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Introduction to Product Guide

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.




Product Guide

Recom- Suggested | Details
PartNo. | Product Description mendedfor | Alter- on
new Designs | native Page

16 bit CPU Boards
100100 | SYS68K/CPU-1B 68000/ 8.0MHz/ 128KB No CPU-6 69
100101 | SYS68K/CPU-1C 68000/10.0MHz/ 128 KB No CPU-6 69
100102 | SYS68K/CPU-1D 68000/10.0MHz/ 512KB No CPU-6 69
100200 | SYS68K/CPU-2 68000/ 8.0MHz/ 256 KB No CPU-2B 37
100201 | SYS68K/CPU-2A 68000/10.0 MHz/ 256 KB No CPU-2B 37
100202 | SYS68K/CPU-2B 68000/10.0MHz/ 512KB Yes
100220 | SYS68K/CPU-2D 68000/ 8.0MHz/ 128 KB No CPU-2B 37
100205 | SYS68K/CPU-2F 68000/10.0 MHz/1024 KB Yes
100211 | SYS68K/CPU-2VA 68010/10.0MHz/ 256 KB No CPU-2vB 37
100212 | SYS68K/CPU-2VB 68010/10.0MHz/ 512KB Yes
100213 | SYS68K/CPU-2VC 68010/10.0 MHz/1024 KB Yes
100300 | SYS68K/CPU-3 68000/ 8.0MHz/ 32KB No CPU-3VB 45
100310 | SYS68K/CPU-3V 68010/ 8.0MHz/ 32KB No CPU-3VB 45
100311 | SYS68K/CPU-3VA 68010/10.0MHz/ 32KB No CPU-3VB 45
100312 | SYS68K/CPU-3VB 68010/10.0MHz/ 128KB Yes
100401 | SYS68K/CPU-4A 68000/12.5MHz/ 32KB No CPU-4VC 53
100410 | SYS68K/CPU-4V 68010/10.0MHz/ 32KB No CPU-4VC |53
100411 | SYS68K/CPU-4VA 68010/12.5MHz/ 32KB No CPU-4VC 53
100412 | SYS68K/CPU-4VB 68010/12.5MHz/ 128 KB No CPU-4VC |53
100413 | SYS68K/CPU-4VC 68010/12.5 MHz/ 128 KB/BBU Yes
100501 | SYS68K/CPU-5A 68000/16.7 MHz/ 128 KB/FPU Yes
100502 | SYS68K/CPU-5V 68010/12.5 MHz/ 128 KB/FPU No CPU-5A 61
100601 | SYS68K/CPU-6 68000/ 8.0MHz/ 512KB Yes
100602 | SYS68K/CPU-6A 68000/12.5MHz/ 512KB Yes
100610 | SYS68K/CPU-6VA 68010/12.5 MHz/ 512KB Yes
100611 | SYS68K/CPU-6VB 68010/12.5 MHz/ 512 KB/FPU Yes

32bit CPU Boards
101041 | SYS68K/CPU-21S 68020/12.5 MHz/ 512 KB/FPU Yes
101001 SYS68K/CPU-21 68020/16.7 MHz/ 512 KB/FPU Yes
101011 | SYS68K/CPU-21A 68020/20.0 MHz/ 512 KB/FPU Yes
101021 | SYS68K/CPU-21B 68020/25.0 MHz/ 512 KB/FPU Yes
101100 | SYS68K/CPU-22 68020/16.7 MHz/ 256 KB/FGA-002 Yes
101101 | SYS68K/CPU-22A 68020/20.0 MHz/ 256 KB/FGA-002 Yes
101102 | SYS68K/CPU-22XA 68020/20.0MHz/ 1 MB/FGA-002 Yes
101210 | SYS68K/CPU-25 68020/16.7 MHz/ 512 KB/MMU/FPU Yes
101130 | SYS68K/CPU-26X 68020/16.7 MHz/ 256 KB/SCSI/FGA-002 Yes
101131 | SYS68K/CPU-26XA 68020/20.0 MHz/ 256 KB/SCSI/FGA-002 Yes
101132 | SYS68K/CPU-26ZA 68020/20.0MHz/ 1 MB/SCSI/FGA-002 Yes
101150 | SYS68K/CPU-29XS 68020/12.5MHz/ 1 MB/FPU/FGA-001 Yes
101152 | SYS68K/CPU-29X 68020/16.7 MHz/ 1 MB/FPU/FGA-001 Yes
101153 | SYS68K/CPU-29XB 68020/25.0MHz/ 1 MB/FPU/FGA-001 Yes
101154 | SYS68K/CPU-29XC 68020/30.0MHz/ 1 MB/FPU/FGA-001 Yes
101323 | SYS68K/CPU-32XS 68030/12.5MHz/ 1 MB/FPU/FGA-001 Yes
101324 | SYS68K/CPU-32X 68030/16.7 MHz/ 1 MB/FPU/FGA-001 Yes
101321 | SYS68K/CPU-32XA 68030/20.0MHz/ 1 MB/FPU/FGA-001 Yes
101322 | SYS68K/CPU-32XB 68030/25.0MHz/ 1 MB/FPU/FGA-001 Yes
101333 | SYS68K/CPU-32XC 68030/30.0MHz/ 1 MB/FPU/FGA-001 Yes
105000 | SYS80K/CPU-386-1 80386/16.0MHz/ 2MB Yes
105001 | SYS80K/CPU-386-1A 80386/16.0MHz/ 2MB/FPU Yes

16 bit Memory Board Products
200000 | SYS68K/DRAM-1 512KB DRAMA24:D16 Yes
200001 | SYS68K/DRAM-2 2MBDRAMA24:D16 Yes
200010 | SYS68K/RR-1 NAKED ROM/PROM/EPROM/SRAM Yes
200011 | SYS68K/RR-1S 128 KBSRAMA24:D16 Yes
200020 | SYS68K/SRAM-1 128 KBSRAMA24:D16 No SRAM-5 265
200021 | SYS68K/SRAM-2 512KBSRAMA24:D16 No SRAM-5 265




Product Guide

Recom- Suggested | Details
PartNo. | Product Description mended for Alter- on
new Designs | native Page
32bit Memory Board Products
200004 | SYS68K/DRAM-E-3M1 1MBDRAMA32: D32 MASTER Yes
200103 | SYS68K/DRAM-E-3S3 3MB DRAM EXTENSION SLAVE Yes
200110 | SYS68K/DRAM-E4M4 4 MB DRAM A32 : D32 MASTER Yes
200113 | SYS68K/DRAM-E4S12 12 MB DRAM EXTENSION SLAVE Yes
200130 | SYS68K/DRAM-6 2 MBDRAMA32 - D32 VERY FAST Yes
200300 | SYS68K/RR-2 NAKED PROM/EPROM/EEPROM Yes
200600 | SYS68K/RR-3 NAKED PROM/EPROM/EEPROM Yes
200401 | SYS68K/SRAM-3A 512 KB SRAM A32: D32 VME/VMX No SRAM-5 265
200402 | SYS68K/SRAM-3B 1MBSRAM A32: D32 VME/NMX Yes
200501 | SYS68K/SRAM-4A 512 KB SRAM A32: D32 VME No SRAM-5 265
200502 | SYS68K/SRAM-4B 1MBSRAMA32: D32 VME Yes
200504 | SYS68K/SRAM-5 512KB SRAM A32: D32 VME Yes
201000 | SYS68K/SRAM-22 512 KB MEM. EXP. CPU-21/25 Yes
201040 | SYS68K/SRAM-22S 512 KB MEM. EXP.CPU-21S Yes
201010 | SYS68K/SRAM-22A 512 KB MEM. EXP. CPU-21A Yes
201020 | SYS68K/SRAM-22B 512 KB MEM. EXP.CPU-21B Yes
Controller Boards
300000 | SYS68K/SASI-1 SASIBUSHOST CONTR. No ISCSI-1 301
300001 | SYS68K/WFC-1 WINCH/FLOPPY CONTR. Yes
300020 | SYS68K/ISCSI-1 INTELL. SCSICONTR., 128 KB SRAM Yes
300023 | SYS68K/ISCSI-1A INTELL. SCSICONTR., 512 KB SRAM Yes
400010 | SYS68K/CMC-1 COLOR MONITOR CONTR. No AGC-2 331
400004 | SYS68K/GDC-1M+1S GRAPH. MASTER CONTR. + GDC-1S No AGC-2 331
400007 | SYS68K/GDC-1S2 GRAPH. SLAVE POS. 2 No AGC-2 331
400008 | SYS68K/GDC-1S3 GRAPH. SLAVE POS. 3 No AGC-2 331
400020 | SYS68K/AGC-1 ADVANCED GRAPHICS CONTR. Yes
400022 | SYSB8K/AGC-1X ADVANCED GRAPHICS CONTR. EXT. Yes
400023 | SYS68K/AGC-2 GRAPHICS CONTROLLER Yes
700006 | SYS68K/ASCU-1 ADVANCED SYS. CONT. UNIT Yes
700007 | SYS68K/ASCU-2 ADVANCED SYS. CONT.WGPIB Yes
300100 | SYS68K/ILANC-1 INTELLIGENT ETHERNET CONTROLLER Yes
INPUT/OUTPUT Boards
310000 | SYS68K/SIO-1 6 CHANNEL SER. /0 No SI0-2 379
310004 | SYS68K/SIO-2 6 CHANNEL SER. /O Yes
310005 | SYS68K/SIO-2A 6 CHANNEL SER. I/0, OPTICAL LINKS Yes
310030 | SYS68K/ISIO-1 8 CHANNEL SER. 1/0, 128 KB SRAM Yes
310035 | SYS68K/ISIO-1A 8 CHANNEL SER. /0, 512 KB SRAM Yes
310031 | SYS68K/ISIO-2 8 CHANNEL SER. I/0, 128 KB SRAM Yes
310036 | SYS68K/ISIO-2A 8 CHANNEL SER. /0, 512 KB SRAM Yes
310011 | SYS68K/OPIO-1 PAR.1/0: OPTO. COUP. Yes
310010 | SYS68K/PIO-1 PARALLELY/O:TTL Yes
320002 | SYS68K/AD-10A 12BITA/DCONV., 20 MICROSEC. Yes
320003 | SYS68K/AD-10B 12BITA/DCONV., 4MICROSEC. Yes
320004 | SYS68K/AD-10C 14 BITA/D CONV., 35MICROSEC. Yes
320006 | SYS68K/AD-10D 16 BIT A/D CONV., 400 MICROSEC. Yes
320007 | SYS68K/AD-11A 12BITA/DCONV., 20MICROSEC.,2D/A Yes
320008 | SYS68K/AD-11B 12BITA/DCONV., 4MICROSEC.,2D/A Yes
320009 | SYS68K/AD-11C 14 BITA/DCONV., 35MICROSEC.,2D/A Yes
320010 | SYS68K/AD-11D 16 BIT A/D CONV., 400 MICROSEC.,2 D/A Yes
320011 | SYS68K/AD-12 16 CHANNEL S/H EXPANS. FORAD-10/11 Yes
320012 | SYS68K/AD-13H 8 CHANNEL HIGH VOLTAGE EXP. Yes
FORAD-10/11
320013 | SYS68K/AD-14 32 CHANNEL HIGH LEVEL INPUT EXP. Yes
FORAD-10/11
320014 | SYS68K/DA-1A 8 CHANNELD/ACONV., 12BIT Yes
320015 | SYS68K/DA-1B 8 CHANNELD/ACONV., 12BIT, Yes
CURRENT LOOP QUTPUT
320016 | SYS68K/DA-2A 6 CHANNEL D/ACONV., 16 BIT Yes
320017 | SYS68K/DA-2B 6 CHANNELD/ACONV., 16 BIT Yes




