


























































































































































































































































































































































































3. MICROPROCESSOR INTERFACE 

3.1. INTRODUCTION 

The TS68483 is directly compatible with any popu­
lar 8 or 16-bit host microprocessor; either Motoro­
la type (6809, 68008, 68000) or Intel type (8088, 
8086). 

The host microprocessor has direct access to any 
of the twenty four 16-bit on-chip registers through 
the microprocessor interface pins : 
_ 0(0:15) : 16 bidirectional data pins. 
- �~�:�Z�L� 8 a<!Qress inputs 
_ AE, OS, RI W, CS : 4 control inputs. 

The twenty four registers are mapped in the host ad­
dressing space as 256 byte addresses. (see figure 
3.2) 

Figure 3.1.: MPU Selection. 

Conf. Reg. 
Type of MPU Bus 

BW MB 

16·blt (68000) 0 0 
Non Mux 

8-blt (68008) 1 0 

AE 

1 

1 

16-bit (8086) 0 1 ALE 
Mux 

8-bit (8088) 1 1 ALE 

Figure 3.2. : On-Chip Address and Byte Packing. 

T568483 

_ A(l :5) select one out of 24 registers. 
_ AO selects the low order by1e (AO ; 1) or the high 

order byte (AO = 0) of the selected register. 
_ A(6 :7) provide the command execution condition. 

The host microprocessor bus may be either 8 or 16-
bits wide and may be address/data multiplexed or 
not. 

The two flags MB and BW in the CONFIGURATION 
register R 10 allow the data bus size and multi­
plexed/non-mutiplexed organization to be specified. 
(see figure 3.1). 

TS68483 Pins 

OS R/W AO A (1 : 7) 0(8: 15) 

UDS -
D (8: or LDS RfW 0 A (1 : 7) 15) 

DS RfW AO A (1: 7) D(O : 7) 

RD WR 0 AD (1 : 7) AD (8: 15) 

RD WR ADO AD (1: 7) AD (0 : 7) 

I A7 I A6 I AS I A_I A3 I �A�~� I A' I AD I 
�'�-�v�-�-�-�'�~� L I I L-�_�~� h,gh/low h,'e add,,,, 

- Jar: 16 bl1 1r.g'StfH addrP.ss 

'-------_____ .. _ FxecullCln cond,tlon 

I" 1,_1,31 �,�~� I" 1,0 I I 8 I 1 I 6 I ' I · I 3 I 7 I, 0 IsVl. add'."'''" 

�'�~�-�-�-�-�-�-�-�-�~�v�r�-�-�-�-�-�-�-�-�~�/�~�~�-�-�-�-�-�-�-�-�~�v�r�-�-�-�-�-�-�~�/� 

AO - 0 AO -- 1 
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3.2. HARDWARE RECOMMENDATIONS (see ti­
ming diagrams 1 and 2). 

AO-PIN: 
1. When using a 16-bit data bus. the AO input pin 
must be grounded. No single byte access can be 
performed. 
2. In order to conform with the high bytellow byte 
on-Chip packing. the AO input pin must be inverted 
when using an 8-bit bus Intel type microprocessor 
(8088 for example). 
A(l :7). 0(0:7). D{8:15) pins: 
1. With any 8-bit data bus, the D{0:7) and D{8:15) 
pins must be paired in order to demultiplex the low 
order data bytes and the high order data bytes. 
2. When using address/data multiplexed bus, the 
D(0:7) pins are paired with A(0:7) in order to demUl­
tiplex data from address. 
AE, OS. RI W. CS : 

Figure 3.3. : Command Execution Condition. 

Address 

A7 A6 
Execution Condition 

0 0 no Exec 

0 1 Exec after a Bus Cycle 

1 0 Exec After 2 Bus Cycles 

1 1 Exec after 4 Bus Cycles 

NOles: Word Iransfer must respect word boundary. 
Long word transfer must respect fang word boundary . 
• Not available with 8088 MPU Iype. 

Figure 3.4. : Interface with TS68000/68008 MPU. 

See pin description. 

3.3 SOFTWARE RECOMMENDATIONS 
1. The CONFIGURATION register Rl0 must be first 
initialized. 

The BW 15 flag is interpreted by the bus interface 
to recognize an 8-bitl16-bit data bus. 

The MB and BW 15 flags are used to decide when 
to initiate a command execution. 
2. Each register byte has 4 addresses in the micro­
processor ml~mory map. These 4 addresses differ 
only by A{6:7). This scheme allows a 68008 pro­
grammer to read or write any data type (byte. word, 
long word) and automatically initiate or not a com­
mand execution at the end of this transfer. The 
transfer lasts one. two or four bus cycles. 
A 68000 programmer is restricted to only word and 
long word data types. (see figure 3.3). 

Data Type Transfer 

8-bit Data Bus 16-blt Data Bus 

Any Type Any Type 

1 Byte 1 Word 

1 Word 1 Long Word 

1 Long Word' ILLEGAL 

D{8:15IK!=========~>I 
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O{O:7IK:=========~>I 

. A{1:71l==========::::::>1 TS68000 
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Figure 3.4. : Interface with TS68000/68008 MPU (continued). 

AIO 7) t============!":>1 

TS68008 

. TS68483 

E88TS68483-21 

Figure 3.5. : Interface with 8086/8088 MPU. 

8 

8086 

TS68483 

E88TS68483-22 
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Figure 3.5. : Interface with 8086/8088 MPU (continued). 

8 
IIlf 

cs 

flS flD 

H/W WR 

8088 
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4. THE VIDEO TIMING GENERATOR RAM REFRESH AND DISPLAY PROCESS 

4.1. INTRODUCTION 

The Video Timing Generator is completely synchro­
nous with the ClK input, which provides a pixel shift 
frequency (up to 18 MHz). The Video Timing Gene­
rator: 
_ delivers the blanking signal (BlK), the horizontal 

(HS) and vertical (VS) synchronization signals on 
respective output pins, 

_ schedules the memory time allocated to the dis­
play process, dynamic RAM refresh and com­
mand execution, 

_ is fully programmable 
_ can be synchronized with an external composite 

video sync signal connected to the SYNC IN in­
put: 

4.2. SCAN PARAMETERS (see table 1 and ti­
ming diagram 5) 

4.2.1. Timing Units. The time unit of any vertical 
parameter is the scan line. 

The time unit of any horizontal parameter is the me­
mory cycle, which is 8 periods of the ClK input si­
gnal. 

22/41 
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These two parameters are internally programmed: 
_ Horizontal sync pulse duration = 7 cycles 
_ Vertical sync pulse duration = 2.5 lines. 

4.2.2 Blanking Interval. The blanking interval 
starts: 
_ at the leading edge of the vertical sync pulse. Ver­

tical blanking interval actual duration is 2.5 lines 
more than the programmed value. 

_ two cycles before the leading edge of the horizon­
tal sync pulse. The actual horizontal blanking in­
terval duration is 3 cycles more than the program­
med value. 

Note: During the programmed blanking interval, the 
video output pins P(0:3) are forced low. 

4.2.3. Porch and Margin Color. During the porch 
interval, the programmable margin color is dis­
played on the P(0:3) outputs. 

The display process may be disabled by setting 
DPD flag. This will be interpreted as a porch exten­
sion. 
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4.2.4. Memory Time Sharing (see figure 4.1). The 
Video Timing Generator allocates memory cycles to 
either the display process, RAM refresh or com­
mand execution. In this respect, the scan lines per 
field are split between : 
_ the DWY displayable lines. 

When VRE = 0, Video RAMs are not used. 

The DWY x DWX cycles in the display interval are 
allocated to the display process when it is enabled 
(DPD = 0). When the display process is disabled, 
these cycles are allocated as for non displayable 
lines. 

When VRE = 1 , one cycle per display line is alloca­
ted to the display process. Other cycles are alloca­
ted as for non displayable lines. The last period of 
the BLKX signal may be used to load the internal vi­
deo RAM shift register. 
_ the non displayable lines. In one out of nine non 

displayable lines, DWX cycles are allocated to the 
refresh process when it is enabled (RFD = 0). 

