/J2 5slot 100 39 
J1/J2 9slot 181 71 
J1/J2 12 slot 242 95 
J1/J2 20 slot 405 159 
J1/J2 21 slot 425 167 
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Specification 

Backplane Wiring 

Construction 

Connectors 

Daisy Chain 

Bus Terminators 

Power Requirements 

Dimensions 

Temperature Range 

Humidity 

Ordering Information 

Utilises all specified signal and power supply lines of the VMEbus 
specification 
All connectors are supplied in press fit technique 
J1 Backplane 6 layers 
J2 Backplane 2 layers 
DIN 41612C female connector 
Gold plated Fast-On connectors for power supply connection 
and exception signals (4) 
All daisy chain signals can be jumpered from the backside of the 
Motherboard 
All specified signal lines have termination networks at both 
ends of the Motherboards (330 Ohm 1470 Ohm) 
5.5W (typ) 5V 11.1 A (typ) J1 Backplane 
5.5W (typ) 5V I 0.34 A (typ) J2 Backplane 
Both Motherboard types are equipped to be mounted in a 
standard 19" card cage 
Operating Temperature: 0 to 70 deg. C 
Storage Temperature: -25 to 90 deg. C 
Operating Humidity: 0 to 95 % 
(non-condensing) 

All Motherboards are shipped together with a hardware user's manual describing the usage of the board in 
detail and the daisy chain jumpers (J1 backplane only). 

SYS68K1MOTH-05A 
Part No. 500005 

SYS68K/MOTH-09A 
Part No. 500011 

SYS68K/MOTH-12A 
Part No. 500006 

SYS68K/MOTH-20A 
Part No. 500013 

SYS68K/MOTH-21 A 
Part No. 500007 

SYS68K/MOTH-E05A 
Part No. 500008 

SYS68K/MOTH-E09A 
Part No. 500012 

SYS68K/MOTH-E12A 
Part No. 500009 

SYS68K/MOTH-E20A 
Part No. 500014 

SYS68K/MOTH-E21 A 
Part No. 50001 0 

SYS68K/MOTH-AlHUM 
Part No. 800072 

5 slot J1 Motherboard 

9 slotJ1 Motherboard 

12 slot J 1 Motherboard 

20 slot J 1 Motherboard 

21 slotJ1 Motherboard 

5 slot J2 Motherboard 

9 slot J2 Motherboard 

12 slot J2 Motherboard 

20 slot J2 Motherboard 

21 slot J2 Motherboard 

Hardware User's Manual for all backplanes 
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SYS68K/CHAS19n 

System 68000 VME 
SYS68K/CHAS1'/7 
Industrial VMEbus Enclosures 

• l' inch chassis including card cage 
• Low noise fans undemeath of the card cage 
• 'or 21 slot P1 VMEbus motherboard 
• 'or 21 slot P1 and P2 VMEbus motherboard 
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1. General Information 
The SYS68K/CHAS19 is an industrial 19" rack of 
steel-reinforced aluminium, with a baked lacquer 
exterior finish. It features side grips for easy trans­
portation and has mains switch, power connector 
and cooling fans already integrated. 

2. Features 
- The SYS68K/CHAS19-0917HE contains a 9-slot 

motherboard designed to interconnect VME 
modules (see photo on opposite page and data 
sheet for the SYS68K/MOTH series). 

- The SYS68K1CHAS19-21 17HE contains a 21-slot 
motherboard for the interconnection of VME 
modules. 

- The SYS68K/CHAS19-09E17HE and the 
SYS68K1CHAS19-21 El7HE provide an additional 
P2 motherboard for the VME 32-bit expansion. 

Ordering Information 

SYS68K1CHAS19n 

- Three PAPST 4800/4850 standard fans or equiv­
alent, mains switch, power connector and inter­
face cables are always integrated. 

3. Construction 
The SYS68K/CHAS19 is constructed of two cast 
aluminium sections and four aluminium connecting 
supports. 
The interconnecting formed elements and locking 
screws provide good stability. Special grounding 
clips are used when attaching the sheet metal pa­
nels to the aluminium frame. Central grounding can 
be in various locations, preferably on the backside 
of the enclosure. 

SYS68K/CHAS19-0917HE 
Part No. 610100 

7HE Chassis with 9-slot VME motherboard including fans, mains 
switch, cabling. 

SYS68K/CHAS19-2117HE 
Part No. 610104 

SYS68K/CHAS19-09E17HE 
Part No. 610101 

SYS68K/CHAS19-21 E17HE 
Part No. 61 01 05 

7HE Chassis with 21-slot VME motherboard including fans, mains 
switch, cabling. 