Product Guide

Recom- Suggested Details
PartNo. | Product Description mendedfor | Alter- on
new Designs | native Page
System Products
620510 | miniFORCE 1P1 PDOS SYSTEM/CPU-1D/3U No miniFORCE 1P6| 433
620550 | miniFORCE 1P5 PDOS SYSTEM/CPU-5V/3U No minIFORCE 2P5| 435
620560 | minIFORCE 1P6 PDOS SYSTEM/CPU-6/3U Yes
620610 | miniFORCE 2P1 PDOS SYSTEM/CPU-1D/7U No miniFORCE 2P6| 435
620620 | miniFORCE2P2 PDOS SYSTEM/CPU-2VC/7U Yes
620640 | miniFORCE 2P4 PDOS SYSTEM/CPU-4VC/7U Yes
620650 | minIFORCE 2P5 PDOS SYSTEM/CPU-5A/7U Yes
620660 | miniFORCE 2P6 PDOS SYSTEM/CPU-6VB/7U, WFC Yes
620662 | minIFORCE 2P6| PDOS SYSTEM/CPU-6VB/7U, ISCSI Yes
620700 | miniFORCE 2P21 PDOS SYSTEM/CPU-21/7U Yes
620710 | minIFORCE2P21S PDOS SYSTEM/CPU-21S/7U Yes
620720 | miniFORCE2P21A PDOS SYSTEM/CPU-21A/7U, WFC Yes
620722 | miniFORCE 2P21Al PDOS SYSTEM/CPU-21A/7U,ISCSI Yes
630005 | microFORCE 1A UNIX SYSTEM/CPU-3VB/3U Yes
630010 | microFORCE 2 UNIX SYSTEM/CPU-3VB/7U Yes
640021 | FORCE FOCUS 32 PDOS SYSTEM/CPU-21A Yes
PDOS SYSTEM 21A
640022 | FORCE FOCUS 32 PDOS SYSTEM/CPU-21B Yes
PDOS SYSTEM 21B
641025 | FORCEFOCUS 32 UNIX SYSTEM/CPU-25 Yes
SYSTEM 25U
Software Products
140020 | SYS68K/PDOS-PAS PDOS PASCAL Yes
140021 | SYS68K/PDOS-PAS020 PDOS PASCAL FOR 68020 Yes
140040 | SYS68K/PDOS-FOR PDOS FORTRAN-77 Yes
140041 | SYS68K/PDOS-FOR020 PDOS FORTRAN-77 FOR 68020 Yes
140030 | SYS68K/PDOS-C PDOS "C” COMPILER Yes
140031 | SYS68K/PDOS-C020 PDOS "C” COMPILER FOR 68020 Yes
140044 | SYS68K/PDOS-BAS PDOS BASIC FOR 68000/68010 Yes
140045 | SYS68K/PDOS-BAS020 PDOS BASIC FOR 68020 Yes
150005 | SYS68K/UNIX-PAS UNIX PASCAL Yes
150006 | SYS68K/UNIX-PAS020 UNIX PASCAL Yes
160000 | SYS68K/GKSGRAL-P2B1 | GKS SOFTWARE FOR PDOS Yes
160001 | SYS68K/GKSGRAL-P2B1 | GKS SOFTWARE FOR UNIX Yes
Accessory Products
500005 | SYS68K/MOTH-05A 5SLOT MOTHERBOARD Yes
500011 | SYS68K/MOTH-09A 9 SLOT MOTHERBOARD Yes
500006 | SYS68K/MOTH-12A 12 SLOTMOTHERBOARD Yes
500013 | SYS68K/MOTH-20A 20 SLOT MOTHERBOARD Yes
500007 | SYS68K/MOTH-21A 21SLOT MOTHERBOARD Yes
500008 | SYS68K/MOTH-EO5A 5SLOT 32 BIT EXTENSION Yes
500012 | SYS68K/MOTH-EQ9A 9SLOT 32 BIT EXTENSION Yes
500009 | SYS68K/MOTH-E12A 12 SLOT 32 BIT EXTENSION Yes
500014 | SYS68K/MOTH-E20A 20 SLOT 32 BIT EXTENSION Yes
500010 | SYS68K/MOTH-E21A 21 SLOT 32 BITEXTENSION Yes
610101 | SYS68K/CHAS 19-09E/ CHAS 19-09/7HE PLUS P2 MOTH Yes
7HE
610105 | SYS68K/CHAS 19-21E/ CHAS 19-21/7HE PLUS P2 MOTH Yes
7HE
610191 | SYS68K/CHAS 19-21E/ 12HE CHASSISW 21 SLOTS Yes
12HE
610005 | SYS68K/RACK 19-09A 19" RACKWITH 9SLOT MOTH Yes
610025 | SYS68K/RACK19-21A 19" RACKWITH21 SLOT MOTH Yes
700008 | SYS68K/PWR-09A 280 WPWR SUPPLY Yes
700018 | SYS68K/PWR-09AC PWR-09A POWER CABLE Yes
700009 | SYS68K/PWR-20 750 W PWR SUPPLY Yes
700030 | SYS68K/PWR-20C PWR-20 POWER CABLE Yes
700040 | SYS68K/STR-120 - 120 MB STREAMER FOR FOCUS 32 Yes
700002 | SYS68K/WFMOD-20 20 MBWIN/1 MB FLOPPY Yes
700020 | SYS68K/WFMOD-50 50 MB WIN/1 MB FLOPPY Yes
700012 | SYS68K/WFMOD-85 80 MBWIN/1 MB FLOPPY Yes
700022 | SYS68K/WFMOD-175 175 MB WIN/1 MB FLOPPY Yes
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Manufacturing

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 Q.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 Q.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.

13
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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.

Component Receiving
Quality Control

Manufacturing Planning
Tracking

14



Manufacturing

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 ona
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.

15
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Manufacturing

Burn-in tests are carried out for at least 48hrs. at a
minimum of 50° C. For this 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 systems), 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
1y Al
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Quality Assurance

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.

Il. 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
eguipment.

1ll. 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).

VL. 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 or equivalent
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. Prior to shipment afinal g.c. election-
al and visual inspection is performed on all systems.



Quality Assurance

VII. Standards and Specifications

The quality system implemented at FORCE Com-
puters conforms with and applies the following
standards and specifications.

BS5750~Part1  Specification for design, manu-  IPC-A-600C Acceptability of printed wiring
facture and installation. boards.

MIL-Q-9858A Quality program requirements. IPC-ML-910A Design and end production

AQAP-1 NATO Quality Control System spec. for rigid multi-layer
Requirements for Industry. boards.

AQAP-6 NATO Measurement and Cali- MIL-STD-275D  Printed wiring for electronic
bration System Requirements equipment.
for Industry.

IPC-SM-840 Qualification and performance ~ Workmanship standards as published by Martin
of permanent polymer coat- Marietta Aerospace.
ings.

MIL-P-55110C Military specification printed
wiring boards.

VIIl. Material Flow Chart
> GOODS COMPONENT ___ LOT __ DELIVERYTO . >
INWARDS WAREHOUSE  CONFIGURATION  SUB-CONTRACTOR
> PRODUCTION BOARD . SOLDER/ . DELIVERYTO )
STAGING STUFFING CLEAN FORCE COMPUTERS
) IN-CIRCUIT FUNCTIONAL __ DYNAMIC TOFINISHED )
TEST ~  TEST BURN-IN @ GOODS WAREHOUSE
> PURCHASE _ ORDER . ) SHIPTO
ORDER CONFIGURATION CUSTOMER
D Q.C. INSPECTION POINTS
1. Sample Visual AQL 1.0
. Sample Visual AQL 1.0
. Sample Visual AQL 1.0
. 100% Visual
. Sample Visual AQL 1.0

. Sample Electrical AQL 1.0/100% Visual
. Purchase Order, Documentation, Packaging

NOoO oA WN

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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16 bit CPU Board Introduction

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 /0
ports as standard. The CPU-6 was designed to
provide complete S/W 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 |/O 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 /O 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 SYSB68K/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 I/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.
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FAMILY CPU-1 CPU-2 CPU-2V CPU-3V CPU-4VC CPU-5A CPU-6 CPU-6V
Processor Type 68000 68000 68010 68010 68010 68000 68000 68010
Frequency min. 8 MHz 10MHz 10 MHz 10MHz 12.5 MHz 16.7 MHz 8 MHz 12.5MHz
max. 10MHz 10MHz 10 MHz 10MHz 12.5MHz 16.7 MHz 12.5MHz 12.5MHz
FPCP Type - - - - - 68881 - 68881
Frequency - - - — - 16.7 MHz - 12.5 MHz
DMAC Type - - - 68450 68450 68450 - -
Frequency - - - 10MHz 8 MHz 8 MHz - -
MMU Type - - - 68451 - - — -
Frequency - - - 10MHz - = - -
DRAM on Board min. 128 Kbyte 512 Kbyte 512 Kbyte - - - 512 Kbyte 512 Kbyte
max. 512 Kbyte 1 Mbyte 1 Mbyte - - - 512 Kbyte 512 Kbyte
SRAM on Board min. - 16 Kbyte 16 Kbyte 128 Kbyte 128 Kbyte 128 Kbyte - -
max. - 16 Kbyte 16 Kbyte 128 Kbyte 128 Kbyte 512 Kbyte - -
Sockets for
EPROMs/SRAMs 4 4 4 4 8 4 4 4 —
Debugger X X X X = - - - °
VMEPROM - - - - X X X X w
Serial Ports (RS232) 3(ACIA) 1(MPCC) 1(MPCC) 1(MPCC) 1(MPCC) 2 (MPCC) 3(ACIA) 3(ACIA) ='
Parallel Interface 2x 8bit 2x 8bit 2x 8bit - 2x 8bit - 2x 8bit 2x 8bit n
Timer 1x24 bit 1x24 bit 1x24bit 1x24 bit 2x24bit 1x24bit 1x24 bit 1x24 bit ‘
RTC X X X X X - X X =
Floppy Disk Controller - X X - (optional) - - -
Bus Arbiter Single Level | SinglelLevel | SingleLevel Four Level Four Level SingleLevel | Singlelevel | SingleLevel w
Watch Dog Timer X X X X X X X X o
VMXbus Interface - - - - - X - - ﬂ g
- - 3
Detalled.Descrlptlon 29 39 39 45 53 61 69 69 a 3
on Page: " s







SYS68K/CPU-1B/D

System 68000 VME
$YS68K/CPU-1B/D

Universal CPU-Board

® 68000 CPU

® 512 Kbyte DRAM

® 3 Serial 1/0 Interfaces
® Real Time Clock

® Parallel 1/0 Interface

® 128 Kbyte EPROM space
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SYS68K/CPU-1B/D

General Description SYS68K/CPU-1B @ Three serial communication ports with RS232
The SYS68K/CPU-1B Board is a high perfor- compatible interface
mance, low-cost system computerboardbasedon @ Strap selectable 1/0 signal assignment
the 68000 CPU and the VMEbus for highspeedreal =~ @ Parallel /0 with 2 ports 8 bit each
time applications. ® 24 bit Timer with 5 bit prescaler
It contains 128 Kbyte of DRAM, up to 128 Kbyte of =~ @ Real Time Clock with on-board battery back-up
EPROM/ROM, parallel /O, a real-time clock, 3 @ Auto Interrupt Vectoring for all on-board de-
serial communications interfaces and the system vices (6 different interrupt levels and vectors)
monitor. ® Fully VMEbus compatible (Rev. B)
The implemented VMEbus interface is VMEbus @ 7 interrupt levels from the VMEbus
Rev. B compatible and includes the slave bus arbi- @ Slave bus arbitration
tration as well as a single level bus arbiter. ® Single level bus arbiter
@® RESET and ABORT function switches
SYS68K/CPU-1B Features ® HALT mode indication LED
@® 68000 CPU ( 8 MHz) on CPU-1B @ Indirect connection on all connectors
® 128 Kbyte of dynamic RAM with distributed @ Double Eurocard form factor with front panel
refresh every 15usec. @ Self contained operating firmware that provides
® 16 Kbyte of firmware in ROM/EPROM expand- monitor, debug, one-line assembly/disassem-
able to 64 Kbyte bly, and I/O control functions.
® 64 Kbyte of USER EPROM area or 16 Kbyte of =~ @ Operating system software for different appli-
USER SRAM area cations available.
@® Memory access times
PROM 200 - 500 ns (Jumper selectable)
DRAM 280 ns (typ.)
BLOCK DIAGRAM OF THE SYS68K/CPU-1B
{ [ | [ | 1 =0
[ REMOTE J I TERMINAL I L HOST
ﬁ P 4T
SERIAL /O
.z
RS 232
INTERFACES
- 1
CONTROL BUS > SYSTEM
CONTROL
1 [ oai
DATA BUS Q
- g U
68000 CPU :> RTC
J1
ADDRESS BUS ﬁ
PARALLEL
vo \)
l VME BUS INTERFACE I
1/0 CONNECTOR VME BUS CONNECTOR | ]
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Features of the SYS68K/CPU-1D

@® The CPU-1D 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-
ternal system bus.

Table 1. shows the global memory layout. The vari-
ous functional areas of the board are described
briefly in the following paragraphs.

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.

Address Table 2. shows the list of usable devices.
The SYS68K DEBUGGER firmware package re-
000 000 Initialisation vectors sides in two 2764 EPROM'’s (included in the ship-
000 007 from system EPROM ment).
000 008 Dynamic RAM on CPU-1B Table 2 EPROM
O1F FFF 2Kx 16 4 Kbyte 2716
000 008 Dynamic RAM on CPU-1D 4Kx 16 8 Kbyte 2732
07F FFF 8Kx16 16 Kbyte 2764
16K x 16 32 Kbyte 27128
080 008 SYSTEMEPROMArea 32Kx 16 64 Kbyte 27256
09F FFF
4. The USER Area
8@2 ggg USEREPROMArea The USER area contains two 28 pin sockets with
JEDEC compatible pin out. To allow the usage of
OEO0 000 1/0 Interfaces static RAM’s, the access to the USER area is byte
OFF FFF oriented.
Table 3. lists the usable device types.
100 000 VMEDbus addresses (A24)
FEF FFF Table 3 EPROM SRAM
FFO 000 VMEbus Short /0 (A16) 2Kx16 4 Kbyte 2716 6116
FFF FFF 4Kx16  8Kbyte 2732 -
1. 68000 CPU (8 or 10 MHz) 8Kx16 16Kbyte 2764 6264
. or 2
The 68000 CPU has a 16-bit data bus and a 23-bit ~ 16Kx16  32Kbyte 27128 -
address bus. The address bus provides a direct 32Kx16 64 Kbyte 27956 -

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-1D).
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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.I.A. 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
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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/0 signals can be assigned
to one of the 25 pins of the D-sub female connector
on the front panel.