_ In Float cycle, an external X address must be pro­
vided. The Y address is still provided on ADM(0:7) 
and Y(0:2), while ADM(8:15) are in high impe­
dance state. 

4.2.5. Command Access Ratio. This allocation 
scheme leaves about 50 % of the memory band­
width for command access when programming a 
standard TV scan. This ratio drops to the 30 % range 
when a better monitor is in use (32 !JS out of 43 !!s 
displayable per line, 360 lines out of 390 for a 60 Hz 
field rate). The higher resolution means more me­
mory accesses in order to edit a given percentage 
of the screen area. In this case Video RAMs are ve­
ry helpful to keep 90 % of the memory bandwidth 
available for command access. 

4.3. DISPLAY PROCESS 

The Video Timing Generator allocates memory cy­
cles to the Display Processor in order to read the 
Display Viewport from memory. The Display View­
port upper left corner address is programmable 
through DIB, YOR and XOR. The display viewport 
dimensions are related to the display interval of 
DWY lines by DWX cycles per field. 

4.3.1. Y Addresses. When INE = 0, the fields are 
not interlaced. The Y Display Viewport address is 

Table: 4.3.2. 

initialized with YOR at the first displayable line then 
decremented by 1 at each scan line. The Display 
Viewport is thus DWY pel high. 

When INE = 1, the fields are interlaced. The Y Dis­
play Viewport address is initialized as shown in the 
table below. It is then decremented by two at each 
scan line. The viewport is thus 2 x DWY pel high. 

Even Field Odd Field 

Vor Even Vor Vor + 1 

Vor Odd Vor - 1 Vor 

Y Display Viewport address initialization when INE = 1. 

4.3.2. X Addresses and MODX Flags. The X Dis­
play Viewport address is initialized with XOR at the 
first displayable cycle of each displayable line. It is 
then incremented at each subsequent cycle accor­
ding to MODX flags.(see table 4.3.2) 
_ In internal mode, the Display Viewport is 8. DWX 

pel wide. The on-chip video shift register are 
used. 

_ In Dummy read, the memory is read but the on­
chip video shift registers are not loaded, instead 
they retain their margin color. External video shift 
registers are presumed to be loaded by either 8 
pels or 16 pels per cycle according to the pro­
grammed increment value. 

_ In Float cycle, an external X address must be pro­
vided. The Y address is still provided on ADM(0:7) 
and Y(0:2), while ADM(8:15) are in high impe­
dance state. 

Note : See Memory Organization and Memory Ti­
ming for further details on the memory cycles. 

4.3.3. The Video RAM Case (VRE = 1). In this case, 
the last cycle of the horizontal blanking interval is 
systematically allocated to the display process for 
DWY scan lines per field. 

This cycle bears the scan line address, the bank 
number and the X address which is always XOR. 

MODX must be programmed to use external shift 
register (Dummy read). 

4.3.4. PAN and TILT. The host can tilt or pan the 
Display Viewport through the frame buffer by modi­
fying YOR or XOR arguments. Panning is perfor­
med on 8 pel boundaries. 

MODX1 MODXO XINCR Video Shift Register Memory Cycle Type 

0 0 + 1 Internal Read 

0 1 + 1 External Dummy Read 
1 0 +2 External Dummy Read 

1 1 External Float 
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4.4. DYNAMIC RAM REFRESH 

No memory cycles are explicity allocated to the RAM 
refresh when RFD = 1. 

When VRE = 0 and DPD = 0, the Display Process 
is supposed to be able to over-refresh dynamic com­
ponents. This can be done by careful logical to com­
ponent address mapping. During the remaining non 
displayable lines, the Display Viewport address 
continues to be incremented : Y address on each 
line according to INE, X address initialized by XOR 
then incremented according to MODX. This Display 
viewport address is allowed to address the memo­
ry for DWX cycles in only one line out of nine for re­
fresh purposes. 

When VRE = 1 or DPD = 1, any line is processed 
as a non displayable line with respect to the refresh 
process. 

4.5. CONFIGURATION AND EXTERNAL SYN­
CHRONIZATION 

The R10 register holds eight configuration flags. Six 
of these flags are dedicated to the Video Timing Ge­
nerator. 
_ SSP: this flag selects the synchronization output 

pin configuration: 

Table 1. 

Name Number Mininmum Register 
of Bits Values 

TS68483 

_ NPC, NHVS, NBlK : these three flags invert the 
PC/HS, HVS/vS and BlK outputs respectively. 
(Ex. : When NBlK = 1 blanking is active high). 

The SYNC IN input pin provides an extemal com­
posite synchronization signal input from which a 
Vertical Sync In (VSI) signal is extracted. The SYNC 
IN signal is sampled on-chip at ClK frequency. Its 
rising sampled edge is compared to the leading 
edge of HS. A PC comparison signal is externally 
available (see SSP and NPC flags). 

VSIE : this flag enables VSI to reset the internal line 
count. 

HSIE : this flag enables the rising edge of SYNC IN 
to act directly on the Video Timing Generator. When 
the leading edge of HS does not match at 1 clock 
period a rising edge of SYNC IN, one extended cy­
cle is performed (nine clock periods instead of 
eight). 

Flag 
Output Pins 

PC/HS HVSIVS 

SSP = 1 HS VS 

SSP =0 PC HVS 

Description Function 

DWY 10 1 R9 Number of Display lines per Field 

INE 1 R8 Interlace Enable when INE = 1 

BKY 5 1 R8 Number of Lines in Vertical Blanking - 2.5 Vertical Scan 

FPY 5 1 R7 Number of Lines in Vertical Front Porch 

BPY 8 3 R6 Number of Lines in Vertical Back Porch + 2.5 

H 6 19 R6 Number of Double Cycles per Line 

FPX 4 3 R8 Number of Cycles in Horizontal Front Porch Horizontal 

BKX 4 4 R8 Number of Cycles in Horizontal Blanking - 3 Scan 

DWX 7 3 R7 Number of Cycles of the Display Window 

XOR 8 R4 X, Y, and bank logical address in the display 

YOR 11 R5 memory of the display viewport upper left 
corner Display 

DIB 2 R4 Process 
MODX 2 R9 Selection of the X Addressing Mode 

MC 4 R4 Margin Color 

RFD 1 R7 RAM Refresh Disable when RFD = 1 

DPD 1 R7 Display Process Disable when DPD = 1 
Memory Time 

Sharing 
VRE 1 R8 Video RAM Enable When VRE = 1 

Note: one cycle = 8 periods of ClK Clock. 
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5. MEMORY ORGANIZATION 

5.1. INTRODUCTION 

The display memory is logically organized as four 
banks of 4-bit planes. Thus a bit address in the dis­
play memory is given by the quadruplet: 
_ B = bank number, from 0 to 3 
_ Z = plane number, from 0 to 3 
_ X = bit address into the plane, from 0 to 2047 
_ Y = bit address into the plane, from 0 to 2047. 

In one memory cycle (8 ClK periods), the control­
ler can access a memory word. This 32-bit memo­
ry word holds one byte from each plane in a given 
bank. In order to address this memory word, the 
controller supplies: 
_ B(0:1) : binary value of the bank number 
_ X(3:1 0) : binary value of the word address 
_ Y(0:1 0) : binary value of the word address. 

Z and X(0:2) are not supplied. They give only a bit 
address in a memory word. 

5.2. MEMORY CYCLES 

24 pins are dedicated to the memory interface. 
_ ADM(0:15) : these 16 bidirectional pins are mUl­

tiplexed three times during a memory cycle (see 
Timing Diagram 3) : 

TA : address period. Output of the X(3:11) and 
Y(3:11) address 

TO : even data period. The even Z bytes are either 
input or output. 

T1 : odd data period. The odd Z bytes are either in­
put or output. 
_ Y(0:2) : three lSB Y address output pins (non­

multiplexed) 
_ B(0:1) : two bank address output pins (non-mul­

tiplexed) 
_ CYS : Cycle start strobe output (non-multiplexed). 