7HE Chassis with 9-slot VME motherboard and 32-bit expansion 
motherboard, including fans, mains switch, cabling. 

7HE Chassis with 21-slot VME motherboard and 32-bit expansion 
motherboard, including fans, mains switch, cabling. 
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SYS68K/CHAS-19/12 

System 68000 VME 
SYS68KI (HAS-'9/" 
Industrial VMEbus Enclosure 

• 19" chassis, including card cage 

• Low noise fans on top of the card cage 

• 21-slot P1 and P2 VMEbus motherboard 

• 90A power supply 

• Mounting equipment for up to 4 drives 
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1.0 General Information 

The SYS68K1CHAS-19/12 is an industrial 19" rack 
of steel-reinforced aluminium. It features a 19" 6HE 
rack, including a J1 and J2 VMEbus motherboard 
as well as cooling fans on top ofthe 12HE enclosure. 
A 90A power supply is installed in order to support 
the 21 VMEbus slots, as well as the up to 4 mount­
able Winchester/floppy disk drives. 

3.0 Ordering Information 

SYS68K/CHAS-19/12 

2.0 Features 

• 21-slot VMEbus backplane (J1 and J2) 
• 90A at +5V power supply, mounted in a 3HE 

card cage (+12V: 20A, 12V: SA) 
• Mounting places for up to 4 Winchester/floppy 

drives in a 3HE enclosure 
• 3 quiet fans on top of the card cage for the VME­

bus boards 
• All the cabling needed for the interconnection of 

the power supply to the VMEbus motherboards 
as well as to the Winchester/floppy drives is in­
cluded 

• Special grounding clips are used when attach­
ing the sheet metal panels to the aluminium 
frame 

SYS68K/CHAS-19/12 
Part No. 61 0190 

12HE chassis with J1 and J2 VMEbus motherboard (21 slots), 
including fans, main switch, cabling and 90A power supply. 
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SYS68K/PWR-09A 

System 68000 VME 
SYS68K/PWR·09A 
Power Supply 

• Outputs +5V 136A 
+1tV/6A 
-1tV/tA 

• Inputs nov IttOV at 50-60 Hz 
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General Description Features 
The SYS6SK/PWR-09A is a high performance 
power supply especially designed for VMEbus 
based systems. Easy installation is provided 
through two DIN 41612 connectors and the cable 
subassembly which allows the direct connection to 
a Floppy/Winchester combination and a VMEbus 
motherboard. 

• High reliability 
• VMEbus Spec compatible SYSRESET and 

ACFAIL signal 
• Compact dimensions 
• Outputs: +5V/36A 

+12V/6A 
-12V/2A 

A main power switch with control LED's for each 
supply voltage (+5V, + 12V, -12V) IS available on the 
front panel. The power supply can be used with 
11 OV /220V at 50 to 60 Hz. 

• Inputs 110V/220Vat 50-60 Hz. 

SpeCifications 

Input Voltage 
Input Frequency 
Input Current 

Output Voltage 

Efficiency 
Pard (periodic ripple) 

(random noise) 
Dynamic Behavior 

Regulation 
Turn-on DelayTime 
Turn-off Decay Time 
Output Protection 

Specials 
M.T.B.F. 
Cooling 
Operating Temp. 
Storage Temp. 
Relative Humidity 
Safety Class 
RFI 
Connectors 
Dimensions 

Weight 

UE = 110V/220VAC +/-10% user selectable via fuse 
f= 50-60Hz 
220V AC: IE = 2.5A (typ) IE = 50A (max) input peak 
11 OV AC: IE = 5A (typ) IE = 50A (max) input peak 

DC OUTPUT 

Nom. 
Voltage 

Settl. Range 
Current 

50°C 
forced cooling 

+ 5V 
+12V 
-12V 
>75%(5V) 

5 ... 5.5V 
12V 
12V 

<50mVpp (30 MHz bandwidth) 
<30mVr. m.s (1 0 MHz) bandwidth) 