6. Parallel I/O

The board contains a Parallel Interface and Timer
chip PI/T 68230 with a clock frequency of 8 MHz.
The PI/T operates in uni- or bi-directional mode
either 8 or 16 bits wide.

Each of the 24 1/0O 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 timer output.

7. Programmable Timer

The PI/T 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 VectorNo.
ABORT Switch 7 31

Real Time Clock 58167A 6 30
Parallel Interface 68230 5 29

and Timer Chip

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 1/0 Access« can
be selected via a jumper for variable system gener-
ation.

The 7 interrupt request levels of the VMEbus are
fully supported from the SYS68K/CPU-1B/D. For
multi-processing, each IRQ signal can be enabled/
disabled via a jumper field.

Additionally, the SYS68K/CPU-1B/D supports the
ACFAIL, SYSRESET, SYSFAIL and SYSCLK signal
(16 MHz).

11. The DEBUGGER Firmware

The SYS68K/CPU-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 DESCRIPTION
BF <address1> <address2> <data> <CR> Block Fill memory - from addr1 through addr2
with data
BM <address1> <address2> <address 3> Block Move — move from addr1 through addr2 to addr3
<CR> .
BR[<address> [; <count>]...] <CR> Set/display Breakpoint
BS <address1> <address2> <data> <CR> Block Search — search addr1 through addr2 for data
BT <address1> <address2> <CR> Block Test of memory
DC <expression> <CR> Data Conversion
DF <CR> Display Formatted registers
DU [n] <address1> <address2> Dump memory to object file
[<string>] <CR> ‘
GO [<address>] <CR> Execute program
GD [<address>] <CR> Godirect
GT <address> <CR> Exec prog: temporary breakpoint
HE <CR> Help; display monitor commands
LO[n] [;<options>] <CR> Load Object file
MD <address> [<count>] <CR> Memory Display

MM <address> [<data>] [;<options>] <CR> Memory Modify
MS <address> <datal> <data2> <... <CR>  Memory Set - starting ataddr with data 1, data 2,..

NOBR [<address>...] <CR> Remove Breakpoint

NOPA <CR> Printer Detach

OF <CR> Offset

PA <CR> Printer Attach

PF [n] <CR> Set/display Port Format
RM<CR> Register Modify .

TM[<exit character>] <CR> Transparent Mode

TR [<count>] <CR> Trace )

TT <address> <CR> Trace: temporary breakpoint
VE [n] [<string>] <CR> Verify memory/object file

.AO - .A7 [<expression>] <CR> Display/set address register
.DO -.D7 [<expression>] <CR> Display/set data register

.RO -.R6 [<expression>] <CR> Display/set offset register

.PC [<expression>] <CR> Display/set program counter
SR [<expression>] <CR> Display/set status register

.SS [<expression>] <CR> Display/set supervisor stack
.US [<expression>] <CR> Display/set user stack

MD <address> [<count>];Dl <CR> Disassemble memory location
MM <address>;DI <CR> Disassemble/Assemble memory location
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Specification of the SYS68K/CPU-1B/D

Microprocessor
Parallel 1/O

Serial I/0O

Timer
Real Time Clock

Memory

Firmware
Power Requirements

Operating Temp.
Storage Temp.
Relative Humidity
Board Dimensions

68000 (8 MHz on CPU-1Band 10 MHz on CPU-1D
68230 PI/T, 16 data lines and 8 control lines
configurable as a Centronics parallel interface
3RS232C 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-1B, 512 Kbyte of RAMon CPU-1D
64 Kbyte of SYSTEMarea,

64 Kbyte of USER area.

32 Kbyte of monitor called DEBUGGER including
aone-line assembler/disassembler

+5V/2.8A, +12V/200mA

-12V/200mA

0to +60degrees C

-50to +85degrees C

0-959% (non-condensing)

Double Eurocard 234 x 160 mm (9.2x6.3”)

Ordering Information:

SYS68K/CPU-1B
PartNo. 100100

SYS68K/CPU-1D
PartNo. 100102

SYS68K/CPU-1B/UM
Part No. 800100

68000 CPU Board including User’s Manual
(8MHz clock frequency/128 Kbyte RAM)

68000 CPU Board including User’s Manual
(10MHz clock frequency/512 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
©® RS$232 Interface

@® Parallel 1/0

@® Real Time Clock
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SYS68K/CPU-2

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 MH2), 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-
nal I/0 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

Features of the SYS68K/CPU-2

Processor 68000 (68010 optional) with 10 MHz
clock frequency

Dual Ported Memory with 512 Kbyte and 1 Mbyte
versions

Parallel Interface with 24 bidirectional I/0 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

FDD CONNECTOR 1/0 CONNECTOR LEDS D-FEMALE
- ‘ ‘ CONNECTOR
NENRERREE
REAL FLOPPY PARALLEL CONTROL RS 232 INTERFACE
TIME DISK INTERFACE AND REGISTER
CLOCK CONTROLLER TIMER MODULE l
PAVAN MULTI-PROTOCOL
l’j COMMUNICATIONS
I CONTROLLER
LOCAL ADDRESS 7o
”_—] LOCAL DATA
LOCAL CONTROL / INTERRUPT
—H LOCAL BUS INTERFACE l
EPROM | CPU
(MAX - 68000 OR 68010
32K BYTES) -,
DUAL (j
PORTED o o
L RAM 7 ]
CONTROL 56K p i < €
BOOT — < BYTES g = z
RAM Q g 3
16K BYTES INTERRUPT BUS ) - |
HANDLER ARBITRATION é é §
e 4 F °
= H L
ACCESS AND VME BUS INTERFACE ]
BOARD A REFRESH
CONTROL CONTROL
LoGic LOGIC
1 VME BUS CONNECTOR l
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Functional Description

The EPROM array and the 1/O 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 68010 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
(MPCC) 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 (BSC)

IBM ASCll 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 to/from 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 I/0 (PI/T)

The board contains a special I/O interface (PI/T
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
I/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 / Formatter (FDC)

The on-board FDC with its fully buffered output
(48maA 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.
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For asynchronous handling, the FDC can force an
interrupt to the local bus.

The interface lines are accessible via the I/0 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
counter is provided on the board. It generates a
time-out from 8us up to 2 ms (jumper selectable).

VMEDbus Interface

The SYS68K/CPU-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 (DS0, 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/0 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, |/O) are de-
coded as off-board addresses. This allows confi-
guration of contiguous memory space of RAMona
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

documentation

@ 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 monoboard
microcomputer SYS68K/CPU-2 in a standalone
environment with only a user provided standard
asynchronous ASCII terminal.

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 68000 code.

The on-board assembler processes each line of a

program as an individual unit.

® Inordertoread 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 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:
® Operations

— 68000/68010 machine instruction

operation codes
— Directive (pseudo-op)

® 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.

Specification

CPU-2

Microprocessor

JEDEC Sockets

/0

Dual Ported RAM

Bus Interface

Included Firmware

Power Requirements

Operating Temperature
Storage Temperature
Relative Humidity
Board Dimensions

68000/10 MHz

68010/10 MHz

(virtual processor)

2 EPROMsockets
for2764 or 27128 devices
(BKx8or 16K x 8)

2 StaticRAM’s

6264 (16 Kbyte)
Muiti-Protocol
Communications Controller
with RS232 compatible
interface

Parallel Interface (68230)
with 24 bidirectional I/O 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
VMEDbus Interface
implemented
A16:D8,D16and
A24:D8,D16 mode

Slave bus arbitration
Release on request
Release after Time-out
One Level Bus Arbiter
Fullinterrupt handling
DEBUGGER firmware
withline by line
assembler/disassembler
+5V/3.2A (max)
+12V/200mA (max)
—12V/200mA (max)
Oto+50 degreesC
-50to0 + 85 degrees C
0-95% (noncondensing)
Double Eurocard 234 x160mm (9.2x6.3inch)
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Ordering Information:

SYS68K/CPU-2B
Part No. 100202

SYS68K/CPU-2F
PartNo. 100205

SYS68K/CPU-2VB
PartNo. 100212

SYS68K/CPU-2VC
PartNo. 100213

SYS68K/CPU-2/UM
PartNo. 800136

68000, 10 MHz, 512 Kbyte DPR, including User’s Manual

68000, 10 MHz, 1 Mbyte DPR, including User’s Manual

68010, 10 MHz, 512 Kbyte DPR, including User’s Manual

68010, 10 MHz, 1 Mbyte DPR, including User’s Manual

User’s Manual for all CPU-2 Board versions
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System 68000 VME
$YS68K/CPU-3VB

CPU Board
with Memory Management

@® 68010 with 10 MHz Clock

® 68451 MMU with 10 MHz Clock

@® 68450 DMAC with 10 MHz Clock
@ 128 Kbyte No Wait State SRAM

©® RS232 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 arbiter.

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 RAM

4 EPROM sockets for system and/or User pro-
grams (max 128 Kbyte)

BLOCK DIAGRAM OF THE SYS68K/CPU-3VB

All on-board devices are able to interrupt the
onboard 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/0 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.

| rs22 | I stausteps | [ controL |
ONTROL
MPCC 68561 DMAC 68450 CPU 68010 PI/T 68230 (:::) CLOGIC
; DATA BUS
T I I T 11
: CONTROL BUS
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: RTC s A
58167 BUs
; < < / ) '
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MMU 68451 3
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U@@ )

VMEbus CONNECTOR |
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Table 1 - CPU-3VB Memory Layout

Address

000000
to
000007

000008
to
01FFFF

008000
or
020000
to
EFFFFF

F00000
to
F3FFFF

F40000
to
FAFFFF

FF0000
to
FFFFFF

Description

Start Vectors from System EPROM

Static RAM (128 Kbyte)

VMEbus Addresses

SYSTEM and USER EPROM Area

LOCAL /0 Devices

Short1/0 VMEbus Addresses

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
1/0 areas.

The SYS68K/CPU-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 SYS68K/
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/0 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 SYS68K/CPU-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 SYS68K/
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 32Kbyte
27128 EPROM 16Kx 8 X X 64 Kbyte
27256 EPROM 32Kx 8 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 100ns to 400ns.

Figure 1 — The CPU-3VB Address Translation Handling

68010 CPU 68450 DMAC 68561 MPCC
1 |
1
LOGICAL ADDRESS
OWN
CoNTROL MR
68451 MMU
LOGIC cPU
PHYSICAL ADDRESS BUS

VMEbus
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6. 68561 Multi-Protocol
Communication Controller
The MPCC contains different protocols to commu-
nicate vig the RS232-compatible interface to a
user—supphed serial communication device.
Protocols: IBM binary synchronous (ASCIl or
EBCDIC)
Character oriented protocols (BSC,
DDCMP, X3.28, X.21, ECMA16)
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
maximym 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 to the CPU.

7. 68230 Parallel Interface and Timer

Module .
The PI/T with its 8 MHz clock frequency allows an
optical status dlsplay through the eight yellow sta-
tus LEDs on'the front panel.
Interrupts are controlled through the 2nd port.
Each interrupt request level can be enabled or dis-
abled ‘through a CPU command. The exception
signals ACFAIL and SYSFAIL are monitored
through the 3rd port. Additionally, both the MMU
translation for the CPU and the DMAC and the bus
release functions are software programmable
through this port.
The PI/T I/O ports are used for local control only
and mclude a 24-bit programmable timer. This

timer may be used for generating or measuring time
delays, or as a watchdog timer. The PI/T 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:

Table 4
Interrupt Software Prog.
Device Name IRQ Level Auto Vector Interrupt Vector
SWITCH ABORT 7 X
58167A RTC 6 X
68230 PI/T 5 X
68451 MMU 4 X
68561 MPCC 3 X
68450 DMAC 2 X

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 bus arbitration (if required).
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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.
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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/downline 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.

@ Inorder toread 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/0

Control

Real Time Clock
SRAM

EPROM

VMEbus

Arbiter
Firmware
Power
Requirements

Operating Temp
Storage Temp
Relative Humidity
Board Dimensions

68010 CPU 10 MHz

68450 DMAC 10 MHz

68451 MMU 10MHz with software programmable address
translation, paging and address range protection

68561 Multi-Protocol Communication Controller with

a software-selectable baud rate from 110to 38400 baud and
variable I/0 signal assignment

68230 PI/T for 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/200mA (max)

—-12V/200mA (max)

0to+50degrees C

—50to +85 degrees C

0~-95% (non-condensing)

Double Eurocard 234 x 160 mm (9.2 x 6.3”)

Ordering Information

SYS68K/CPU-3VB
PartNo. 100312

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

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

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-4VC

Fast Multiprocessor CPU Board
with Battery-Backup

® 12.5 MHz 68010 CPUr

® 128 Kbyte No Wait State SRAM
@® 512 Kbyte EPROM capacity

@® Real Time Clock

@ 68450 DMA Controller

@ Installed Real Time Kernel
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General Description SYS68K/CPU-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 powerful control functions.