CYS is at ClK/8 frequency. A CYS pulse is delive­
red only when a command, display or refresh cycle 
is performed. 
_ CYF(0:1) : Two cycle status outputs (non-multi-

plexed). Four cycle types are defined: 

Command read 

Command write 

RAM refresh 

Display access. 

Because several options may be selected for RAM 
refresh and display access by the MODX and VRE 
flags (see Video Timing Section), there are more 
than four memory cycle types (see Timing Dia­
gram 3 and table 2). 
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5.3. DISPLAY MEMORY DESING OVERVIEW 

The display memory implementation is application 
dependant. The basic parameters are: 
_ the number of pixels to be displayed Nx.Ny 
_ the number of bits per pel 
_ the vertical scanning frequency, which must be 

picked in the 40 Hz to 80 Hz range (non interla­
ced) or in the 60 Hz to 80 Hz range (interlaced). 

This yields a rough estimate of the pixel frequency. 
When the pixel frequency is in the 15 to 18 MHz 
range and 4 bits per pixel or least are required, the 
on-chip video registers and standard dynamic RAM 
components may be used. When higher pixel rates 
or up to 8 bits per pixel are required, the designer 
must provide external shift registers. Video RAM 
components may also be considered. 

In either case, the user must design: 
_ A memory block. This is the hardware memory 

building block. It includes the video shift registers 
if on-chip VSR cannot be used. It implies a RAM 
component choice. 

_ An Address Mapper, which maps the logical ad­
dress into hardware address : block selection, 
Row Address (RAD), Column Address (CAD). 

_ A memory cycle controller. This controller moni­
tors the CYF and CYS output pins from TS68483 
and block address from the Mapper. It provides: 

• The ClK signal to the TS68483 and a shift clock 
SClK when external video shift registers are 
used 

• RAS, CAS, OE, RI W signals to the memory 
blocks 

• RAD and CAD Enable signals to the Mapper. 

5.3.1. Frame Buffer (see figure 5.1.). A byte wide 
organization of each bit plane is required. Obvious­
ly a bit plane must contain the Display Viewport size. 
A straight organization implements only one bit 
plane per block. 

It may be cost effective to implement several bit 
planes per block. Two basic schemes may be used: 
_ One block, one Z : several bit planes, belonging 

to different banks, but addressed by the same Z, 
share a given block. There is little time constraint 
if any. 

_ One block, two Z : two bit planes, belonging to the 
same bank share a given block. In this case, this 
block must be accessed twice during a memory 
cycle. This can be solved by two successive page 
mode accesses. 

5.3.2. Masking Planes. Masking planes are very 
useful for general purpose area filling or clipping. It 
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ONE BLOCK-ONE Z 
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Figure 5.1. : Frame Buffer Organization. 

Typical Block Size 

One Block-one Bit Planes 

One Block-two Bit Planes 

COMPONENTS: 
64K BITS: 16K x 4 or 64K x 1 
256K BITS: 32K x 8. 64K x 4. 256K x 1 
VIDEO RAM: 64K x 1. 64K x 4 

Table 2 : Memory Cycle Types. 

Output Pins 

CYF1 CYFO 
Function 

1 0 Command Read 

1 1 Command Write 

0 1 Display 

0 0 Refresh 

Refresh: dummy read cycle IS performed. 

16 k x 8 

512 x 256 

256 x 256 

Modx 
Flags 
1 0 

0 0 
0 1 

1 0 
1 1 

X'D 21 

Figure 5.2. : The Multiplexing Scheme. 

HIGHER BYTES 

ADMS Multiplexed Pins 15 I 14 

TA : Address Period 10 

TO : Even Z Byte Period 7 

Tl : Odd Z Byte Period 7 

LOWER BYTES 

ADMS Multiplexed Pins 7 I 6 

TA : Address Period 10 

TO : Even Z Byte Period 7 

T1 : Odd Z Byte Period 7 
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32 k x 8 64 k x 8 256 k x 8 

512 x 512 1024x512 2048 x 1024 

512 x 256 512 x 512 

Multiplexed ADM 

TA TO T1 
Cycle Type 

V,X ZO,Z2 ZI,Z3 Read 

V,X ZO,Z2 Zl,Z3 Write 

V,X ZO,Z2 Z1,Z3 Read 
V,X Dummy Read + 1 

V,X Dummy Read + 2 
V,Hi-Z Float X 

A MFMOAY WORO 

/ 

E88TS68483-27 
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X 3 

Z = 2 0 

Z =3 0 
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V 3 

Z =0 0 

Z = 1 0 



may be practical to use one or two planes smaller 
than the color bit plane if they cyclically cover a 
frame buffer. 

The masking planes must be in bank 3. 

5.3.3. Objects and Characters. Objects may be lo­
cated in unused parts of the frame buffer. 

Character generators can be implemented in any 
plane of any bank. They can also be implemented 
in ROM. In this case, plane Z = 1 or 3 offer relaxed 
access time requirements. 

TS68483 

5.4. EXAMPLES 

Figure 5.3. gives the schematic for a 512 x 384 non 
interlaced application. A ClK signal in the 15 to 18 
MHz range should produce a 50 to 60 Hz refresh 
rate. The on-chip video shift registers may be used 
if no more than four bits per pixel are required. One 
64 K x 8 memory block may be implemented using 
either eight 64 K x 1 or two 64 K x 4 components. 
One memory block holds two 512 x 384 color bit 
planes. 

Figure 5.3. : Memory Organization for 512 x 384 Application. 

ADM(S 151 BIO 1) Y(O 2} AOMIO l) 
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I I 
I I 
I x I LATCH II 
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ALlSlL ::L MUX I : CYCLE CONTROLLER L ___ ____ J 

-.::... 
1 . ~ 

OATA DATA 
Zl/Z3 8 lOil7 

64K x 8 Ie-"==: ===='" 64K x 8 
MEMORY 
ADDRESS 
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CAS 1 
DE 

WE 
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6. TIMING DIAGRAM 

6.1. MICROPROCESSOR INTERFACE 

TS68483 has an eight bit address bus and a sixteen 
bit data bus. Little external logic is needed to adapt 
bus control signals from most of the common multi­
plexed or non-multiplexed bus microprocessors. 

MicrQQl:ocessor J!)terface timing : A(0:7), 0(0:15), 
AE, OS, CS, R! W 

UNMUX MODE 

Id. 
Numb. 

Parameter 

1 Address Set up Time from CS 

2 Data Strobe Width (high) 

3 AS Set up Time from CS 

4 Data Strobe Width-low (read cycle) 

5 Address Hold Time from DS 

6 Data Access time from CS (read cycle) 

Vee = 5.0 V ± 5 %, TA = TL to TH, CL = 100 pF on 
0(0:15) 

Reference levels: VIL = 0.8 V and VIH = 2 V on all 
inputs 

VOL = 0.4 V and VOH = 2.4 V on all outputs 

Min. Max. Unit 

0 ns 

65 ns 

0 ns 

160 ns 

0 ns 

130 ns 

7 DS Inactive to High Impedance State (read cycle) 10 80 ns 

8 R/W Set up Time from DS 20 ns 

9 DS Width-low (write cycle) 80 ns 

10 CS Set up Time from DS Active (write Cycle) 0 ns 

11 Data in Set up Time from DS active (write cycle) 10 ns 

12 Data in Hold Time from DS Inactive (write cycle) 15 ns 

30141 
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UNMUX MODE 

READ CYCLE 

AID I) 

AS IMPU) 

eli ------~f-...... 

us 

R(VII ------I 

DATA OUT 
01015) 

AIDI) ---(I 

AS IMPU) 

~-+--CD------~ 

WRITE CYCLE 

E -------------_ 

os '~------,CD------~~~--~ 

R~ ---------~ 

DATA IN 
01015) 

---- --- -- -------

TS68483 

E88TS68483-30 

E88TS68483-31 

31/41 

201 



TS68483 

MUX MODE 
Microprocessor Interface Timing: A (0: 7), 0 (0: 15), AE, OS, CS, RiW 
Vee = 5.0 V ± 5 %, T A = T l to T H, Cl = 100 pF on 0 (0 : 15) 
Reference levels: V1l = 0.8 V and V1H = 2 V on All Inputs 

Val = 0.4 V and VOH = 2.4 V on All Outputs 

Id. 
Numb. 