36A 
6A 
2A 

For instantaneous load changes (dlo/dt = 0.5A/us) the 
transient recovery time to settle within 1.5% of output voltage: 
2 ms for 10 = 30% - SO% IA nominal 
For transient voltage changes (overshoot) which could exceed 
the regulation limits: 
200mV for IA nom. = 30% - SO% or SO% - 30% 
for +/-1 0% main input variations +5V stat +/-1 % 
<SOO ms to reach load specification at 25 degree C 
> 1 0 ms at nom. load and nom. mains 
Full overload protection of all outputs short approx. 
0,66 x IA nom. OVP (5V) approx. 1.3 x UA nom. 
Power fail signal (TTL compatible), 5V Sense line 
SO. 000 operating hours at 25 degrees C 
Free convection or forced cooling (3 mls) 
o to +50 degrees C 
-25 to +S5 degrees C 
10% to 90% (non condensing) 
Conforms to Class I VDE OS04 
VDE OS71 class B 
two H15 DIN 41612 
Full metal cassette 
6HE/12TE, depth 21 0 mm/S.26 inch 
3.0 kg 
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SYS68K/PWR-09A 

Ordering Information 

SYS68K1PWR-09A 
Part No. 700008 

SYS68K1PWR-09A/CA 
Part No. 700018 

SYS68K1PWR-09NUM 
Part No. 800060 

Power Supply PWR-09A including User's Manual 

Cable Assembly forthe PWR-09A 

User's Manual for SYS68K/PWR-09A 
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SYS68K/PWR-20 

System 68000 VME 
SYS68K/PWR·10 
Power Supply 

• Outputs +5V 190A 
+1IV/IOA 
-11V/5A 

• Inputs nov IIIOV at 50-60 Hz 
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SYS68K/PWR-20 

General Description Features 
• High Reliability 
• Outputs: + 5V/90A 

+12V120A 
-12V15A 

The SYS68K1PWR-20 is a high performance pri­
mary switching power supply. This power supply is 
especially designed for high integrated systems 
and includes VMEbus compatible signals (SYSRE­
SET and ACFAIL). An inhibit switch signal is also 
supported for the control of the output Voltages. 
The control LED's for each supply voltage (+5V, 
+ 12V, -12V) are available on the front panel. The 
+12V, -12V connections, sense lines for +5V, 
+12V, GND and the VMEbus compatible signals 
are available on the backside via a H15 DIN 41812 
connector. The +5Vand GND load connections are 
placed on to the cupreous flange special connector 
for the 90A power. 

• Compact Dimensions 3HEl84TE and 200 mm 
depth 

Specifications 

Input Voltage 

Input Frequency 
Input Current 

Output Voltage 

Efficiency 
Pard (periodic ripple) 

(random noise) 
Dynamic Behaviour 

Regulation 
Turn-on DelayTime 
Turn-off Decay Time 
Output Protection 

Specials 

M.T.B.F. 
Cooling 
Operating Temp. 
Storage Temp. 
Relative Humidity 
Safety Class 
RFI 
Connectors 
Dimensions 

Weight 

• VMEbus compatible SYSRESET, ACFAIL 
signals 

• Inputs: 11 OV/220V at 50-60Hz 
• Fan is included on the Power Supply 
• Sense Lines for +5V, +12Vand GND 
• Inhibit switch signal 

UE = 110VAC +/-20% user selectable via fuse 
220V AC + 20 %, -10 % user selectable via fuse 

f = 50-60 Hz 
220V AC: IE = 8A (typ) 
110VAC: IE = 16A(typ) 

IE = 1 OOA (max) input peak 
IE = 100A(max) input peak 

Nom. 

DC OUTPUT 
Voltage 

Settl. Range 
Current 

50DegC forced 

+ 5V 
+12V 
-12V 
>75%(5V) 

5 ... 5.5V 
12V 
12V 

<50mVpp (30 MHz bandwidth) 
<30mVr.m.s (1 0 MHz bandwidth) 

90A 
20A 
5A 

For instantaneous load changes (dlo/dt = 0.5A/us) the 
transient recovery ti me to settle within 1.5 % of output voltage: 
2 msforlo = 30%-80% IAnominal 
For transient voltage changes (overshoot) which could exceed 
the regulation limits: 
200mVforlAnom. = 30%-80% or80%-30% 
for+/-10% main input variations +5Vstat +/-1 % 
<800ms to reach load specification at 25 degree C 
> 1 Oms at nom.load and nom. mains 
Full overload protection of all outputs Ishort approx. 
0.66x IA nom. OVP (5V) approx. 1.3 x UAnom. 
ACFAIL SYSRESET (TTL compatible), 
5V, + 12Vand GND sense lines 
50.000 operating hours at 25 degrees C 
Free convection orforced cooling (3m/s) 
o to +50 deg rees C 
-25 to +85 degrees C 
10% to 90% (non condensing) 
Conforms to Class I VDE 0804 
VDE0871 class B 
One H 15 DI N 41612 and two Cupreous Flanges 
Full metal cassette 
3HE/84TE, depth 200 mm/7.86 inch 
10.5 kg 
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SYS68K/PWR-20 