BLOCK DIAGRAM OF THE SYS68K/CPU-4VC

The implemented VMEbus interface is fully VMEbus
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-
lel 1/0 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”,
3'/,”,5'/,” 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 68010 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 SYS68K/CPU-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.

Table1 CPU-4VC Memory Layout

Address

000000
to Start Vectors from System EPROM
000007

000008
to Static RAM
01FFFF

008000
or
020000
to
EFFFFF

F00000
to | SYSTEMandUSEREPROMArea
F7FFFF

F80000
to | LOCALI/ODevices
F8FFFF

F90000
to VMEbus Addresses
FEFFFF

FFO000
to Short I/0 VMEbus Addresses
FFFFFF

Description

VMEbus Addresses

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 VMEDbus. 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
lower VMEbus load.

3. The Static RAM

The SYS68K/CPU-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.
1000h data retention).

Each static RAM access (read and write) of the pro-
cessor runs without any wait states at 12.5MHz
clock frequency.
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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
EPROMSs or SRAMs (JEDEC compatible pin-out).

Table 3 lists the usable device type for each area.

Organi- | System | User Total
Device| Type | zation | Area |Area1-3| Capacity
2764 |[EPROM| 8Kx8 X X 64 KBYTE
27128 |[EPROM | 16 Kx8 X X 128 KBYTE
27256 |EPROM | 32Kx8 X X 256 KBYTE
27512 |EPROM | 64 Kx8 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,ECMA16 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/0 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 (PI/T) 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 PI/T port.

The bus release functions are also software pro-
grammable through the 3rd port.

The PI/T includes a 24-bit programmable timer with
a5 bit prescaler. This timer may be used for measu-
ring time delays or as a watchdog timer.

The PI/T timer interrupt request signal is used to
force an auto-vectored interrupt to the CPU.
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7. The Parallel I/0 Port

A second PI/T is used on the board to provide pa-
rallel 1/0 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
SYS68K/CPU-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
1ms to 6ms.

All drive select signals and status lines from the
disk interface are controlled via the PI/T. 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 PI/T. For high asynchro-
nous use of the floppy, the FDC is connected to the
DMAC viaits 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 VMEDus 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 SYS68K/CPU-4VC.

Table 4
IRQ | Interrupt Software Prog.

Device {Name |Level | AutoVector | InterruptVector
SWITCH|ABORT| 7 X

58167A [RTC 6 X

68230 (PI/T1 5 X

68230 |(PI/T2 4

(FDC)

68561 |MPCGC | 3 X
68450 |DMAC | 2 X

12. The VMEDbus 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 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.
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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. N

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

Serial I/0 support for up to two SIO-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 sup-
ported.

13.1 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 d 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.

13.2 Description of the Kernel Functions ‘
The kernel of VMEPROM is written in 680 x O 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 gverhead
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.
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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 I/O boards and one
disk controller.

In addition, EPROM programming is supported by
VMEPROM utilising the SYS68K/RR-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 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.

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
PDOS is available for each of the SYS68K/CPU-4V
products. PASCAL,C,FORTRAN 77 and a powerful
macro assembler supports the various applica-
tions. Please refer to the SYS68K/PDOS data
sheet for further information.
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Specification of the SYS68K/CPU-4VC Boards

Microprocessor
DMA Controller
Serial I/O

Parallel I/O

Control

Real Time Clock
SRAM

EPROM

VMEbus

Arbiter
Firmware
Power Requirements

Operating Temperature
Storage Temperature
Relative Humidity
Board Dimensions

Optionally Available:
Floppy Controller

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/0 signal assignment

Two 8 bit ports and 4 handshake signals are available onthe
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)

FullVMEbus 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)

Oto+50degreesC

-50to +85 degrees C

0-95% (non-condensing)

Double Eurocard 234 x 160 mm (9.2 x6.3")

WD1772 Single Chip Floppy Controller for up to four 5 1/4” drives

Ordering Information

SYS68K/CPU-4VC
PartNo. 100413

SYS68K/CPU-4FDC
PartNo. 110040

SYS68K/CPU-4VC/UM
PartNo. 800102

SYS68K/VMEPROM/UM
PartNo. 800140

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

Floppy Disk Controller option (1772) supporting up to four drives
(3,; /zn or5 1/4”

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

® 128 Kbyte No Wait State SRAM
® 68881 FPCP

@ 68450 DMA Controller

©® 2 RS$232 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

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.

VMEDbus Interface VMXbus Interface
Address | Data | Control IRQ Address Data | Control IRQ
11 11 ﬂ ]
L I T 1T
10
| 11T
=
Board il l
1 Control DTACK and Power Fail
Logic, ) BERR Detection,
Arbitration Generation RESET
Logic Generator
J |
T
— )
1 =
L] L L L] 232
EPROM PUT BIM 2
MPCC
g — U= q RS
232
Decoding
Logic
F 11T
1 E
Floating Point i
CPU 68000 Co-Processor 128 Kbyte DMAC 68450
881 SRAM
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SYS68K/CPU-5A Features

68000 CPU with 16.7 MHz clock frequency.
68881 Floating Point Co-Processor with 16.7
MHz clock frequency.

68450 DMA Controller with 8MHz 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 PI/T.

Single level arbiter.

VMEbus interface (A24:08,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 68010 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 SYS68K/CPU-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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The following table shows the global memory lay-
out of the CPU-5A board:

Address

000000
to
000007

000008
to
O1FFFF

020000
to
XXXXXX

Description

Start Vectors from System EPROM

Static RAM on CPU-5A (128 Kbyte)

VME or VMXbus Addresses

XXXXXX
to
EFFFFF

F00000
to
F3FFFF

F80000
to
F8FFFF

F90000
to
FEFFFF

FF0000
to
FFFFFF

VMX or VMEbus Addresses

SYSTEM and USER EPROM Area

LOCAL I/0O Devices

VMEbus Addresses

Short /0 VMEbus Addresses

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 Sine, cosine, hyperbolic sine
and cosine
Subtract Tangent, cotangent, hyper-
Multiply bolic tangent and cotangent
Divide e EXP(x)
Compare e EXP(x-1)
Scale Exponent | E EXP(xtract (4))
Modulo In(x), In (x+1)
Conditional log 10 (x), log 2 (x)
branches
Absolute value | 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
The SYS68K/CPU-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 for VMEPROM (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 64 Kx8 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 DMAC,
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:

@ |BM 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/0 signal assignment of the 4 input and 4 out-

put signals per channel to the 25 pin D-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 (PI/T) 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
a5 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 muilti-
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 PI/T
Serial /0 1 MPCC 1
Serial /102 MPCC 2
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 PI/T
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: D8, D16) is sup-
ported.
Software programmable bus release functions
allow flexible adjustment to the various application
dependent requirements.

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 managément. 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-/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 SYS68K/

ISCSI-1 mass memory controller may be used.

VMEPROM also allows disk formatting and in-

itialisation.

Serial /0 support for up to two SIO-2 or ISIO-1/2

boards in the system.

EPROM programming utility using the SYS68K/

RR-2/3 boards.

Full Screen Editor.

1/0 redirection to files or ports from the com-

mand line.

Over 100 system calls to the kernel are sup-

ported.



SYS68K/CPU-5A

11.1 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.

11.2 Description of the Kernel Functions

The kernel of VMEPROM is written in 680 x O 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 I/0 boards and one
disk controller.

In addition, EPROM programming is supported by
VMEPROM utilising the SYS68K/RR-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.
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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-5A board.

VMEPROM will be available on the CPU-5Ain Q4/87.
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Specifications of the SYS68K/CPU-5A Boards

Microprocessors

SRAM

EPROM
CONTROL
DMA Controller
Serial I/O

Interrupts

VMXbus
VMEbus

Firmware
Power Requirements

Operating Temperature
Storage Temperature
Relative Humidity
Board Dimensions

Floating Point, Co-Processor

68000 CPU 16.7MHz on CPU-5A
68881 FPCP 16,7MHz on CPU-5A
128 Kbyte of zero wait state static RAM (16,7 MHz operation)
4 Sockets for JEDEC compatible EPROM’s (256 Kbyte max)
68230 PI/T for interrupt control and timer function
68450 DMAC (8MHz)
68561 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:D8, D16, early DTACK option
VMEDbus interface A24: D8, D16
A16:D8,D16
IRQ handler (1-7 dynamically)
Single level arbiter
Requester (0-3 static)
128 Kbyte of firmware (VMEPROM)
+ 5V/5.0A(max)
+12V/200mA(max)
—12V/200mA(max)
0to+50degrees C
—50to +85 degrees C
0-95% (non-condensing)
Double Eurocard 234x160mm (9.2x6.3")

Ordering Information

SYS68K/CPU-5A
Part No. 100501

SYS68K/CPU-5 UM
PartNo. 800078

SYS68K/VMEPROM/UM
PartNo. 800140

16,7MHz 68000 CPU board with Floating Point Co-Processor
(16.7MHz) and VMEPROM, UM included.

User’s Manual for CPU-5A

VMEPROM User’s Manual
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System 68000 VME
S$YS68K/CPU-6

Flexible CPU with Floating Point
Support

® 68000/68010 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 SYS68K/CPU-6 board is a
high speed VMEbus board based on a 68000/
68010 processor. It contains 512 Kbyte of dynamic
RAM, 3 serial I/O interfaces, up to 256 Kbyte of
EPROM and a parallel I/O interface as well as a Real
Time Clock.

BLOCK DIAGRAM OF THE SYS68K/CPU-6

The implemented VMEbus interface is IEEE 1014
standard compatible, and features a single level
arbiter, a SYSCLK-driver and a power monitor/
RESET generator.

Details of the structure of CPU-6 are shown in the
block diagram.

VMEbus Interface P2 Connector
Address | Data | Control IRQ 68230 PI/T
l ” T E ] |
|
]
[
Power Fail
Battery ]| Detection
Back-up RESET
Generator
L BOARD
REAL ) | CONTROL DTACK,
TIME LOGIC BERR
CLOCK Generator
CONTHO- | aca REMOTE
JEi Il | Rs232
ADDRES 3 Aca TERMINAL
I T T ratn
— DAIA. : — HOST
ACIA RS232
L - U - L - L -
68000 CPU 512 KByte EPROM EPROM/SRAM
DRAM AREA AREA
68881 FPCP
only on CPU-6VB
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SYS68K/CPU-6 Features

@® 68000 CPU ( 8,0MHz) on CPU-6

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

68010 CPU (12,5MHz) on CPU-6VA/6VB

512 Kbyte of dynamic RAM

0 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
SYS68K/CPU-1B 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/0
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 | O7FFFF | Dynamic RAM

080008 | 09FFFF | SYSTEM EPROM

0A0000 | OBFFFF | USEREPROM

OEQ000 | OFFFFF | I/Ointerfaces

100000 | FEFFFF | VMEbus standard
addressing (A24:)

FF0000 | FFFFFF | VMEbus short1/O
addressing (A16:)

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 SYS68K/CPU-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| 16K x8 X X
27256 [EPROM| 32Kx8 X X
27512 |[EPROM| 64K x8 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/0 signals can be
assigned to one of the 25 pin D-sub female connec-
tors on the front panel.
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5. Parallel I/O

The board contains a Parallel Interface and Timer
chip (PI/T 68230) with a clock frequency of 8MHz.
The PI/T operates in uni- or bi-directional mode
either 8 or 16 bits wide.

Each of the I/0 lines can be configured as an input
or as an output by programming the PI/T.

For asynchronous software control, the third 8-bit
port can be configured to drive an interrupt on level
5to the CPU.

6. Programmable Timer

The PI/T 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 (58167ARTC) 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
alocal interrupt does not cause a VMEbus request.
The following table shows the interrupt structure of
CPU-6.

Description Device |Level| VectorNo.
ABORT Switch | 7 31
Real Time Clock 58167A| 6 30
Parallel Interface 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 (RAT)
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 s 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-/downloading from any port de-
fined in the system.

® Disk support for RAM-disk, floppy and winches-

ter disks. Either a SYS68K/WFC-1 ora SYS68K/

ISCSI-1 mass memory controller may be used.

VMEPROM also allows disk formatting and in-

itialisation.

Serial I/0 support for up to two SIO-2 or ISIO-1/2

boards in the system.

EPROM programming utility using the SYS68K/

RR-2/3 boards.

Full Screen Editor.

1/0 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

of VMEPROM

The user interface of VYMEPROM 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-

74

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 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.

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/0O boards and one
disk controller.

In addition, EPROM programming is supported by
VMEPROM utilising the SYS68K/RR-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 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.