Parameter 

1 AE Width High 

2 Address Set up Time to AE Inactive 

3 Address and CS Hold Time to AE Inactive 

4 CS Set up Time to AE Inactive 

5 DS and RfW High 

6 DS Width-low (read) 

7 R/W Width-low (write) 

8 Data Access Time From DS (read) 

9 Data in Set up time from R/W Inactive (write) 

10 DS Inactive to High Impedance State (read) 

11 Data in Hold Time from RfW Inactive (write) 

12 AE Inactive to DS Active 

13 AE Inactive to R/W Active 

14 DS Inactive to AE Active 

15 RfW Inactive to AE Active 

16 R/W Inactive to Next Address Valid 

17 DS Inactive to Next Address Active 

18 Data in Set up Time from RfW Active (fast write cycle) 

6.2. MEMORY INTERFACE 
ADM (0 : 15), B (0: 1), CYF (0: 1), Y (0: 2), CYS 
Vec = 5.0 V±5%, TA = Tl to TH 
ClK Duty Cycle = 50 %, Period T 
Reference levels: V1l = 0.8 V and V1H = 2 V, Val = 0.4 V and VOH = 2.4 V 

Indent TS68483·15 
Number Parameter 

Min. Max. 

1 TClK Clock Period 66 166 

2 Memory Cycle Time (T = 8 X TClK) 

3 Output Delay Time from ClK 40 

4 Output Data HI-Z Time from ClK 40 

5 Output Hold Time from ClK 10 

6 Input Data Hold Time from ClK (read cycle) 10 

7 Input Data Set up Time from ClK (read cycle) 20 

8 Input Data HI-Z Time from ClK TClK 

Note: All timing is referenced to the rising edge of elK (see timing diagram 3). 
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Min. Max. Unit 

90 ns 

55 ns 

55 ns 

40 ns 

150 ns 

240 ns 

110 ns 

210 ns 

150 ns 

10 100 ns 

30 ns 

20 ns 

20 ns 

10 ns 

10 ns 

100 ns 

100 ns 

10 ns 

TS68483·18 

Min. Max. 
Unit 

55 166 ns 

ns 

35 ns 

35 ns 

10 ns 

6 ns 

10 ns 

TClK ns 



MUX MODE 

READ CYCLE 

AE 

cs 

6s 

CD 

RtW @ 

AID 

WRITE CYCLE 

AE ____ oJ 

~ -------~ 

os 

A/W -+---------+----~ 
11.14---

AiD -------< 

FAST WRITE 

~ SGS·1HOMSON At.., I !il,j]D©IRI@~~IWii'IiI©IllD©® 

TS68483 

E88TS68483-32 

E88TS68483-33 
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TS68483 

6.3. VIDEO INTERFACE 

PO, P1, P2, P3, BlK, HVS/vS, PC/HS 

Vee = 5.0 V ± 5 %, TA = TL to TH, ClK duty cycle = 50 % 

Reference levels: VIL = 0.8 V and VIH = 2 V, VOL = 0.4 V and VOH = 2.4 V, CL = 50 pF 

TIMING DIAGRAM 4. 

14------8----~ 

/14--- (2) - ___ -t\ 
ClK 

PI031 __ -+ _______ "'" 
BLK 
HVS/VS 

PC/HS 

..---0)----.t 

Indent 
Number Parameter 

1 TClK : ClK Period 

2 elK High Pulse Width 

3 Output Delay from ClK Rising Edge 

4 ClK low Pulse Width 

5 Output Hold Time 

0-~1 

TS68483·15 

Min. Max. 

66 166 

28 

40 

28 

10 

E88TS68483·35 

TS68483·18 

Min. Max. 
Unit 

55 166 ns 

23 ns 

30 ns 

23 ns 

10 ns 
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TS68483 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vcc ' Supply Voltage - 0.3 to 7.0 V 

Vin , Input Voltage - 0.3 to 7.0 V 

TA Operating Temperature Range T L to T H °c 
o to 70 

Tslg Storage Temperature Range - 55 to 150 °c 
PDm Max Power Dissipation 1.5 W 

, With respect to Vss. 
Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and functional ope­
ration of the device at these or any conditions beyond those indicated in the operational sections of this specifications is not implied. 
Exposure to maximum rating conditions for extended periods may affect device reliability. Standard MOS circuits handling procedure 
should be used to avoid possible damage to the device. 

ELECTRICAL CHARACTERISTICS 
(Vee = 5.0 V ± 5 %, V S5 = 0, T A = T L to T H) (unless otherwise specified) 

Symbol Parameter Min, Typ. Max. Unit 

Vcc Supply Voltage 4.75 5 5.25 V 

VIL Input Low Voltage - 0.3 0.8 V 

VIH Input High Voltage 2 Vec V 

lin Input Leakage Current 10 IlA 

VOH Output High Voltage (lioad = - 500 IlA) 2.4 V 

VOL Output Low Voltage V 
Iload = 4 mA ; ADM (0 : 15) 0.4 
Iload = 1 mA ; other Outputs 

PD Power Dissipation 700 mW 

Gin Input Capacitance 15 pF 

ITSI Three State (off state) Input Current 10 !lA 
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SECTION 7 

7.1. REGISTER MAP AND COMMAND TABLE 

~ 
z 
~ 
w 
u 
no 
.J 
o 
<f> 
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RO 

R1 

R2 

R3 

15 14 13 

sx 

12 11 10 9 8 

COMMAND 

Sy 

TEXLIN 

E88TS68483·37 

7 6 5 4 2 o 

MODE 

Odd bank Even bank 

Odd bank Even bank 

Don't care 
Used or not. accordmg to the command 



I\) 
o 
<.0 

~ 
11:cn 
ifin 
~C(» 
~;! 
!il0 ,.:!I @cn 
~O 
~Z 

w 

~ 

L 
I 
N 
E 
A 

D R 
R 
A 
W A 
I R 
N E 
G A 
S 

C 
E 
L 
L 

ACCESS 

CURSOR 

CONTROL 

DMU= 1 
SP= 1 
SRU = 1 
PEN = 0 
PEN = 1 

BEG= 1 

INC= 0 
INC~ 1 

REP = 1 

SMU= 1 
DWN=l 
LEF= 1 

7.2. COMMAND TABLE 

CODE 
TYPE MNEM 

765 4 

DOT LINE DLI 000 0 

PEN LINE PLI 000 POL 

DOT ARC DAR o 0 1 0 

PEN ARC PAR o 0 1 POL 

RECTANGLE REC 1 1 1 1 

TRAPEZIUM TRA 0 1 0 1 

POLYGON FLL 0 1 0 0 

POLYARC FLA 0 1 1 0 

PRINT CHARACTER PCA 1 o 1 1 

PVS 1 o O'SMU 
PRINT OBJECT 

PVF 1 

LOAD VIEWPORT LDV 1 

SAVE VIEWPORT SAV 1 

MODIFY VIEWPORT RMV 1 

UP-DOWN MOVE UDM 1 

LEFT -RIGHT MOVE LRM 1 

DIAGONAL MOVE COM 1 

NO OPERATION NOP 1 

ABORT BRT 1 

Destination mask use 
Short pel: long pel when SP=O 

. Short relative register use (A13). 
: The pen IS a single pel 

o 1 0 

1 1 0 

1 1 0 

1 1 0 

1 0 0 

1 0 1 

1 0 1 

1 0 0 

'1'1 1 

PARAMETERS 

3 2 1 0 

0 DMU SP SRU 

PEN DMU SP SRU 

0 DMU SP SRU 

PEN DMU SP SRU 

0 DMU SP SRU 

0 DMU SP SRU 

BEG DMU SP SRU 

BEG DMU SP SRU 

REP DMU SP SRU 

REP DMU 1 SRU 

REP DMU 1 SRU 

XFT 0 0 INC 

XFT 0 1 INC 

XFT 1 0 INC 

0 1 OWN SRU 

LEF 0 0 SRU 

LEF 1 OWN SRU 

0 0 0 0 

1 1 1 I 1 

POL=O. the pen IS the character cell addressed by the source pOinter 
POL = 1· the pen is the oblect associated with a source mask addressed 
by the source pOinter 
Initiate a polygon or polyarc filling 