Ordering Information 

SYS68K1PWR-20 
Part No. 700009 

SYS68K1PWR-20/CA 
Part No. 700030 

SYS68K1PWR-20/UM 
Part No. 800070 

Power Supply SYS68K/PWR-20 including User's Manual 

Cable Assembly for the PWR-20 

User's Manual for SYS68K/PWR-20 
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SYS68K/WFMOD 

System 68000 VME 
SYS68K/WFMOD 
Winchester/Floppy Drive Module 

• Three Configurations with 20/50/ 
80/175 Mbyte Winchester 

• Additional 1 Mbyte Floppy Drive 
• Fits into a 19" rack 
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SYS68K/WFMOD 

SYS68K1WFMOD-50 

FORCE COMPUTERS 
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SYS68K/WFMOD 

General Description SYS68K/WFMOD-50 
The SYS68K1WFMOD is a universal mass memory 
module for VMEbus systems. Each of the three 
configurations contains a floppy and a Winchester 
drive with different capacities. All power and con­
trol signal connectors are located on the back side 
for easy integration. The SYS68K1WFMOD can be 
installed in a 19" rack of appropriate depth and 
height. 

The SYS68K/WFMOD-50 is configured as follows: 

Configurations 
SYS68K1WFMOD-20 

Chassis 6HE/30TE with a 50 Mbyte Winchester 
and a 1 Mbyte slim line Floppy Drive. 

SYS68K1WFMOD-80 
The SYS68K1WFMOD-80 is configured as follows: 
Chassis 6HE/30TE with a 80 Mbyte Winchester 
and a 1 Mbyte slim line Floppy Drive. 

SYS68K/WFMOD-175 
The SYS68K1WFMOD-175 is configured as follows: 

The SYS68K1WFMOD-20 is configured as follows: Chassis 6HE/30TE with a 175 Mbyte Winchester 
and a 1 Mbyte slim line Floppy Drive. Chassis 6HE/30TE with a 20 Mbyte Winchester 

and a 1 Mbyte slim line Floppy Drive. 

Specifications 

Winchester capacity 
(unformatted) 
Floppy capacity 
Winchester Interface 
Floppy Interface 
Power 

Chassis 

Depth 
Operating Temp. 
Relative Humidity 
Power Connectors 

Control 

Connectors 

Ordering Information 

SYS68K1WFMOD-20 
Part No. 700002 

SYS68K1WFMOD-50 
Part No. 700020 

SYS68K1WFMOD-80 
Part No. 700012 

SYS68K1WFMOD-175 
Part No. 700022 

WFMOD-20 WFMOD-50 WFMOD-80 

20 Mbyte 50 Mbyte 80 Mbyte 

1 Mbyte 1 Mbyte 1 Mbyte 
ST5061412 ST506/412 ST506/412 
SA 460 SA 460 SA 460 
+ 5V(A) + 5V(A) + 5V(A) 
+12V(A) +12V(A) +12V(A) 
6HE/30TE 6HE/30TE 6HE/30TE 
19"compatible 19"compatible 19"compatible 
230mm 
10°C-46°C 
10% -80% 
AMPPIN 
480424-0 
34 pin edge 
Connectors 
20pinedge 
Connectors 

230mm 230mm 
10°C-46°C 10°C-46°C 
10%-80% 10%-80% 
AMP PIN AMPPIN 
480424-0 480424-0 
34 pin edge 34 pin edge 
Connectors Connectors 
20 pin edge 20 pin edge 
Connectors Connectors 

Winchester Floppy Module with 20 Mbyte 
Winchester, including OEM Manuals 

Winchester Floppy Module with 50 Mbyte 
Winchester, including OEM Manuals 

Winchester Floppy Module with 80 Mbyte 
Winchester, including OEM Manuals 

Winchester Floppy Module with 175 Mbyte 
Winchester, including OEM Manuals 
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WFMOD-175 

175 Mbyte 

1 Mbyte 
SCSI 
SA 460 
+ 5V(A) 
+12V(A) 
6HE/30TE 
19" compatible 
230mm 
10°C-46° 
10%-80% 
AMPPIN 
480424-0 
34 pin edge 
Connectors 
50 pin 
IDC 





Direct Offices, Distributors & Representatives 

Direct Offices, Distributors and 
Representatives 
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FORCE COMPUTERS U.S. Direct Offices, Distributors & Representatives 