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 Q4/87.
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Specification of the SYS68K/CPU-6 Products

Microprocessor: 68000, 8,0MHz 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
0 Wait State at S8MHz
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/0: 3 RS232 interfaces built with 6850 devices (ACIA)

Strap selectable baud rate from 110-19200 baud
Strap selectable I/0 signal assignment to the 3
25-pin D-Sub Connectors.

Parallel I/0: 68230 PI/T with 24 1/0 signals connected to P2 connector
Timer: 24-bit timer included in the PI/T
Real Time Clock: 58167 RTC with on-board battery back-up
Interrupts: Allon-board devices are capable of generating interrupts to
the CPU on afixed IRQ level. Local interrupts do not cause
aVMEbus request.
VMEDbus Interface: Jumper selectable VMEbus request level (0-3)
Transfer Modes A16: D8, D16
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 of firmware (VMEPROM)
Power Requirements: + 5V/2.9A

+12V/0.2A

-12V/0.2A
Operating Temp. 0to 60 Degrees C
Storage Temp. —50t0 +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 68K/CPU-6
Part No. 100601

SYS68/CPU-6A
Part No. 100602

SYS68K/CPU-6VA
PartNo. 100610

SYS68K/CPU-6VB
PartNo. 100611

SYS68K/CPU-6UM
Part No. 800094

SYS68K/VMEPROM/UM
PartNo. 800140

68000 CPU Board (8MHz), 512 Kbyte DRAM
including User’s Manual

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

68010 CPU 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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32 bit CPU Board Introduction

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, thenitis
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 SYS68K/CPU-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 SYS68K/CPU-
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 S/W compa-
tible upgrades to the memory managed 68030 en-
vironment , FORCE Computers has again shown
its commitment to their customers by producing
the SYS68K/CPU-32. The board is fully s/w 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 SYS68K/CPU-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 I/0 channels. On board
real time kernel in EPROM. All provided as standard.
The CPU-22 is the 32 bit multiprocessor solution.
SYS68K/CPU-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 performace 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 SYS68K/CPU-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 /O channels and a SCSIbus
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 S/W and experience in Intel environ-
ments, FORCE Computers has the answer. The
SYS80K/CPU-386 is the firstimplementation of the
80386 processor on the VMEbus. The board pro-
vides as standard 2 Mbyte of DRAM, 3 serial /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.
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FAMILY CPU-20 CPU-21 CPU-22 CPU-24 CPU-25 CPU-26 CPU-29
Processor Type 68020 68020 68020 68020 68020
Frequency min. 12.5MHz 16.7 MHz 16.7 MHz 16.7 MHz 12.5MHz
max. 25.0MHz 20.0MHz 20.0 MHz 20.0 MHz 30.0 MHz
FPCP Type 68881 68882 68881 68882 68882
Frequency min. 12.5MHz 16.7 MHz 16.7 MHz 16.7 MHz 12.5MHz
max. 20.0MHz 20.0MHz 20.0 MHz 20.0 MHz 25.0 MHz
DMAC Frequency min. - 16.7 MHz - 16.7 MHz -
max. Not - 20.0MHz Not - 20.0MHz -
MMU Type recom- - - recom- 68851 - -
ded ded
RAM Type Pl SRAM I e SRAM DRAM SRAM
RAM Capacity ~ min. . 512 Kbyte 256 Kbyte . 512 Kbyte 1 Mbyte 1 Mbyte
max. designs. 2 Mbyte 1Mbyte | designs. 2 Mbyte 4 Mbyte 1 Mbyte
No. of Wait States 0 0 0 1 0
RAM Function local DPR local DPR local
No. of EPROM Sockets 8 4 1 4 4
28 Pin Support X X X X X
32 Pin Support - X - X X
Max. Capacity 512 Kbyte 4 Mbyte 64 Kbyte 4 Mbyte 4 Mbyte
VMEPROM X X - X X

Spieod Nd) 39 3¢
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FAMILY CPU-20 CPU-21 CPU-22 CPU-24 CPU-25 CPU-26 CPU-29
Battery Backup-SRAM - 32 Kbyte - 32 Kbyte -
Serial I/Os RS232 1 1 1 1 2
RS232 & RS422 1 1 1 3 -
Used Controller Chip 2x68561 68562 2x68561 2x68562 2x68561
Floppy Disk Interface - - - X -
SCSl Interface - - - X -
SCSI Transfer Speed - - - 4 Mbyte/s -
FORCE Message
Passing Channels - 2 - 2 -
Location Monitors Not - 16 Not - 16 -
Single Level Arbiter recom- X X recom- X X X
mended mended
FORCE Gate Array for new - FGAO002 for new - FGA002 FGAO001
Timer 24 bit designs. 1 2 designs. 1 2 2
Timer 8bit - 4 - 4 _
VMXbus Interface X X - - -
VSB Interface - - - - X
No. of Used Slots 2 1 2 1 1
Operating Temp. min. 0°C 0°C 0°C 0°C 0°C
max. 50°C 50°C 50°C 50°C 50°C
Detailed Description
on Page: 93 105 123 131 149

Spieod Nd) 19 3¢
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FAMILY CPU-30 CPU-31 CPU-32 CPU-386 : ‘CPU-386A
.| Processor Type . 68030 68030 -68030 80386 - 80386
‘Frequency min. 16.7 MHz 16.7 MHz 12.5MHz 16.7 MHz 16.7 MHz
max. - 20.0MHz 20.0 MHz '33.0MHz 16.7 MHz 16.7 MHz
| FPCP Type 68882 68882 68882 - 80387
Frequency min. 16.7 MHz 16.7 MHz 12.5 MHz - 16.7 MHz
max. 20.0MHz 20.0 MHz 25.0MHz - 16.7 MHz
DMAC Frequency min. 16.7 MHz 16.7 MHz - - -
max. 20.0MHz 20.0MHz - - -
On Chip MMU X X X X X
RAM Type DRAM SRAM SRAM DRAM DRAM
RAM Capacity ~ min. 1 Mbyte 1 Mbyte 1 Mbyte 2 Mbyte 2 Mbyte
max. 4 Mbyte 1 Mbyte 1 Mbyte 8 Mbyte 8 Mbyte
No. of Wait States 1 0 0 0 0
RAM Function DPR DPR local local local
No. of EPROM Sockets 4 4 4 4 4
28 Pin Support X X X X X
32 Pin Support X X X - -
Max. Capacity 4 Mbyte 4 Mbyte 4 Mbyte 256 Kbyte 256 Kbyte
FORCEbug - - - X X
VMEPROM X X X - -

MBIAIOAD
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FAMILY CPU-30 CPU-31 CPU-32 CPU-386 CPU-386A
Battery Backup SRAM 32 Kbyte 32 Kbyte - - -
Serial I/0Os RS232 1 1 2 3 3
RS232 & RS422 3 1 - - -
Used Controller Chip 68562 68562 2x68561 68562 68562
Floppy Disk Interface X - - - -
SCSlInterface X - - - —
SCSI Transfer Speed 4 Mbyte/s - - - -
FORCE Message 2 2 _ _ _
Passing Channels
Location Monitors 16 16 - - -
Single Level Arbiter X X X X X
FORCE Gate Array FGA002 FGA002 FGAO001 - -
Timer 24 bit 2 2 2 - -
Timer 8bit 4 4 - 3+2 3+2
VMXbus Interface — - - - -
VSB Interface - X X - -
No. of Used Slots 1 1 1 1 1
Operating Temp. min. 0°C 0°C 0°C 0°C 0°C
max. 50°C 50°C 50°C 50°C 50°C
Detailed Description
on Page: 161 179 197 209 209

Spieod Nd) g ¢
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System 68000
SYS68K/FMB

Force Message Broadcast
on the VMEbus
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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
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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 VMEDbus 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
possibleé 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
ora CPU board.

Normally, one or more IRQ level(s) per interrupt
handler can be assigned (static IRQ handler).

This allows 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 grant daisy chain takes approximately 100ns
per IACK cycle and the time overhead to perform the
cycle on each CPU board requires additional 100ns.
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 @ 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 of the 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 VMEDbus 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 ormore 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 330ns 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 VMEDbus 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
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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 programmabile 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 FMB
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.
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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 and/or FMB masters.

SYS68K/CPU-22

SYS68K/CPU-26

SYS68K/CPU-30

SYS68K/CPU-31

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

68020 CPU board with FPCP,
4 Mbyte Dual Ported DRAM,
DMA, SCSI, FDC and 4 serial
1/0s

68030 CPU board with FPCP,
4 Mbyte Dual Ported DRAM,
DMA, SCSI, FDC and 4 serial
1/Os

68030 CPU board with FPCP,
constant zero wait state Dual
Ported RAM, DMA and VSB
interface

o1

CPU boards as listed below can only initiate a FMB

cycle as a master.

SYS68K/CPU-21

SYS68K/CPU-25

SYS68K/CPU-29

SYS68K/CPU-32

68020 CPU board with FPCP,
constant zero wait state SRAM
up to 25 MHz clock frequency

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

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

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-21

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
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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 (EPROMSs or SRAMSs), two serial
ports, alocal control device as well as the advanced
floating point co-processor 68881 (CPU-21).

A static RAM (512 Kbyte) is installed on the CPU-21
to provide zero wait state operation at 12.5 to 25
MHz on read and write cycles.

BLOCK DIAGRAM OF THE SYS68K/CPU-21Y

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-21B 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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VMXbus Interface

Address | Data | Control IRQ

1

Address { Data | Control IRQ

| T TT1

Hl

| | . B

11 11

1]

Board
—] Control DSACK and Power Fail
Logic, BERR Detection,
Arbitration Generation RESET
Logic Generator
JE
] RS
N\ % L] L] 232
EPROM, - 8 2 422
SRAM b ™M MPCC
l Il It (] s
232
Decoding
[ Control |Address | Data Logic D D
T 1T T IIT
1 I N
A A
D D
1 Mbyte 1 Mbyte
68020 CPU % 68881 FPCP Biyeh e

95



SYS68K/CPU-21

Features of the SYS68K/CPU-21

® 68020 CPU (12.5 MHz) on CPU-21S

68020 CPU (16.7 MHz) on CPU-21

68020 CPU (20.0 MHz) on CPU-21A

68020 CPU (25.0 MHz) on CPU-21B

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 Timer for 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 (jumper 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 |EEE 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 LEDs

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-code fetches.
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).

The 68020 offers additional instructions to the
68010 such as string manipulations, extended
branches over the 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 IO and mem-
ory through a full buffered address and data bus.

1.2 The Floating Point Co-Processor

The SYS68K/CPU-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
|EEE 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)
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1.3 The Serial I/0 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 Mbit/s

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/0 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 PI/T)
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
PI/T.

The SYSFAIL and ACFAIL signal of the VMEbus is
routed to the handshake pins of the PI/T 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 PI/T.

The bus release functions of the VMEbus (ROR,
RAT, RATAR, RATBCLR, RORAT, RORRAT) are
SOFTWARE selectable through port C of the PI/T.
The PI/T 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 PI/T
ACFAIL PI/T
SYSFAIL PI/T
VMX-IRQ PI/T

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:

Device Organization SYSTEMArea USER Area TOTAL

Type capacity capacity capacity
2764 8Kx8 32Kbyte 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 - 32 Kbyte 32 Kbyte
62256 32K x8 — 128 Kbyte 128Kbyte

The board is fitted with the VMEPROM (in 4 EPROMSs
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 time of the SYSTEM 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 DIN
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-21B memory extension is
supported by the SRAM-22B.

1.8 The Local Control

Alocal 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 DE-
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 LEDs.

6 LEDs on the front panel show the number of wait
states inserted by the 68020 CPU.

1.9 The VMEDbus Interface

A full 32 bit VMEbus/IEEE 1014 standard interface
is implemented on the CPU-21 to communicate to
global RAM — and 1/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:

Transfer Type D31-D24 D23-D16 D15-D8 D7 -DO0 Note
Byte X
X
Word X X
Long-Word X X X X
Unaligned X X X 1
Transfers X X 1
X X X 1
Read Modify Write X 1
X X 1
X X 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 PI/T.

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 Time-Out

b) RATAR Release after Time-Out if Request
is pending

c) RATBCLR  Release after Time-Out if bus clear
is active

d) ROR Release on Request

e) RORAT Release on Request after
Time-Out

f) RORRAT Release on Request and Release

after Time-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 I/0 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:

SD 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 PI/T. 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
SYS68K/ISCSI-1 mass memory controller may
be used. VMEPROM also allows disk formatting
and initialisation.

Serial I/0 support for up to two SIO-2 or ISIO-1/2
boards in the system.

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

Full Screen Editor.

1/0 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

of VMEPROM

The user interface of VMEPROM allows I/O redirec-
tion tofiles 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 O 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 I/O 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 putin EPROMS
easily without the overhead of the user interface.
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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.