RO 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

This parameter should be reset only when the second draWing IS not Identical 
to the first one (Ex: first polygon. then polyarc) 
The source pOinter is not autO-Incremented 
XFT= 1: the source pOinter is auto-incremented. X direction first 

Rl 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

XFT = O· The source pOinter is auto-incremented or auto-decremented. Y direction first 
The cell IS stepped and repeated through the destination Window 
When REP=O. only one cell IS pnnted 
The source mask IS used 
The cursor IS moved down (up If DWN=O). 
The cursor is moved left (fight If LEF=O) 

ARGUMENTS POINTERS END COMMAND EXECUTION TIME 

R2 R3 

X X 

X X 

X X 

X X 

X 

X 

X 

X 

X 

, 

R13 Rla R1S R14 R15 R1B R17 R20 R21 R22 R23 CURSOR POSITION INIT LOOP Per 

X X X X X Xd+DXd Yd+DYd 5T 4T DOT 

X X X X X X X X X Xd+DXd Yd+DYd 5T CEll+4T CELL 

X X X X X X X XF YF 15T lOT DOT 

X X X X X X X X X X X XF YF 15T CEll+IOT CELL 

X X X X X Xd Yd+DYd lOT 4T 

X X X X X X Xd+DXd Yd+DYd lOT AREA 

X X X X Xd+DXd Yd+DYd lOT 4T MEMORY 
X WORD (NOTE 11 
X X X X X X X XF YF 15T 

X X X X X X X X X Xd+DXd Yd I 

X X X X X X X X X Xd+DXd Yd 
4T I 6T 

MEMORY 
WORD 

X X X X X X X X X Xd+DXd Yd 

X X X X X X X X Xs , Ys 2T 5T 

X X X X 2T 4T 
MEMORY, 

X X X , X Xs Ys WORD I 
X X X X X X X X , Xs' , Ys 2T lOT I 

X X X X Xd Yd+DYd 3T 

X X X X , Xd+DXd Yd 3T 

X X X X X i Xd+DXd Yd+DYd 4T 

TT 

I 
I I I TTl I 

NOTE' With PVF command. any pel with color different trom 0 has Its source mask Implicitly set and 
used In other words. pels with color value 0 are transparent 
- OXd. DYd. and DYs are signed values 
- DXs IS always pOSItive 
- T = memory cycle:::: 8 elK clock periods. 
- For execution time. add to the short pel loop In the table: 
- 1T 'f DMU=l 
- 1T ,f SMU=l 
. 2T If long pen are used 

2T If mask printing IS required 
Command execution IS performed only out of the display periods 
NOTE 1 for FlL and FLA commands. add 4T and 8T respectively per pel belonging to the boundary. 

-I en 
en 
CO 
.j:>. 
CO 
(,) 



TS68483 

8. ORDERING INFORMATION AND MECHANICAL DATA 

8.1. ORDERING INFORMATION 

Part Number Temperature Range 

TS68483CP15 o DC to + 70 DC 
TS68483CP18 

TS68483CFN15 o DC to + 70 DC 
TS68483CFN18 

8.2 PACKAGE MECHANICAL DATA 

68 PINS - PLASTIC LEADED CHIP CARRIER 

60 

-Qm~~ .. 
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Package 

DIP 64 

PLCC 68 

0.812 -

0331 

68,'Jutputs 

"el\lon~ AI a , 

Clock 

15 MHz 
18 MHz 

15 MHz 
18 MHz 



64 PINS - PLASTIC DIP 

Datum 

2,54 
4,19 

0,38 0,76 
0,53 1,40 

81.28 

33 

32 

i 
~II-----'-"---""'''''-i''''''' 

22.479 
22 .987 

TS68483 
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EF9369 

HMOS2 - SINGLE CHIP COLOR PALETTE 

• ON CHIP COLOR LOOK-UP TABLE 
• 4096 COLOR PALETTE (16 colors selected from 

4096) 
• ON-CHIP THREE 4-BIT RESOLUTION VIDEO 

DACs WITH Y LAW CORRECTION 
• DOT RATE UP to 30 MEGADOTS PER SE­

COND 
• MARKING BIT FOR INLAY PURPOSE 
• VERSATILE MICROPROCESSOR 

INTERFACE: 
_ DIRECTLY COMPATIBLE WITH AD­

DRESS/DATA MULTIPLEXED 8-BIT 
MICROPROCESSOR BUS SUCH AS 6801, 
8051 ... 

_ DIRECTLY COMPATIBLE WITH NON-MUL­
TIPLEXED 8 OR 16-BIT MICROPROCES­
SOR BUS (6809, 6502, 68008 ... ). 

• SINGLE 5 V SUPPLY 
• HMOS 2 TECHNOLOGY 

DESCRIPTION 
The EF9369 single chip palette provides a low cost, 
yet remarkable enhancement for any low to mid­
range color graphics application. It allows displaying 
up to 16 different colors, each of these colors being 

PIN CONNECTIONS 

Vss 
Vooe 

AD' 

November 1988 

DIP28 

E88·EF9369·01 

HP 

PJ 

P2 

P' 

PO 

BLK 

AS 

RM 
os 
cso 
a 
AD7 

Ace 
A05 

P 
DIP28 

(Plastic Package) 

FN 
PLCC28 

(Plastic leaded chip carrier) 

(see the ordering information at the end of the datasheet) 

freely selected out of 4096 preset values. EF9369 
contains a 16 register color look-up table, three 4-
bit D/A converters and a microprocessor interface 
for color loading. 

PLCC28 

u 

i 
0 

gj ... 0 0 
~ '" 0 <II > > :I: ... .. M ... - 1'1 ~ 1II ... 

0 PI 

PO 

BLK 

AS 

21 RM 

RESET 05 

cso 
!! ~ ~ !!! !!! :: !! 
... ... ~ "' 8 ~ rJ 0 0 0 0 
c c c c « « 

E88-EF9369·02 
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EF9369 

TYPICAL APPLICATION 

IMICROf'ROCESliOR J 

~ DIGITAL ANALOG 

VIDEO VIDEO 

EJ 
R 

CRT DOT CLOCK EF9369 G 
COLOR 

CONTROLLER PALETTE BLANKING B 

SYNC t 
E88-EF9369-03 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee . Supply Voltage - 0.3 to 7.0 V 

Vin* Input Voltage - 0.3 to 7.0 V 

TA Operating Temperature Range o to 70 °C 

TOl9 Storage Temperature Range -55t0150 OC 

PO m Max Power Dissipation 0.45 W 

Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and functional ope­
ration of the device at these or any conditions beyond those indicated in the operational sections of this specification is not implied. 
Exposure to maximum rating conditions for extended periods may affect device reliability. Standard MOS circuits handing procedure 
should be used to avoid possible damage to the device. 

• With respect to V ss. 