CORPORATE HEADQUARTERS 

FORCE COMPUTERS INC. 
3165 Winchester Blvd. 
Campbell, CA 95008 
Tel.: (408) 370-6300 
Tlx.: 172465 
Fax: (408)3741146 

U.s. SALES OFFICES 

CALIFORNIA 
FORCE COMPUTERS INC. 
3165 Winchester Blvd. 
Campbell, CA 95008 
(408) 370-6300 

GEORGIA 
FORCE COMPUTERS INC. 
1080 Holcomb Bridge Road 
Roswell Summit 200 
Suite 100 
Roswell, GA 30076 
(404) 642 9647 

NEW HAMPSHIRE 
FORCE COMPUTERS INC. 
18 Pelham Road 
Salem, NH 03079 
(603) 893 2757 

ALABAMA 
EMA 
309 Jordan Lane, N.w. 
Huntsville, AL 35805 
205/830-4030 

ALASKA 
FORCE COMPUTERS, Inc. 
3165 Winchester Blvd. 
Campbell, CA 95008 

1-800-BEST VME I or 1-800-237-8862 

ARIZONA 
I.M. Systems 
15230 N. 75th Street 
SUite 111 
Scottsdale, AZ. 85260 
6021948-1495 

ARKANSAS 
S.C.i.Sales 
17300 Dallas Parkway 
Suite 1150 
Dallas, TX 75248 
214/931-1487 

CALIFORNIA (Northern) 
FORCE COMPUTERS, Inc. 
3165 Winchester Blvd. 
Campbell, CA 95008 
(408) 370-6300 

CALIFORNIA (Southern) 
Viatek 
31926 Rancho Viejo Road 
Suite 205 
San Juan Capistrano, CA 92675 
619/292-1819 

Vlatek 
5655 N. Lindero Canyon Rd. 
Bldg. 100 
Westlake Village, CA 93162 
714/661-4141 

COLORADO 
10M. Systems 
7125 W. Jefferson Ave. 
Suite 300 
Lakewood, CO 80235 
303/988-1762 

CONNECTICUT (Fairfield Co.) 
Radiation Electronics 
225 Westchester Ave. 
Port Chester, NY 10573 
914/937-2300 

CONNECTICUT (Northern) 
Betronic Associates 
885 Main Street 
Waltham, MA 02154 
617/894-8400 

DELAWARE 
Miller & Dietz 
9 N. Bacton Hill Road 
Frazer, PA 19355 
215/647-7373 
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FLORIDA 
EMA 
170 East Lake Brantley Road 
Longwood, FL 32779 
305/682-1202 

GEORGIA 
FORCE COMPUTERS, INC. 
1080 Holcomb Bridge Road 
Roswell Summit 200, 
Suite 100 
Roswell, GA 30076 
404/642-9647 
EMA 
620 Colomal Park Drive 
Roswell, GA 30075 
404/992-7240 

HAWAII 
FORCE COMPUTERS, INC. 
3165 Winchester Blvd. 
Campbell, CA 95008 

1-800 BEST VME I or 1-800-237-8862 

IDAHO 
10M. Systems 
7125 W. Jefferson Ave. 
Suite 300 
Lakewood, CO 80235 
303/988-1762 

ILLINOIS (Southern) 
John Macke Co. 
11710 Administration Drive 
Suite 3 
St. Louis, MO 63146 
314/432-2830 

ILLINOIS (Northern) 
Micro-Tex, Inc. 
2400 West Central Road 
Hoffman Estates, IL 60196 
312/382-3001 

INDIANA 
FORCE COMPUTERS, INC. 
3165 Winchester Blvd. 
Campbell, CA 95008 

1-800-BEST VME I or 1-800-237-8862 

IOWA 
FORCE COMPUTERS, INC. 
3165 Winchester Blvd. 
Campbell, CA 95008 

1-8001BEST VME I or 1-800-237-8862 

KANSAS 
DLE Electronics 
4771 No. Glendale 
Wichita, KS 67220 
3161744-1229 

KENTUCKY 
Dolfuss-Root & Co. 
13477 Prospect Rd. 
Strongsville, OH 44136 
216/238-0300 



FORCE COMPUTERS U.S. Direct Offices, Distributors & Representatives 

LOUISIANA NEBRASKA NORTH DAKOTA 
S.C. I. Sales DLE Electronics PSI 
17300 Dallas Parkway 4771 N. Glendale 7732 West 78th Street 
SUite 1150 Wichita, KS 67220 Minneapolis, MN 55435 
Dallas, TX 75248 316/744-1229 612/944-8545 
214/931-1487 