2.8 Licensing
No license is required for VMEPROM. VMEPROM
is delivered free of charge with every CPU-21 board.



SYS68K/CPU-21

Specification CPU-21

CPU
Clock Frequency

Floating Point Co-processor

FLME Memory

No of Wait States

SYSTEMEPROM sockets

USER EPROM sockets

EPROM capacity (max)

SRAM capacity (max)

SRAM capacity at delivery for VMEPROM
No of Wait States

Serial /O Interfaces

VMEDbus Interface IEEE 1014
A32,A24,A16
D32,D24,D16, D8
Interrupt Handler
(1-7 Stat)
Single Level Arbiter
Bus Release Functions
Primary VMXbus Interface (D32NA)
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 x6.3”")
No. of Slots used
Thickness

68020
12.5 MHzon CPU-21S
16.7 MHz on CPU-21
20.0 MHzon CPU-21A
25.0 MHzon CPU-21B
12.5 MHz on CPU-21S
16.7 MHz on CPU-21
20.0 MHzon CPU-21A
20.0 MHzon CPU-21B
512 Kbyte
0
4
4
512Kbyte
128 Kbyte

32 Kbyte
2
1RS232
1RS232/RS422

xX X

X
X
6
X
X
X
128 Kbyte

5.3A(2x)
0.2A(1x)
0.2A(1x)
0to50

-40t0 85
0t095 %

X

2

38mm (1.39”)

101



SYS68K/SRAM-22

SESTTEESE

Yoo

Philippines BI
-

8650 9645

e TETETS

L1
5
5
5

YUY
P T

& e
GBBﬁﬂnnﬂﬂﬁﬂcuﬁ!} @

102




SYS68K/CPU-21

General Description

The SYS68K/SRAM-22 1s 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 tbtal) to allow maximum throughput for the
68(120. 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

Two banks (32 chips each) are associated with one
SRAM board. 2 LEDs show if an access is pending
to one of the two memory banks.

To support the higher clock frequency of CPU-21A,
the SRAM-22A i1s equipped with 45ns devices.
The RAM extension for CPU-21A can only be made
with SRAM-22A.

1.2 Serial I/0 Interface

A Multi Protocol Communications Controller
(68561 MPCC) is installed on the SRAM-22 to pro-
vide an additional serial 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.

Memory Capacity
Access Time of SRAMs

No. of SRAMs

Serial I/O Channel

RS232interface

RS422interface

Power Requirements

+ 5V (max)

+12V (max)

-12V (max)

Operating Temperature (degree C)
Storage Temperature (degree C)
Relative Humidity (non-condensing)
Board Dimensions

234x160x 18 mm(9.2x6.3x0.71")

512Kbyte

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

1

X
X

2.8A
0.1A
0.1A
0to50
-40t0 85
0-95%
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Ordering Information

SYS68K/CPU-21S
Part No. 101041

SYS68K/SRAM-22S
Part No. 201040

SYS68K/CPU-21
PartNo. 101001

SYS68K/SRAM-22
Part No. 201000

SYS68K/CPU-21A
PartNo. 101011

SYS68K/CPU-21YA
PartNo. 101061

SYS68K/SRAM-22A
PartNo.201010
SYS68K/CPU-21B
Part No. 101021

SYS68K/CPU-21YB
PartNo. 101071

SYS68K/SRAM-22B
PartNo. 201020

SYS68K/CPU-21 UM
PartNo. 800073

SYS68K/VMEPROM UM
PartNo. 800140

68020 CPU board including Floating Point

Co-processor 68881 with 12.5 MHz clock frequencyand
512 Kbyte of zero wait state RAMincluding documentation
and VMEPROM

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

68020 CPU board (CPU-20) including Floating Point
Co-processor 68881 with 16.7 MHz clock frequency and
512 Kbyte of zero wait state RAMincluding documentation
and VMEPROM

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

68020 CPU board with 20.0 MHz clock frequency, 68881 FPCP
and 512 Kbyte of zero wait state RAMincluding documentation
and VMEPROM

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

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

68020 CPU board with 25.0 MHz clock frequency, 68881 FPCP
and 512 Kbyte of zero wait state RAMincluding documentation
and VMEPROM

68020 CPU board with 25.0 MHz clock frequency, 68881 FPCP
and 2 Mbyte of zero wait state RAMincluding documentation
and VMEPROM

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

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 20.0 MHz

@® 256 Kbyte or 1 Mbyte constant 0 Wait State
SRAM

® FORCE Message Broadcast and Location
Monitors

@ 32 bit VMEbus and 32 bit VMXbus Interfaces
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1. General Description

The SYS68K/CPU-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 SYS68K/CPU-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 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-
mable level.

Additional features include the up to 4 Mbyte
EPROM capacity (32 bit wide), the 2 multi-protocol
serial I/0 links, the 32 Kbyte battery backed up
SRAM, the Real Time Clock/Calender and the
VMXbus interface.

VMXbus q
Interface /
68882 FPCP 68020 CPU q Ad- | Con- Data | Inter- Bus
dress | trol rupt Arbi
— | 1l LI J]
Address Address i
4epPrROMS | | Control =, Control
4 Mbyte vy
=H = Y
1 Tntecrupt ’
input
’ EGA-002 IL Register
= — [I1 Output Q!
| Address | DATA Local Interrupt Register 5232
Decoding Management -
Logic /
- > P3
|r S-DPR S-DPR 32811 | Gene Local /O ] 4
| IMbyte Control DMA ral interface DUSCC T DUSCC = P4
i 4 Logic Controller |Control 68562 | [ 68562 4
- Logic | yme | Location .
VMEbus bus. Monitors i RS232/422
t Decoding Control | Message 4
Logic Logic
L‘Address 9 gt Passing Real | Real
] /Q Interface Time ~T| Time
. Clock
— | Clock Battery
Iﬁ: / 1
§ SRam 7| SRAM
32Kbyte | - | 32Kbyte
BOOT
‘—-—-—-Liaom ,
! Address
{ = e
s
VMEbus lj
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. Features of the SYS68K/CPU-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/0 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 1/0 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 programmabile 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, RMW and 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
VMEDbus 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 programmabile 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 switch
on the front panel allows the user to enable or dis-
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

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 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.
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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

|EEE 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

3.3 The Dual Ported RAM

The SYS68K/CPU-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 SYS68K/CPU-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.

——

CPU ADDRESS SIGNALS

CPU DATA Signals

Local
Strobes

DECODE }

$-DPR MEMORY ARRAY

ma<w
ma<w
ma<m

CONTROL

LOGIC MUX

maA=<®

i

VMEbus
Strobes

DECODE

VMEbus ADDRESS SIGNALS

BYTE STROBE GENERATOR VMEbus DATA Signals

TIMING

GENERATOR

CPU
CLOCK
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TIMING DIAGRAM OF THE S-DPR

S0 s1 52 3 s4 5 S0 s1 52 3 s4 S5 0

CLKCPU L J 1 | 1 J | J
(20 MHz)
AS CPU I
DSACK 0/1 CPU 1
Access Cycie )
$-DPR 8 Local CPU Access VME Access Local CPU Access | Reserved for VYME (
DSVME — T
DTACK VME

|

L

A key advantage of the S-DPR technology is that
the SYS68K/CPU-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 SYS68K/CPU-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.
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Increasing the memory capacity from 256K to
1 Mbyte is possible by exchanging the SYS68K/
SMDP-05 memory module with a SYS68K/SMDP-
06 module. The SYS68K/SMDP-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 SYS68K/SMDP-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-
grees C.

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 SYS68K/
CPU-22 board versions and supports data storage
during power down phases for up to 1 year. The
SRAM s directly connected to the FORCE Gate
Array 1/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 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 SYS68K/CPU-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 16Kx 8 64 Kbyte
27256 | 28 32Kx8 128 Kbyte
27512 | 28 64K x 8 256 Kbyte
271024 | 32 128K x 8 512 Kbyte
TBD | 32 256K x 8 1 Mbyte
TBD | 32 512K x 8 2 Mbyte
TBD| 32 1Mx8 4 Mbyte

3.5.2 The SYSTEM EPROM

The SYS68K/CPU-22 board contains in addition to
the four user EPROMSs a single system EPROM to
boot the local CPU, initialize all 1/0 devices and
program the board dependent functions of the
Gate Array FGA-002. All the presetting and initiali-
zation of the I/0 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
SYS68K/CPU-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 SYS68K/CPU-22 allows the transfer of data
between memory (2 different memory areas) and
between VMXbus/VMEbus memory and the S-
DPR, as listed below.

Possible Data Transfers for the DMA Controller

Area Area2 |CPU operation |Note
VMEbus ¢—» VMEbus 100%
VMEbus ¢—» S-DPR 60— 40%

VMXbus ¢——# VMXbus 0%

| == ] =]

VMXbus ¢—+» S-DPR | 60- 40%
VMXbus ¢—+» VMEbus | 60— 40%
S-DPR ¢—» S-DPR 0%

Note 1: 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/0 devices, EPROM areas and the S-DPR,
while the DMA Controller transfers data. Only if the
local CPU wants to access the VMXbus or the 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/0 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 transfersto
32 bit accesses if possible.
This technology allows to transfer data between the
S-DPR and the VMEDbus by first collecting the data
from the VMXbus/VMEbus, giving up bus master-
ship and then transferring the data to the S-DPR. A
second VMXbus/VMEbus board is allowed to trans-
fer data on the VMXbus/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 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 VMXbus/VMEbus depends on the access time
of the addressed VMXbus/VMEbus module.

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.

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.

R

Transfer Count Register.

3.7 The Local I/0 Devices

The Gate Array installed on the SYS68K/CPU-22
includes an 8 bit local I/0 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 I/0 Interfaces

A Dual Universal Serial Communication Controller
(DUSCC 68562) is installed on the SYS68K/CPU-
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, FM0, 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 loopback

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

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 Signal GND
DSR | x X 6 Data Set Ready
RTS X 7 Requestto Send
CTS | x 8 Clearto 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 SYS68K/CPU-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 SYS68K/CPU-22.

The first 8 bitinput port is connected to the two 4 bit
HEX rotary switches available on the front panel for
configuration purposes.

The second 8 bitinput 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 SYS68K/SMDP
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
tothe 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
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.
Allinstalled timers can be used as a watchdog timer
or can generate interrupts on a periodical basis.

4. The VMEbus Interface

The SYS68K/CPU-22 includes a full 32 bit VMEbus
interface, thereby taking full advantage of the VME-
bus specification.

The address modifier codes for A16, A24 and A32
addressing are fully supported in master and slave
modé. -

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
(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 | D31-D24 | D23-D16 | D15-D8 | D7-DO
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-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-22 includes a DMA Controller
supporting high speed data transfer through the
on-board Gate Array. DMA transfers can be perfor-
med between the S-DPR and VMEbus memory
while the 68020 CPU is operating.

The SYS68K/CPU-22 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 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
SYS68K/CPU-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.
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5. The Location Monitors

The SYS68K/CPU-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 SYS68K/CPU-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 SYS68K/FMB Data Sheet while the
general block diagram is shown below.
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BLOCK DIAGRAM OF THE FORCE MESSAGE BROADCAST
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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 (1to 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 IRQs handled
through the Gate Array on the SYS68K/CPU-22
board. B

-
()

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
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9. The Memory Map
The memory map of the SYS68K/CPU-22 is listed
in the following table:

Agctjfgss AdEinrgss Type
00000000 | OOOFFFFF 8“@:0';?56" Memory
00100000 | FOFFFFFF Xg"z'?bD‘gséf‘gg"f%sfg’ 08
FA000000 | FAFFFFFF gf:fjgﬁgﬁ:gf;ﬁﬁ’gg
FBO0000O | FBFEFFFF XQAEbDL:JBSZ, D24, D16, 08
FBFF0000 | FBFFFFFF Xqﬂel?%ussz, D24, D16, D8
FC000000 | FGFEFFFF Xg"f:%‘fé’ 08

FCFF0000 | FCRRFFFF | MEDWS o

FD000000 | FDFFFFFF X%%ussz, D24, D16, D8
FE000000 | FEFFFFFF | yiOu. o

Ac?:i?:ss AdEdr:'gss Cai‘t::;lc- Type
FFO00000 | FF7FFFFF |8Mbyte| USER—EPROM
FF800000 | FFBFFFFF |1Mbyte| Local /O
FFC00000 | FFCFFFFF |1 Mbyte| LOCAL SRAM
FFDO0000 | FFDFFFFF |1Mbyte| fogersof
FFE00000 | FFEFFFFF |1Mbyte E;Egil""
FFFO0000 | FFFFFFFF |1Mbyte| 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.

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 SYS68K/WFC-1 or a

SYS68K/ISCSI-1 mass memory controller may

be used. VMEPROM also allows disk formatting

and initialization.

Serial I/0 support for up to two SIO-2 or ISIO-1/2

boards in the system.

EPROM programming utility using the SYS68K/

RR-2/3 boards.

Full screen editor.

1/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 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 task manage-
ment functions cover create task, kil 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 I/O 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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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 putin 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.