ELECTRICAL OPERATING CHARACTERISTICS 0/cc = 5.0 ± 5 %, Vss = 0, TA = 0 to 70°C) 

Symbol Parameter Min. Typ. Max. Unit 

Vec Supply Voltage 4.75 5 5.25 V 

Vooe Analog Supply Voltage - Vee TSD V 

loDe Analog Supply Current - 20 - mA 

VIL Input Low Voltage -0.3 - 0.8 V 

VIH Input High Voltage RESET 3 - Vce V 
All Other Inputs 2 - Vee 

lin Input Leakage Current - - 20 ~ 

VOH Output High Voltage (iload = - 500 I1A) 2.4 - - V 

VOL Output Low Voltage (iload = 1.6 mA) - - 0.4 V 

Po Power Dissipation - 250 - mW 

Cin Input Capacitance - - 15 pF 

IrSI Three State (off state) Input Current - - 10 ~ 

2/15 
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Test Load for Digital Output 

Tel1 
potnt 

C 

RL 

R 

AD (0 :7) 

100 pF 

1 kO 

4,7 kO 

Test Load for Analog Output 

M 

50 pF 

3,3 kO 

4,7 kO 

MICROPROCESSOR INTERFACE TIMING AD (0 : 7), AS, DS, RiW, CS, CSO 
V cc = 5,0 ± 5 %, T A = 0 'C to + 70 DC, CL = 100 pF on AD (0 : 7) 

EF9369 

TTL inputs are 0 to 3 volts, with input riselfall time ~ 3 ns, measured between 10 % and 90 % points, 
Timing reference at 50 % for inputs and outputs, 

Indent. Symbol Parameter Min. Typ. Max. Unit 
Number 

1 tCYC Cycle Time 400 - - ns 

1b tpEWX OS Pulse Width High Time 200 - - ns 

1c tPEWL OS Pulse Width Low Time (timing 3) 100 - 10000 ns 

2 tASO DS Low to AS High (timing 1) 30 - - ns 
OS High or R/w high to AS high (timing 2) 

3 tASEO AS Low to DS High (timiQ.g 1) 30 - - ns 
AS Low to OS Low or R/W Low (timing 2) 

4 tpwEH Write Pulse Width 200 - - ns 

5 tPAWSH AS Pulse Width 100 - - ns 

6 tRWS R/W to OS Setup Time (timing 1) 100 - - ns 

6b R/W, AS, CS, CSO to OS Setup Time 100 - - ns 
(timing 3) 

7 tRwH R/W to OS Hold Time (timing 1) 10 - - ns 

8 tASL Address and CS, CSO Set Up Time 20 - - ns 

9 tAHL Address and CS, CSO Hold Time 20 - - ns 

10 tosw Data Setup Time (write cycle) 100 - - ns 

11 tOHW Data Hold Time (write cycle) 10 - - ns 

12 tOOR Data Access Time from OS (read cycle) - - 150 ns 

13 tOHR OS Inactive to High Impedance State Time 10 - 80 ns 
(read cycle) 

14 tACC Address to Data Valid Access Time - - 300 ns 

3/15 
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EF9369 

TIMING DIAGRAM 1 - MULTIPLEXED MODE - MOTOROLA TYPE (SMI = Vss) 

4/15 
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os 

AS 

RIW 

WRITE 

ADID:7 

--', .. 
1\ 

CYCLE 

I 

YCLl READe 

AOIO:7I 

1-1-0 

/ 

0 -- I 

(i) :\ 
• 

} 
,...-
~~< ) '--r-LI 

0 .....-1-- --0 
I 

ADDjEj» Xj 
(i) d -<!J 

'\ 
ADDRESS 

CD 
f-@ r\ ~ 'Pwl:x ® 

V .. ~0 
K 

® .. -@ 

(XI) INPUT DATA 

.... r-® ® 
OIJl1>UT \ 

® 
DATA I 
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TIMING DIAGRAM 2 - MULTIPLEXED MODE - INTEL TYPE (8MI = Vss) 

READ CYCLE 

iW (Pin OSI 
-L~~.L.LLI.J 

WR IPm R/WI 

ADIO:71------------{1 ADDRESS 

WRITE CYCLE 

ALE IPi_n_A.;.:SI ______ --:~.JJ 

Q) 

RO IPin 051 

cs 
COO 

'ASD 

ADIO:71------------< 

® 
'DDR 

® 
'ACC 

'PWEH 

'osw 

Din 

EF9369 

E88-EF9369-07 

E88-EF9369-08 
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EF9369 

TIMING DIAGRAM 3 - NON-MULTIPLEXED MODE (SMI = Vee) 

WRITE CYCLE 
ADIO,7) 

READ CYCLE 
ADIO,7) 

'PWEX 

'DSW 

INPUT DATA 

'DDR 2 

DIGITAL VIDEO SIGNALS - HP, P(O : 3), BLK, M, RESET 
Vee = 5,0 ± 5 %, T A = 0 'C to + 70°C, CL = 50 pF on M, 

E88-EF9369-09 

TTL inputs are 0 to 3 volts, with input rise/fall time :0; 3 ns, measured between 10 % and 90 % points, 
Timing reference at 50 % for inputs and outputs, 

Symbol Parameter 
EF9369 EF9369-30 

Unit 
Min. Max. Min. Max. 

tp HP Clock Period 58 1000 33 1000 ns 

tPEWH HP High Pulse Width 25 - 13 - ns 

tPEWL HP Low Pulse Width 25 - 13 - ns 

tsu BLK and P(O : 3) Set Up Time to HP 5 - 5 - ns 

tHO BLK and P(O : 3) Hold Time from HP 10 - 10 - ns 

tD M Output Delay from HP - 45 - 45 ns 

tPWRL RESET High Pulse Width 400 - 400 - ns 

6/15 
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TIMING DIAGRAM 4 

HP 

BLK 

PO 

P3 

M 

tPWEH 

ANALOG VIDEO OUTPUTS - CA, CB, CC 
Vocc > 5 V, TA = O°C to + 70°C, CL = 20 pF, RL = 100 kQ 

Table 1. 

Binary Input 

Low Level 0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

High Level 1111 

EF9369 

tD 

E88-EF9369-10 

Analog Output (V) 

Min. Typ. Max. 

- 0_8 -
- 1.18 -

- 1.28 -
- 1.36 -
- 1.42 -

- 1.47 -
- 1.52 -
- 1.56 -

- 1.60 -

- 1.63 -

- 1.66 -

- 1.69 -
- 1.72 -

- 1.75 -

- 1.78 -

- 1.80 -
Nole: The internal AID converters deliver on CA, CB and CC outputs 16 levels with y law correction (y = 2.8). The typical transfer cha­

racteristic is given by : 
1 

N - VDDC 
V= (-) 2.8 . -- +O.16VDCC 

15 5 
Where N is the binary input value. 
The typical analog video output impedanoe is 300 Q for EF9369-30 and 400 Q for EF9369. 
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EF9369 

Parameter 

CA, CB, CC Outputs from HP 

TIMING DIAGRAM 5 

HP J 

PIO:31 ~ 
CA,CB. CC 

BLOCK DIAGRAM 

8/15 
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FROM 
MICROPROCESSOR 

DIGITAL 
VIDEO 
INPUTS 

HP 

BlK 

RESET 

/ 

:xxxxx; 
tDA 

ADDRESSICONTROL BUS 

DATA/ADDRESS BUS 

16 

COLOR CA CB 
INDEX 

OECOOER FJELD FIELD 

CA CB 

I 

'!Y;i 
E88-EF9369-11 

SUI 

BUS 
CONTROL Vee 

Vss 

0-
m 

cc " Z 

FIELD it 
a: .. 
::Ii 

'--_-+~U 

~o---_-+. Vooc 

cc 

E88-EF9369-12 



)IN DESCRIPTION 

vllCROPROCESSOR INTERFACE 
!l,1I the input/output pins are TIL compatible. 

Name Pin 
Type 

N° Function 

AD(0:7) 1/0 8·11-14 Multiplexed 
15-17 Address/data Bus 

SMI I 3 Interface Mode 
Select 

AS I 22 Address Strobe 

DS I 20 Data Strobe 

RIW I 21 Read/write 

CS I 18 Chip Select 
CSO 19 

OTHER PINS 

Name Pin 
Type 

N° Function 

Vcc S 9 Power Supply 

Vooc S 2 Analog Power 
Supply 

Vss S 1 Power Supply 

Description 

These 8 bidirectional pins are to be connected to the 
microprocessor system bus. 