NEVADA (Northern) OHIO 
MAINE FORCE COMPUTRS, INC Dolfuss-Root & Co. 
Betronlc Associates 3165 Winchester Blvd. 13477 Prospect Rd. 
885 Main Street Campbell, CA 95008 Strongsville, OH 44136 
Waltham, MA02154 216/238-0300 
617/894-8400 1-800 BESTVME I or 1-800-237-8862 

OKLAHOMA 
MARYLAND NEVADA (Southern) S.C. I. Sales 
Miller & Dietz I.M. Systems 17300 Dallas Parkway 
3700 Koppers SI., Ste 109 15230 N. 75th Street Suite 1150 
Baltimore, MD 21227 SUlte111 Dallas, TX 75248 
301/574-7777 Scottsdale,AZ 85260 214/931-1487 

MASSACHUSETTS 
602/948-1495 

OREGON 
Betronlc Associates NEW ENGLAND Distnbutor Cascade Data Mkt Inc 
885 Main Street Impact Sales 4570 S. W. 99th Ave. 
Waltham, MA02154 55 Shawmut Road Beaverton, OR 97005 
617/894-8400 Canton, MA 02021 503/641-9266 

617/821-1500 
MICHIGAN PENNSYLVANIA (Eastern) 
Lowell-Wendt Marketing NEW HAMPSHIRE Miller & Dietz 
12620 Newburgh Road Betronic Associates 9 N. Bacton Hill Road 
livonia, MI48150 885 Main Street Frazer, PA 19355 
313/464-2722 Waltham, MA 02154 215/647 -7373 

MICHIGAN 
617/894-8400 

PENNSYLVANIA (Western) 
McNaughaton-McKay NEW JERSEY (Northern) Dolfuss-Root & Co. 
1357 East Lincoln Street Radiation ElectroniCs 98 Vanadium Rd. 
Madison Heights, MI48071 225 Westchester Ave. Building D 
313/399-7500 Port Chester, NY 10573 Bndgeville, PA 15017 

914/937-2300 412/221-4420 
MINNESOTA 
PSI NEW JERSEY (Southern) RHODE ISLAND 
7732 West 78th Street Miller & Dietz Betronlc Associates 
Minneapolis, MN 55435 9 N. Bacton HIli Road 885 Main Street 
612/944-8545 Frazer, PA 19355 Waltham, MA02154 

215/647-7373 617/894-8400 
MISSISSIPPI 
EMA NEW MEXICO SOUTH CAROLINA 
309 Jordan Lane, NW. I.M Systems EMA 
Huntsville, AL 35805 15230 N. 75th Street 6604 Six Forks Road 
205/830-4030 Suite111 Suite 204 

MISSOURI (Eastern) Scottsdale, AZ 85260 Raleigh, NC 27609 
919/846-6888 

John Macke Co. 602/948-1495 
11710 Administration Drive NEW YORK CITY SOUTH DAKOTA 
Suite 3 Radiation Electronics PSI 
SI. LOUIS, MO 63146 225 Westchester Ave. 7732 West 78th Street 
314/432-2830 Port Chester, NY 10573 Minneapolis, M N 55435 

612/944-8545 
MISSOURI (Western) 914/937-2300 
DLE ElectroniCs NEW YORK STATE TENNESSEE 
4771 N. Glendale FORCE COMPUTERS INC. EMA 
Wichita, KS 67220 3165 Winchester Blvd. 309 Jordan Lane, N W 
316/744-1229 Campbell, CA 95008 Huntsville, AL 35805 

205/830-4030 
MONTANA 

1-800 BESTVME I or 1-800-237-8862 I.M. Systems TEXAS 
7125 W. Jefferson Ave. NORTH CAROLINA S.C.1. Sales 
Suite 300 EMA 17300 Dallas Parkway 
Lakewood, CO 80235 6604 Six Forks Road SUite 1150 
303/988-1762 SUite 204 Dallas, TX 75248 

Raleigh, NC 27609 214/931-1487 

919/846-6888 
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UTAH 
I.M.Systems 
7125 W. Jefferson Ave. 
SUite 300 
Lakewood, CO 80235 
303/988-1762 

VERMONT 
Betronic Associates 
885 Main Street 
Waltham, MA 02154 
617/894-8400 

VIRGINIA 
Miller & Dietz 
3700 Koppers St., Ste 109 
Baltimore, MD 21227 
301/574-7777 

WASHINGTON, D.C. 
Miller & Dietz 
3700 Koppers St., Ste 109 
Baltimore, MD21227 
301/574-7777 

WASHINGTON 
Cascade Data Mkt. Inc. 
17-148th Avenue S E. 
Bellevue, WA 98007 
206/747-6190 