Compiiers, 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 required for VMEPROM. VMEPROM is
delivered free of charge with every CPU-22 board.
For more detailed information please refer to the
SYS68K/VMEPROM Data Sheet.
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Specification

Function

68020 CPU Clock Frequency on:

CPU-22 16.7 MHz
CPU-22A/-22XA 20.0MHz
68882 FPCP Clock Frequency on:
CPU-22 16.7 MHz
CPU-22A/-22XA 20.0MHz
DMA Controller: CPU-22 16.7 MHz
CPU-22A/-22XA 20.0MHz
Internal FIFO 32 byte
Max. Data Transfer Throughput 30 Mbyte/s
S-DPRType SRAM
S-DPR Capacity: CPU-22/-22A 256 Kbyte
CPU-22XA 1 Mbyte
No. of Wait States for all CPU and DMA 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/0 Interfaces (total) 2
Used Controller 68562
RS232 compatible 1
RS232/RS422 compatible 1
Real Time Clock (Type) 62421
On-Board Battery Backup yes
VMEDbus Interface
Master: A32,A24,A16:D8,D16, D32, D(0), UAT yes
Slave: A32,A24,A16:D8,D16,D32, D(0), 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
FORCE Message Broadcast
FMB-FIFO 1 8byte
FMB-FIFO 2 8byte
VMEbus Interrupt Handler 1to7
Local Bus Interrupt Handler 1to7
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:D8,D16, D32, D(0), UAT, RMW yes
Interrupt Handler yes
RESET, TEST, RUN and CACHE Switch yes
VMEPROM Firmware on all Board Versions 128 Kbyte
Power Requirements
+ 5V min/max 4.3/5.9A
+12V min/max 0.1/0.2A
—12V min/max 0.1/0.2A
Operating Temperature (Degrees C) 0to50
Storage Temperature (Degrees C) -40t0 85
Relative Humidity (non-condensing in %) 0to95
Board Dimensions (mm) 234x160

(in) 9.2x6.3

No. of Slots used 1
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Ordering Information

SYS68K/CPU-22
Part No. 101100

SYS68K/CPU-22A
PartNo. 101101

SYS68K/CPU-22XA
PartNo. 101102

SYS68K/SMDP-06
Part No. 101104

SYS68K/VMEPROM/UM
Part. No. 800140

SYS68K/CPU-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 for the SYS68K/CPU-22 products,
including VMEPROM User’s Manual.

Note: SYS68K/CPU-22 board versions without the 68882 FPCP are available upon special request.
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System 68000 VME
SYS68K /CPU-25

68020 CPU Board with Memory
Management

® 68851 Page MMU

@® Up to 4 Mbyte static RAM

@ 68881 Floating Point Coprocessor
@ Serial 1/0 Interfaces

@ UNIX YV available
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General Description

The SYS68K/CPU-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

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 SYS68K/CPU-25 is shown on the
left page while the block diagram is shown below.

VMEbus Interface RS232 RS232
RS422
Ll L
Address| contro | Dt "Q EPROM SRAM SERIAL ] SERIAL
ress | Control ata 64 KByte 32 KBY!E 1101 1102
- ] THT ] —
T 10 ] 1
I [ TI1 1 I [T 10 I
1 Wait State
L L Static
RAM
5 68153 512K/2MByte
ml BIM
—
68851 l
PMMU
I
68230
1L 18I T PUT
68881
FPCP
¢ 8DIP
VA Switches
|| —L ——
68020 CPU
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Features of the SYS68K/CPU-25

— 68020 CPU (16.7MHz)

— 68851 PMMU (16.7MHz)

— 68881 FPCP (16.7MHz)

— 512Kbyte static RAM - 1 Wait State via the FLME
interface

— 68561 MPCC serial I/0 interface (RS232 com-
patible)

— 68561 MPCC serial I/O interface (RS232 and
RS422 compatible)

— 68230 PI/T 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 LEDs 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
68010 CPU.

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 I/0 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, DDCMP, X3.28, X.21 and
ECMA16, synchronous bit oriented protocols
(SDLC, HDLC, 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 D-sub
connector is installed. The slave board offers a
RS232 and RS 422 compatible interface also avail-
able via a 25 pin D-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 (PI/T 68230)
with 8MHz clock frequency is installed on the board
to provide the local timer function as well as local
control.

Eight DIP switches available on the front panel are
readable via the PI/T 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 PI/T.

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.

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.
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1.9 The Local Main Memory

The SYS68K/CPU-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/0O expansion.

The memory capacity is 512Kbyte for the SYS68K/
CPU-25 and 2 Mbyte for the SYS68K/CPU-25Y
versions.

Memory expansion is provided by using the
SYS68K/SRAM-22/22Y boards offering 512 Kbyte
or 2 Mbyte additional capacity to the SYS68K/
CPU-25 or CPU-25Y.

An additional RS232/422 compatible I/O interface
is installed on the SYS68K/SRAM-22/22Y to allow
serial communication on the local bus without
using the VMEbus for this purpose.

Only the SYS68K/CPU-25 and the SYS68K/
SRAM-22 operate together while the SYS68K/
CPU-25Y and the SYS68K/SRAM-22Y can be
combined.

1.10 The VMEDbus Interface

A full 32 bit wide VMEbus interface compatible to
the VMEDbus, IEEE 1014 standard is installed on the
SYS68K/CPU-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 on the
SYS68K/CPU-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 SYS68K/CPU-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/disassembiler 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 10msec clock tics

2.2 General Description )
FORCEbug is an EPROM resident debugging pack-
age for the SYS68K/CPU-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.

The debugging tools are well suited to download
programs from a host computer and debug them
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 FORCEbug 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 I/O Interfaces
RS232 1 - 1 -
RS232/RS422 1 1 1 1
VMEDbus Interface X - X -
A32,A24,A16:D32,D16, D8, 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

SYS68K/CPU-25
Partno. 101210

SYS68K/SRAM-22
Part No. 201000

SYS68K/CPU-25Y
PartNo. 101211

SYS68K/SRAM-22Y
PartNo.201100

SYS68K/CPU-25 UM
PartNo. 800126

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

512Kbyte SRAM expansion only for the 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 CPU25(Y) and SRAM-22(Y)
products.
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System 68000 VME
SYS68K/CPU-26

High Performance General
Purpose CPU Board with DPR
DMA and Mass Memory Control

® 16.7 or 20.0 MHz 68020 CPU

@ 1or4 Mbyte Dual Ported RAM
@ SCSI and Floppy Interfaces

@ 4 Serial 1/0 (R$232)

® FGA-002

131



SYS68K/CPU-26

FORCE
COMPUTERS
FGA-002

SUTo0y

SR AGE
o
wi

/ DDUTJ-100

«
\&/

I L

SETa
vaiHsOL |

i
]
]

IETETTTTRERTD

)C ‘85
WD1772-PH
02-02 8701

b
»
! 5
; i
4 (i
N
),

132




SYS68K/CPU-26

1. General Description

The SYS68K/CPU-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 SYS68K/CPU-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 SYS68K/CPU-26

Serial communication is provided through four fully
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.
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2. Features of the SYS68K/CPU-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/0 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.

SCSl-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/0 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, A16: D8, D16, D32

Slave: A32,A24,A16:D8,D16, D32

Address only

UAT and read-modify-write cycles are also

supported.

Single level VMEbus arbiter

SYSCLK driver

VMEDbus 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 SYS68K/CPU-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 1/0 interfaces, local
SRAM, and the VMEbus interface to the 68020
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 SYS68K/CPU-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 SYS68K/CPU-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 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

@ 38 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)
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@ 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 SYS68K/CPU-26 contains a dynamic RAM
area with a capacity of 1 or 4 Mbyte. The local con-
trol logic 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
DRAM is therefore 20 Mbyte/s. ‘

Dig 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 SYS68K/CPU-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-
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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 SYS68K/
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 1/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 EPROMSs

The SYS68K/CPU-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 64K x 8 256 Kbyte
271024 | 32 128Kx 8 512 Kbyte
TBD | 32 256K x8 1 Mbyte
TBD | 32 512K x 8 2Mbyte
TBD | 32 1Mx8 4 Mbyte

3.5.2 The SYSTEM EPROM

The SYS68K/CPU-26 board contains in addition to
the four user EPROMs a single system EPROM to
boot the local CPU and initialize all /0 devices and
program the board dependent functions of the
Gate Array FGA-002. All the presetting and initiali-
zation of the 1/0 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
SYS68K/CPU-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 SYS68K/CPU-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/0 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-
tiprocessor 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-26 board.

Areal Area?2 CPU operation | Note
VMEbus ¢—» VMEbus 100% -
VMEbus ¢—% DPR 40— 50% 1
VMEbus ¢—# SCSI 100% -
VMEbus ¢—»% FDC 100% -
DPR 4—» SCsSI 60— 80% 2
DPR ¢—» FDC 90% -

Note 1: CPU operation depends on the transfer
speed of the addressed VMEbus board.

Note2: 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-26.

CPU operation means that the CPU can access all
local I/0 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.

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.

AR
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3.7 The Local I/0 Devices

The SYS68K/CPU-26 contains a Gate Array (FGA-
002) which builds an 8 bit local I/O interface used to
interconnect the CPU and the I/0 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 I/0 Interfaces

Two Dual Universal Serial Communication Control-
lers (DUSCC 68562) are installed on the SYS68K/
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, NRzl, FM0O, 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 loopback

Modem control signals for each channel:

RTS, CTS, DCD

CTS and DCD programmable auto enables for
Receiver (RX) and Transmitter (TX)
Programmabile 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- |9 PinDSUB

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 Signal GND
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-
tionsifthe 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 SYS68K/CPU-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

Atotal of three 8 bit input ports and one 8 bit output
port are available on the SYS68K/CPU-26.

The first 8 bitinput 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 SYS68K/CPU-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
(1to7).

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 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.
Allinstalled timers can be used as a watchdog timer
or can generate interrupts on a periodical basis.

3.7.5. The Floppy Disk Interface

The SYS68K/CPU-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 /O signals are available
on the user defined pins of the P2 connector. The
I/0 signal assignment is compatible to the SYS68K/
ISCSI-1 Controller which allows the use of the
ISCSI-1BP 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
@ 5 1/4” 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 SYS68K/
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.
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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 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 SYS68K/ISCSI-1/1A board.

The SCSI Controller on the SYS68K/CPU-26 is fully
supported from the installed real time monitor de-
bugger VMEPROM.
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Picture of the SYS68K/CPU-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 of the VME-
bus specification.

The address modifier codes for A16, 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 | D31-D24 | D23-D16 | D15-D8 | D7-DO
X
Byte M
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 VMEDus are listed in the following table:

Access Times Min Type Max
Read 280ns 340ns 440ns
Write 280 ns 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 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 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.

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.
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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 programmabile 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.

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 SYS68K/FMB Data Sheet while the
general block diagram is shown below.

BLOCK DIAGRAM OF THE FORCE MESSAGE BROADCAST
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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 IRQ source including the 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 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 individual IRQs 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:

Aci;?:ss Adlijr;gss Type
00000000 | OO3FFFFF auﬁ'b’;;’ged Memory
00400000 | FOFFFFFF X’;"z'f%%z fgng?)s?g‘ o8
FAO00000 | FAFFFFFF | (o er Mo
FB000000 | FBFEFFFF ng;%%sz, 024 D16, 08
FBFF0000 | FBFFFFFF X%’?%%Sz’ 024 D16, 08
i b
FD000000 | FDFFFFFF | Reserved

FEO00000 | FEFFFFEF | Reserved
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Start End Capac-
Address Address ity Type
FFO00000 | FF7FFFFF |8Mbyte| USER—-EPROM
FF800000 | FFBFFFFF [1Mbyte| Locall/O
FFC00000 | FFCFFFFF |1Mbyte| LOCAL SRAM
Registers of
FFDO0000 | FFDFFFFF |1Mbyte FGA-002
SYSTEM
FFEOO000 | FFEFFFFF |1Mbyte EPROM
FFFO0000 | FFFFFFFF |1Mbyte| 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:

® 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 /O support for up to two SIO-2 or ISIO-

1/2 boards in the system.

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

@ Full screen editor.
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® |/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 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 task manage-
ment functions cover create task, kill task, alter
task priority and list tasks.

VMEPROM
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9.3. 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.

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.