When this input is connected to Vcc, the EF9369 is in the non 
multiplexed mode. 
When this input is connected to Vss (ground), the EF9369 is in 
a multiplexed mode to provide a direct interface with either 
Motorola or Intel Type Microprocessor. 

In non-multiplexed mode, this input selects either the address 
register (AS = 1) or the data register (AS = 0) to be accessed. In 
multiplexed mode, the falling edge of this control signal latches 
on the AD(O:ZL!ines, the state of the Data Strobe (DS) and Chip 
Select lines (CS, CSO). When using Intel type microprocessor, 
this input must be connected to the ALE control line. 

In non multiplexed mode, this active high control signal enables 
the AD(0:7) input/output buffers and strobes data to/from the 
EF9369. This signal is usually derived from the processor E 
(02) clock. 
In multiplexed mode, the input is strobed by the falling edge of 
AS. The strobe value selects either Motorola or Intel type. When 
usin.\l..2n Intel type microprocessor, DS must be connected to 
the RD control line. With a Motorola type microprocessor, DS 
must be connected to E(02) clock. 

Thi.§..control signal deter[!!!nes whether the EF9369 is read 
(R/W = 1 ) or written (RIW = 0). When using Intel tYPL 
microprocessor, this input must be connected to the WR control 
line. 

CS must be low and CSO must be high to select the EF9369. In 
non multiplexed mode, the EF9369 remains selected as long as 
the selection condition is met. 
In multiplexed mode, the selection condition is latched when AS 
is low. 

Description 

+5V 

Power supply for the internal DACs. This input can be connected 
to Vcc. 

Ground 
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EF9369 

VIDEO INTERFACE 

Name Pin 
Type 

N° Function Description 

P(0:3) I 24-27 Pixel Inputs These four TTL compatible inputs are strobed by HP into the 
color index register to address the color look-up table. 

HP I 28 Dot Clock The rising edge of this input latches the P(0:3) and BlK inputs 
into the EF9369 and the data out of color look-up table into the 
output registers. 

M 0 7 Marking This output is synchronised by HP and delivers the marking bit 
value from the color look-up table. 

CA 0 5 Color Outputs These three analog high impedance outputs deliver the color 
CB 6 signal levels from the internal DIA converters (DAC). The delay 
CC 4 between CA, CB, CC outputs and the latched value P(0:3) is one 

HP clock period plus tDA (see timing diagram 5). 

BlK I 23 Blanking A high level on this input forces the CA, CB, CC and M outputs 
to low level. 

RESET I 10 Reset This active high input forces the CA, CB, CC, outputs to low 
level until the next microprocessor access to the device. 

FUNCTIONAL DESCRIPTION 
EF9369 contains a 16 register Color-Look Up Table 
(CLUT). Each of these 13-bit register holds three 4-
bit color fields CA (0:3), CB (0:3) and CC (0:3) and 
a marking bit M. 

These registers can be accessed (read or write) by 
the microprocessor through the microprocessor in­
terface. These registers are also read by the video 
process: a 4-bit pixel value and a clock must be pro­
vided at pixel rate to the P (0:3) and HP input pins. 
These signals may be delivered either by 4 video 
shift registers and the shifting clock of a bit map CRT 
controller or by an alphanumeric or semigraphic 
CRT controller. The pixel value, after clock resyn­
chronization, is used as a color index: it selects one 
out of the 16 CLUT registers. Each color field of the 
selected register is converted to an analog signal 
and delivered to one of the CA, CB or CC output. 
The marking bit is directly routed to the M output. 
When the CA, CB and CC outputs are used as RGB 
analog signals, one color out of 4096 is associated 
to each pixel value. In short this process freely maps 
a 16 color index set into a 4096 color set. 

MICROPROCESSOR INTERFACE. 

The 8-bit microprocessor interface gives access 
(read or write) to the CLUT which is addressed as 
a 32 byte table. The 13-bit color register # N (N = 0 
to 15) is accessed at address 2N and 2N + 1 . Even 
address holds CA (0:3) and CB (0:3), odd address 
holds CO (0:3) and M (see fig. 1). 

EF9369 provides two bus modes through the SMI 
programming pin: 

• Multiplexed mode for address/data multiplexed 
8 bit microprocessor bus. 

• Non-multiplexed mode for non-multiplexed 8 or 
16-bit microprocessor bus. 

MULTIPLEXED MODE (SMI connected to Vss). 

In this mode, EF9369 can be directly connected to 
popular address/data multiplexed microproces­
sor, either Motorola type (6801...) or Intel type 
(8048,8051,8088 ... ). In this last case the EF9369 
AS, DS and RIW inputs must be connected res­
pectively to the ALE, RD and WR microprocessor 
control lines. 

In this mode, EF9369 maps into the microprocessor 
addressing space as 32 CLUT byte address. Ran­
dom access to one byte takes one cycle: on the fai­
ling edge of the AS input, EF9369 latches AD (0:7) 
into the on-chip address register, the DS and chip 
select lines into dedicated flip,flops. The strobed 
value of DS allows recognition of Intel or Motorola 
type for further processing. (See pin description sec­
tion and microprocessor timing diagrams for de­
tails). When the EF9369 chip select lines enable se­
lection, the addressed byte is accessed during the 
data phase of the cycle. 

NON MULTIPLEXED MODE (SMI connected to 
Vcc). 
In this mode EF9369 can be directly connected to 
any 8 or 16-bit, non multiplexed, microprocessor bus 
(6800, 6809, 6502, 68008 ... ). 
This mode provides an indirect, auto-incremented 
addressing scheme. EF9369 maps into the micro-

10/15 ~ SGS·THOMSON 
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Figure 1 : Clut Adressing 

Color Look-up Table (CLUT) 
7 6 5 4 3 2 1 0 7 

CB3 CB2 CB1 CBO CA3 CA2 CA1 CAO X 

X X X M CC3 CC2 CC1 CCO X 

CB3 CB2 CB1 CBO CA3 CA2 CA1 CAO X 

X X X M CC3 CC2 CC1 CCO X 

CB3 CB2 CB1 CBO CA3 CA2 CA1 CAO X 

X X X M CC3 CC2 CC1 CCO X 

x ~ Don't Care. 

processor addressing space as 2 byte address on­
ly. AS is used to select one out of 2 registers: 
• the write only address (5 bits) addressed when 

AS = 1. 
• the read/write data register (8 bits) addressed 

when AS = O. 
Random access to a CLUT byte takes two bus cy­
cles: 
1/ Load the CLUT address into the address regis­
ter. 
2/ Access (read or write) the value in the data regis­
ter. 
After each access to the data reg ister, the add ress 
register is automatically incremented modulo 32. 
This scheme allows sequential addressing to the 
CLUT without address reloading, the complete 
CLUT can so be reloaded in 33 bus cycles. 

VIDEO PROCESS. 

The CRT controller sends to EF9369 a pixel value on 
pins P (0:3), a pixel rate clock on HP input and a blan­
king signal on pin BLK. The pixel value is latched in­
to the color index register by the rising edge of HP. 
The color index register selects one register in the 
CLUT. The color fields of the selected register are 
routed to 3 DACs and M is directly routed to the M di­
gital output. 

After impedance matching, the CA, CB, and CC out­
puts can be used to drive a RGB analog color mo­
nitor. Alternatively one of these outputs can be used 
to drive a monochrome monitor thus providing up to 
t 6 grey levels. The marking digital output can be 
used to drive analog video switches, thus providing 
video overlay facility on a color per color basis. 

6 

X 

X 

X 

X 

X 

X 

EF9369 

CLUT Byte Adress Register Index 
5 4 3 2 1 0 # 

X 0 0 0 0 0 0 
X 0 0 0 0 1 

X 0 0 0 1 0 
1 

X 0 0 0 1 1 

X 1 1 1 1 0 
15 

X 1 1 1 1 1 

The blanking input forces the analog outputs and 
the M output to low level thus allowing the beam to 
be switched off during retrace intervals . 
Notes: 1. Each 4 bit-D/A converter is ycorrected in 

order to linearize the luminance driven on 
the screen versus the digital value. The 
typical digital to voltage conversion law is 
given table 1. The output voltages are pro­
portionnal to the analog supply voltage 
Vooc. When required, setting Vocc allows 
a gain adjustment. But in most applica­
tions, Vooc and Voo can be derived from 
the same supply through independent de­
coupling. 