WEST VIRGINIA 
Dolfuss-Root & Co 
98 Vanadium Rd. 
Building D 
Bridgeville, PA 15017 
412/221-4420 

WISCONSIN (N.W., 
PSI 
7732 West 78th Street 
Minneapolis, MN 55435 
612/944-8545 

WISCONSIN (S.E., 
Mlcro-Tex, Inc. 
22660 Broadway 
Suite3B 
Waukesha, WI 53186 
414/542-5352 

WYOMING 
I.M.Systems 
7125 W. Jefferson Ave. 
SUite 300 
Lakewood, CO 80235 
303/988-1762 

FORCE COMPUTERS U.S. Direct Offices, Distributors & Representatives 

CANADA 

ONTARIO 
Tracan Electronics 
1200 Aerowood Drive, Unit *4 
M Ississauga, Ontario 
Canada L4W 2S7 
416/625-7752 

OTTAWA 
Tracan Electronics 
301 Moodie Dr. 
SUite 423 
Nepean, Ontario 
K2H9C4 
613/596-9760 

PROVINCE OF QUEBEC 
T racan Electronics 
10500 Cote de Liesse 
Suite 123 
lachine, Quebec H8T 1A4 
514/636-8380 

B.C., ALBT., SASK., MAN. 
YUKON, NORTHWEST TERR. 
Tracan/West 
1859 Welch Street 
North Vancouver, B.C. V7P 1 B7 
604/984-41-41 

FORCE Computers, Inc. 
1-800 BESTVME 
(outside CAl 

1-800-237-8862 
(InsldeCA) 
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FORCE COMPUTERS International Direct Offices and Distributors 

EUROPEAN HEADQUARTERS 
FORCE COMPUTERS GmbH 
DaimlerstraBe 9 
D-80120ttobrunnfMunchen 
Tel.: (089) 60091-0 
Tlx.: 524190 fore d 
Fax: (089) 60977 93 

EUROPEAN SALES OFFICES 
GERMANY 
FORCE COMPUTERS GmbH 
DaimlerstraBe 9 
D-80120ttobrunnfMOnchen 
Tel.: (089) 60091-0 
Tlx.: 524190 fore d 
Fax: (089) 6 09 77 93 

FORCE COMPUTERS GmbH 
SchulstraBe 15a 
D-2085 Quickborn 
Tel.: (041 06) 50 31 
Tlx.: 2180624 free d 
Fax: (04106) 6 88 28 

FRANCE 
FORCE COMPUTERS SAR.L. 
11 , rue Casteja 
F-92100 Boulogne 
Tel.: (1) 46203737 
Tlx.: 206304 fore f 
Fax: (1) 46 21 35 19 

UNITED KINGDOM 
FORCE COMPUTERS (UK) LTD. 
No.1 Holly Court 
3 Tring Road 
Wendover 
Bucks, HP22 6PE 
Tel.:(0296) 625456 
Tlx.: 838 033 force 9 
Fax: (0296) 62 40 27 

AUSTRALIA 
THE DINDIMA GROUP PVT. LTD. 
P.O. Box 106 
Vermont, Victoria 3133 
Tel. (03) 8734455 
Tlx. 36819 oediv aa 

AUSTRIA • 
ALLMOS ELECTRONIC Ges. m.b.H. 
T roststrasse 50 
A-1100Wien 
Tel. (0222)6271953 
Tlx: 112757 almos a 

BELGIUM 
J. P. LEMAIRE SA 
Limburg Stirum 243 
B-1810Wemmel 
Tel. (02) 4600560 
Tlx. 24610 lemair b 

DENMARK 
SAGA ELEKTRONIK ApS 
Christianshusvej 4G 
DK-2970 Horsholm 
Tel. (02) 572677 
Tlx. 37903 sagael dk 

FINLAND 
NABLA ELEKTRONIIKKA OY 
Mantyviita 3E 
PL3 
SF-02101 Espoo 
Tel. (90) 4552955 
Tlx. 124270 nabla sf 

FRANCE 
A2M 
6, avenue du Gemeral-de-Gaulle 
F-78150 Le Chesnay 
Tel. (1)39549113 
11><. amm 698376f 

GREECE 
MACEDONIAN ELECTRONICS 
P.O. Box 10240 
GR-5411 0 Thessaloniki 
Tel. (031) 3068001 
Tlx. 412584 mael gr 

HONG KONG & P.R.C. 
NAM NING COMPANY LTD. 
16fF Haleson Building 
1 , Jubilee Street 
Central District 
Hong Kong 
Tel. 5-8151308 
Tlx. 63188 nanin hx 