SYS68K/CPU-26

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 SYS68K/RR-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 putin 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 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 for VMEPROM. VMEPROM is
delivered free of charge with every CPU-26 board.
For more detailed information please refer to the
SYS68K/VMEPROM Data Sheet.
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Specification
Function
68020 CPU Frequency on:
CPU-26X 16.7 MHz
CPU-26XA 20.0 MHz
68882 FPCP Frequency on:
CPU-26X 16.7 MHZ
CPU-26XA/-26ZA 20.0 MHz
DMA Controller: CPU-26X 16.7 MHz
CPU-26XA/-26ZA 20.0 MHz
Internal FIFO 32byte
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/0 Interfaces (total) 4
Used Controller 2x68562
RS232 compatible 1
RS232/RS422 compatible 3
Real Time Clock (Typ) 62421
On-Board Battery Backup yes
SCSI Controller Chip 87030
SCSlInterface Singleended
Data Transfer Rate asynchronous 2 Mbyte/s
synchronous 4 Mbyte/s
Connection to DMA Controller yes
1/0 Signals routed to P2
Floppy Disk Controller Chip 1772
Interface SA460
Connection to DMA Controller yes
1/0 Signals routed to P2
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Specification (cont’d)

Function

VMEbus Interface

Master: A32,A24,A16:D8,D16,D32, D(0), UAT yes
Slave: A32,A24,A16:D8,D16, D32, D(0), UAT yes
Software Programmable Access Address and Address Modifier Code yes
No. of different Areas for Dual Ported RAM 3
DPR ReadAccess 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-FIFO 2 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 1to7
Local Bus Interrupt Handler 1to7
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 128 Kbyte
Power Requirements
+ 5V min/max 4.2/5.9A
+12V min/max 0.1/0.3A
-12V min/max 0.1/0.3A
Operating Temperature (Degrees C) 0to 50
Storage Temperature (Degrees C) -40t0 85
Relative Humidity (non-condensingin %) 0to95
Board Dimensions (mm) 234x160
(in) 9.2x6.3

No. of Slots used

1

146




SYS68K/CPU-26

Ordering Information
SYS68K/CPU-26X 16.7 MHz 68020 based CPU board with 68882 FPCP,
Part No. 101130 DMAC, 1 Mbyte Dual Ported RAM capacity and
VMEPROM. Documentation included.
SYS68K/CPU-26XA 20.0 MHz 68020 based CPU board with 68882 FPCP,
PartNo. 101131 DMAC, 1 Mbyte Dual Ported RAM capacity and
VMEPROM. Documentation included.
SYS68K/CPU-26ZA 20.0 MHz 68020 based CPU board with 68882 FPCP,
PartNo. 101132 DMAC, 4 Mbyte Dual Ported RAM capacity and
VMEPROM. Documentation included.
SYS68K/VMEPROM/UM VMEPROM User’s Manual excluding the SYS68K/CPU-26
Part No. 800140 description.
SYS68K/CPU-26/UM User’s Manual for the SYS68K/CPU-26 products,
Part No. 800141 including VMEPROM User’s Manual.

Note: SYS68K/CPU-26 board versions without the 68882 FPCP are available upon special request.
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System 68000 VME
S$YS68K /CPU-29

High Performance
68020 Multiprocessor
CPU Board with VSB Interface

® 12.5 MHz to 30 MHz 68020 CPU
® 1Mbyte 0 Wait State SRAM

@® 2 Serial R$232 Interfaces

@ Full 32 bit VSB Interface
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1. Genera_! Description

The SYSB8K/CPU-29 is an ultra high speed CPU
board using a 68020 with a clock frequency of up to
30 MHz. The SYS68K/CPU-29 is fully software
compatible to the SYS68K/CPU-21 board. The
SYS68K/CPU-29 uses only a single VMEbus slot
while the SYS68K/CPU-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 cycles. A full 32 bit VSB interface including
bus arbitration and interrupt handling is installed on
all CPU-29 board versions.

BLOCK DIAGRAM OF THE SYS68K/CPU-29XC.

Two serial I/0 interfaces (RS232 compatible) pro-
vide asynchronous and synchronous data transfer
rates of up to 38400 baud or 2 Mbit/sec.

The EPROM area consists of 4 devices supporting
the 28 and 32 pin JEDEC standard providing a
maximum 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-29 boards.
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2. Features of the SYS68K/CPU-29

® 68020 CPU (12.5 MHz) on CPU-29XS
(16.7 MHz) on CPU-29X
(25.0 MHz) on CPU-29XB
(80.0 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 JEDEC standard) building a 32 bit
data path
VSB interface (full 32 bit) with single level arbiter
A32, A24, A16: D(0), D8, D16, D32
Unaligned transfers
Read-modify-write transfers
Interrupt Handler
® VMEDbus interface (full 32 bit) with single level
arbiter
A32, A24, A16: D(0), D8, D16, D32
Unaligned transfers
Read-modify-write transfers
Bus timer
Power monitor
SYSRESET generator
RUN/HALT/CACHE and TEST function switches
Status indication LEDs
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.

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 12.5to
30 MHz. This offers, in combination with the SRAM,
areal 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 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

|EEE 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.
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The low cost 12.5and 16.7 MHz versions (SYS68K/

CPU-29XS and -29X) access the static RAM (1 M- | 202/ actos CSRA".’{ o gl
byte) constantly without the insertion of wait states. yp esll:_ie oy aé) atm Y St T' Ba kery
On the 25.0 MHz version (SYS68K/CPU-29XB) (MHz) | (byle) [States B
100 ns devices (32 K x 8) are installed providing a Hppans
constant one wait state access to the RAM. CPU-29XS 12.5 1M 0 Yes
The 30 MHz board version uses 256 K x 1 oriented CPU-29X 16.7 1M 0 Yes
devices with an access time of 35 ns to guarantee CPU-29XB 25.0 1M 1 Yes
the constant zero wait state operation of the CPU.

The following table lists the CPU board type, the CPU-29XC |  30.0 ™M 0 No

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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e

153



SYS68K/CPU-29

3.4 The EPROM Area

The SYS68K/CPU-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 8Kx 8 32 Kbyte
27128 | 28 16K x 8 64 Kbyte
27256 | 28 32Kx 8 128 Kbyte
27512 | 28 64K x 8 256 Kbyte
271024 | 32 128Kx 8 512 Kbyte
TBD | 32 256K x 8 1 Mbyte
TBD | 32 512Kx 8 2 Mbyte
TBD | 32 1Mx8 4 Mbyte

3.5 The Serial I/0 Channels

The SYS68K/CPU-29 contains two Multi Protocol
Communication Controllers (MPCC 68561) which
include the following protocol features:

@ Character oriented protocols

BSC, DDCMP, X3.28, X.21, ECMA16
Synchronous bit oriented protocols

SDLGC, HDLC, 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 D-Sub connectors.
The following I/0 signals are supported with on-
board driver/receiver circuits:

Sig- | In- | Out- |9 PinDSUB

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 Signal GND
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 SYS68K/CPU-29 contains two independent
Parallel Interface and Timer devices (PI/T 68230),
for local control and status display.

The clock frequency of each PI/T is 8.064 MHz on
all different board versions. Eight control bits can
be read via the PI/T 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 PI/T. The status
bits can be used for setting different configura-
tions, defining the slot number in a VMEbus multi-
processor system etc.

The PI/T 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 viaa PI/T.

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 programmabile 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 PI/T. 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 PI/T 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 SYS68K/CPU-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 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).

3.8 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/T1 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:D8, D16, D32

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 A16, A24 and A32
addressing are fully supported.
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The following data transfer types are supported:

Transfer Type | D31-D24 | D23-D16 | D15-D8 | D7-DO

X

Byte

Word
Long Word

Unaligned
Transfers

Read Modify
Write

x

X X

The SYS68K/CPU-29 includes the following bus
arbitration modes:

RWD 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 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.

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
SYS68K/ISCSI-1 mass memory controller may
be used. VMEPROM also allows disk formatting
and initialization.

@ Serial I/0 support for up to two SIO or ISIO-1/2
boards in the system.

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

@ Full screen editor.

® 1/O 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 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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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 I/0O 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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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 putin 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 VYMEPROM.

6.8 Licensing

No license is required for VMEPROM. VMEPROM is
delivered free of charge with every CPU-29 board.
For more detailed information please refer to the
SYS68K/VMEPROM Data Sheet.
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Specifications of the SYS68K/CPU-29

Functions
68020 CPU Frequency on:
CPU-29XS 12.5MHz
CPU-29X 16.7 MHz
CPU-29XB 25.0MHz
CPU-29XC 30.0MHz
68881/2 FPCP Clock Frequency on:
CPU-29XS 12.5MHz
CPU-29X 16.7 MHz
CPU-29XB 20.0MHz
CPU-29XC 25.0MHz
Local RAM Type SRAM
Data Path 32bit
Memory Capacity 1Mbyte
External Battery backup for SRAMs Yes (+5V STDBY)
No. of Wait States — CPU-29XA 1 (allcycles)
No. of Wait States —all others 0(alicycles)
No. of EPROM Sockets 4
Data Path 32 bit
Max. Capacity 4 Mbyte
No. of Wait States (min/max) 1/8
Serial I/0 Interfaces 2
Used Controller 2x68561
RS232 compatible Yes
Real Time Clock (Typ) 62421
On-Board Battery Backup Yes
24 bit Timer 2
VSB Master Interface Yes
A32:D(0),D8,D16,D32 Yes
Arbiter Serial
Interrupt Handler IHP
VMEbus Master Interface
A32,A24,A16:D(0), D8,D16,D32 Yes
Unaligned Data Transfers Yes
Read-Modify-Write Cycles Yes
Single Level Bus Arbiter Yes
VMEDbus Interrupt Handler IH1to7
RESET, TEST, CACHE, HALT Function Switches Yes
VMEPROM Firmware on all Board Versions 128 Kbyte
Power Requirements
+ 5Vtyp/max 4.3/5.7A
+12Vtyp/max 0.1/0.2A
-12Vtyp/max 0.1/0.2A
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Specification (cont’d)
Function
Operating Temperature (Degrees C) 0to50
Storage Temperature (DegreesC) -40t085
Relative Humidity (noncondensing %) 0t095
Board Dimensions (mm) 234 x160
(in) 9.2x6.3

No. of Slots used

1

Ordering Information

SYS68K/CPU-29XS
PartNo.101150

SYS68K/CPU-29X
PartNo. 101152

SYS68K/CPU-29XB
PartNo. 101153

SYS68K/CPU-29XC
PartNo.101154

SYS68K/VMEPROM/UM
Part No. 800140

SYS68K/CPU-29/UM
PartNo. 800145

12.5 MHz 68020 CPU board with 1 Mbyte zero wait state
SRAM, FPCP and VMEPROM. Documentation included.

16.7 MHz 68020 CPU board with 1 Mbyte zero 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 of VMEPROM

User’s Manual for all SYS68K/CPU-29 board versions.
VMEPROM documentationincluded.
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System 68000 VME
$YS68K/CPU-30

High Performance General
Purpose 68030 CPU Board with DPR
DMA and Mass Memory Control

® Up to 4 Mbyte DPR

@ SCSI and Floppy Interface

@ 4 Serial 1/0 Interfaces

@ 32 bit DMA

@® Message Broadcast and Location Monitors
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1. General Description

The SYS68K/CPU-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 SYS68K/CPU-30 also includes the enhanced
Floating Point Coprocessor 68882.

Mass memory controlis provided through the SCSI
Controller and the single chip floppy disk control-

BLOCK DIAGRAM OF THE SYS68K/CPU-30

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.

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
location monitors complete the board.
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2. Features of the SYS68K/CPU-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 or4 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 1/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.

SCSl-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/0 devices are able to interrupt the lo-

cal CPU on a software programmabile 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: D8, D16, D32

Slave: A32,A24,A16:D8,D16, D32

Address only

UAT and read-modify-write cycles are also

supported.

Single level VMEbus arbiter

SYSCLK driver

VMEDbus 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-
ager 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 SYS68K/CPU-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 SYS68K/CPU30).

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 SYS68K/CPU-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

@ 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
® |EEE 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)
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® The 68882 is fully software compatible to the
68881 FPCP

3.3 The Dual Ported RAM

The SYS68K/CPU-30 contains a dynamic RAM
area with a capacity of 1 or 4 Mbyte. The local con-
trol logic 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 ina
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 refreshis 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 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 SYS68K/CPU-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 SYS68K/
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 8 SRAM are allowed if the power is within the spe-
cification 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 SYS68K/CPU-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 32Kx8 128 Kbyte
27512 | 28 64K x 8 256 Kbyte
271024 | 32 128Kx 8 512 Kbyte
TBD | 32 256K x 8 1 Mbyte
TBD | 32 512Kx8 2 Mbyte
TBD | 32 1Mx8 4 Mbyte

3.5.2 The SYSTEM EPROM

The SYS68K/CPU-30 board contains in addition to
the four user EPROMSs 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
SYS68K/CPU-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. N
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 I/0 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 VMEDbus by first collect-
ing the data from the VMEDbus, 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.

Area1l Area2 |CPU operation |Note
VMEbus ¢—» VMEbus 100% -
VMEbus ¢——# DPR 40— 50% 1
VMEbus ¢—» SCSI 100% -
VMEbus 4—» FDC 100% -
DPR ¢—» SCSI 60— 80% 2
DPR ¢+—» FDC 90% -

Note 1: CPU operation depends on the transfer
speed of the addressed VMEbus board.

Note2: 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/0 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.

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.

| HEPAee

Transfer Count Register.

3.7 The Local I/0 Devices

The SYS68K/CPU-30 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/0 controllers, control
and status registers, SCSI and the floppy disk con-
troller are connected to this local I/0 interface.
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3.7.1. The Serial I/O 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, FMO0, 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 loopback

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
bCD

The I/0 signal assignment of each of the four chan-
nels is listed in the following table:

Sig- | In- | Out- |9 Pin DSUB

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 Signal GND
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.

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 Cloc