INDIA 
SPS TECHNICAL ELECTRONIC PVT. LTD. 
"SPS Bhavan" 
Main Road, N.V. Layout 
Gulbarga-585103 
Karnataka 
Tel. 22480 
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ISRAEL 
TABOR AGENCIES LTD. 
61 Bialik Street 
P.O. Box 5264 
Ramat Gan 51520 
Tel. (03) 724638 
Tlx. 35317 damit il 

ITALY 
ESCO ITALIANA S.p.A. 
Vie Casiraghi Nr. 355 
1-20099 Sesto S. Giovanni (MI) 
Tel. (02) 240 92 41 
Tlx. 322383 escomi 

JAPAN 
INTERNIX INC. 
Shinjuku, Hamada Building 
7 -4-7 Nishi-Shinjuku 
Shinjuku-Ku 
Tokyo 160 
Tel. (03) 36911 01 
Tlx. internix j 26733 

NETHERLANDS 
ALCOM COMPUTER SYSTEMS B.V. 
P.O. Box 794 
NL-2900 AT Capelle a.d. Ijssel 
Tel. (010) 4519399 
Tlx. 26160 alcom nl 

NEW ZEALAND 
VSI ELECTRONICS (N.Z.) LTD 
123 Manukau Road 
P.O. Box 78-058 
Epsom, Auckland 
Tel. 600760 
Tlx. vsisys nz 4779 

NORWAY 
ELEKTRONIX AlS 
Odinsgt. 21 
P. O. Box 3008 - Elisenberg 
N-0207 Oslo 2 
Tel. (02) 559050 
Tlx. 72738 elnix n 

PAKISTAN 
BTM WORLD TRADE (PVT) LTD. 
3rd Floor, RSM Square 
Shaheed-e-Millat Road 
Off Sharae-Faisal 
Karachi - 8 
Tel. 4453 68, 449215 
Tlx. 23285 btm wt pk 

PORTUGAL 
DECADASARL 
Av. Bombeiros Voluntarios 
Lote 102-B 
MirafloresfAlges 
P-1495 Lisboa 
Tel. (19) 21 03420 
Tlx. 15511 espec p 



FORCE COMPUTERS U.S. Direct Offices, Distributors & Representatives 

SINGAPORE 
MICROTRONICS SYSTEMS PTE LTD. 
8, Lorang Bakar Batu 
*03-01 Kolam Ayer Industrial Park 
Singapore 1334 
Tel. 748-1835 
Tlx. rs 34929 micro 

SOUTH AFRICA 
PROMILECT (PTY) LTD. 
P.O. Box 1194 
Randburg 2125 
Tel. (011) 8863320-1/2 
Tlx. 420452 promilec sa 

SPAIN 
UNITRONICS SA 
Infanta Carlota, 80-82 
08029-Barcelona 
Tel. (01) 2392655 
Tlx. 54211 utron e 

UNITRONICS, SA 
Torre de Madrid 
Plaza Espana, 18 
28009-Madnd 
Tel. (01)2425204 
Tlx. 22596 utron e 

SWEDEN 
AMBITRONAB 
Box 8314 
Stormbyviigen 
S-16308 SpAnga 
Tel. (08) 7617820 
Tlx. 15511 scan cop s 

SWITZERLAND 
W.MOORAG 
Bahnstrasse 58/60 
CH-8105 Regensdorf 
Tel. (01) 8433111 
Tlx. 825840 moor ch 

TAIWAN 
NEW RABBIT ASSOCIATES 
4F No. 400 Keelung Road 
Section 1 
Taipei 
Tel. 7052178 
Tlx. 13078 gregtang 

UNITED KINGDOM 
MICROSYSTEM SERVICES 
P.O. Box No. 37 
Lincoln Road 
Cressex Industrial Estate 
High Wycombe 
Bucks, H P1 23XJ 
Tel. (0494)41661 
Tlx. 837187 micsys 9 
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~ELECTRO 'ftI SOURCE~ 
(416) 675-4490 
230 Galaxy Boulevard 
Rexdale, Ontario M9W 5R8 

Telex 06-989271 
Fax (416) 675-6871 

Corporate Headquarters 

FORCE COMPUTERS INC. 
3165 Winchester Blvd. 
Campbell, CA 95008 
UNITED STATES OF AMERICA 

European Headquarters 

FORCE COMPUTERS GmbH 
DaimlerstraBe 9 
80120ttobrunn/Munich 
W.-GERMANY 
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