2. CA, CB and CC are high impedance out­
puts (500 Q typical) which require proper 
adaptation in most applications. SGS­
THOMSON TEA5114 provides such a 
1 V - 75 Q low cost adaptation (See fig. 
2). 

3. As the CLUT is shared between micro­
processor access and video access, a 
low level is forced on the CA, CB, CC and 
M outputs during any chip select periods. 
To avoid to spoil the screen with black 
strokes it is recommended to access the 
CLUT from the microprocessor only du­
ring the retrace periods. 

4. RESET - This input forces CA, CB, CC 
and M outputs to a low level until the next 
microprocessor access. At power on or at 
the beginning of a session RESET allows 
to keep a clean black screen proper initia­
lization. 
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EF9369 

NON-MULTIPLEXED BUS INTERFACE 

v CC SMI 

D(O:7) K ) AD(O:15) 

AO 
AS 

MPU EF9369 

"- ADDRESS -
A(O:15) CS 

/ DECODER 

E DS 

R/W 
-

R/W 
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MULTIPLEXED BUS INTERFACE 

v S8 8MI 

PORTC AD(O:7) 

ADDRESS I CSO 
MPU A(8:1S) 

DECODER - EF9369 
CS 

ALE AS 

RD DS 

WR RrW 
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Figure 2 : Typical 1 V - 75 n Video Interface 
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Note: Each digital or analog ground must be separately connected to EF9369 pin 1. 
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EF9369 

ORDERING INFORMATION 

Part Number Temperature 

EF9369P o to 70°C 
EF9369P30 o to 70°C 
EF9369FN o to 70°C 

PACKAGE MECHANICAL DATA 

28 PINS - PLASTIC DIP 

mm 

Datum 

6 

14/15 

228 

Package 

DIP28 
DIP28 

PLCC28 

e.2.54 4.57max. 

14 

~ SGS·1HOMSON a..., Irnii~ICII@~II@IlIJ~lCiII 

16.1 max. 

0.51 min. 

r--"'-""'--' ~ 

15.24 
(2) ... 

(1) Nominal dimension 

(2) True geometrical position 

28 PINS 



EF9369 

28 PINS - PLASTIC LEADED CHIP CARRIER 

Pin 1 identification 

11430 

~ 
25 

0661 
0,812 28 Outputs 

~ 0331 
min. 0,533 
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TS9370 

HMOS2 - SINGLE CHIP COLOR PALETTE 

• ON CHIP COLOR LOOK-UP TABLE 
• 4096 COLOR PALETTE (16 colors selected from 

4096) 
• ON-CHIP THREE 4-BIT RESOLUTION VIDEO 

DACs 
• DOT RATE UP TO 45 MEGADOTS PER SE­

COND 
• MARKING BIT FOR INLAY PURPOSE 
• VERSATILE MICROPROCESSOR INTER­

FACE: 
_ DIRECTLY COMPATIBLE WITH AD­

DRESS/DATA MULTIPLEXED 8-BIT 
MICROPROCESSOR BUS SUCH AS 6801, 
8051 ... 

_ DIRECTLY COMPATIBLE WITH NON-MUL­
TIPLEXED 8 OR 16-BIT MICROPROCES­
SOR BUS (6809, 6502, 68008 ... ) 

• SINGLE 5 V SUPPLY 
• LOW POWER DISSIPATION 
• 28 PINS DIP AND PLCC PACKAGE 

DESCRIPTION 
The TS9370 single chip palette provides a low cost, 
yet remarkable enhancement for any low to mid­
range color graphics application. It allows displaying 

PIN CONNECTIONS 

DIP28 

November 1988 

HI' 

1'3 

1'2 

1" 

PO 

BU: 

AS 

.. oW 
os 
aD 

a 

E88·TS9370·01 

P 
DIP28 

(Plastic Package) 

FN 
PLCC28 

(Plastic leaded chip carrier) 

(see the ordering information at the end of the datasheet) 

up to 16 different colors, each of three colors being 
freely selected out of 4096 preset values. TS9370 
contains a 16 register color look-up table, three 4-
bit D/A converters and a microprocessor interface 
for color loading. 

PLCC28 

i 
8 II .. u 0 " N 

U .. > > % .. .. 
N - P:I ... P:I N 

0 PI 

PO 

BLK 

AS 

.. J9iI 
RESET D5 

CSD 

~ ~ :! ~ ~ :: ~ 
N " ~ 

.. 8 ... rl 0 0 0 0 
00( 00( 00( 00( 00( 00( 
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TS9370 

TYPICAL APPLICATION 
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TS9370 

PIN DESCRIPTION 

MICROPROCESSOR INTERFACE 
All the input/output pins are TTL compatible. 

Name Pin 
Type 

N° Function 

AD(0:7) I/O 8-11-14 Multiplexed 
15-17 Address/data Bus 

SMI I 3 Microprocessor 
Interface Mode 

Select 

AS I 22 Address Strobe 

OS I 20 Data Strobe 

RIW I 21 Read/write 

CS I 18 Chip Select 
CSO 19 

4116 

234 

Description 

These 8 bidirectional pins are to be connected to the 
microprocessor system bus. 

When this input is connected to Vcc, the TS9370 is in the non 
multiplexed mode. 
When this input is connected to Vss (ground), the EF9370 is in 
a multiplexed mode to provide a direct interface with either 
Motorola or Intel Type Microprocessor. 

In non-multiplexed mode, this input selects either the address 
register (AS = 1) or the data register (AS = 0) to be accessed. In 
multiplexed mode, the falling edge of this control signal latches 
the address on the AD(0:7) lines, the state of the Data Strobe 
(OS) and Chip Select lines (CS, CSO). When using Intel type 
microprocessor, this input must be connected to the ALE control 
line. 

In non multiplexed mode, this active high control signal enables 
the AD(0:7) input/output buffers and strobes data to/from the 
TS9370. This signal is usually derived from the processor E 
(02) clock. 
In multiplexed mode, the input is strobed by the falling edge of 
AS. The strobe value selects either Motorola or Intel type. When 
uSin.9.J!n Intel type microprocessor, OS must be connected to 
the RD control line. With a Motorola type microprocessor, OS 
must be connected to E(02) clock. 

Thi~control signal deter[1JJnes whether the TS9370 is read 
(RIW = 1 ) or written (RIW = 0). When using Intel type 
microprocessor, this input must be connected to the WR control 
line. 

CS must be low and CSO must be high to select the TS9370. In 
non multiplexed mode, the TS9370 remains selected as long as 
the selection condition is met. 
In multiplexed mode, the selection condition is latched when AS 
is low. 



TS9370 

VIDEO INTERFACE 

Name Pin 
Type 

N° Function Description 

P(0:3) I 24-27 Pixel Inputs These four TTL compatible inputs are strobed by HP into the 
color index register to address the color look-up table. 

HP I 28 Dot Clock The rising edge of this input latches the P(0:3) and BLK inputs 
into the TS9370 and the data out of color look-up table into the 
output registers. 

M 0 7 Marking This output is synchronised by HP and delivers the marking bit 
value from the color look-up table. 
The logical delay between M output and the latched value P(0:3) 
is one HP clock period. 

CA 0 5 Color Outputs These three analog outputs deliver the color signal levels from 
CB 6 the internal D/A converters (DAC). The delay between CA, CB, 
CC 4 CC outputs and the latched value P(0:3) is one HP clock period 

(see timing diagram 5). 

BLK I 23 Blanking A high level on this input forces the CA, CB, CC and M outputs 
to low level. 

RESET I 10 Reset This active high input forces the CA, CB, CC, outputs to low 
level until the next microprocessor access to the device. 

OTHER PINS 

Name Pin 
Type 

N° Function Description 

Vcc S 9 Power Supply +5V 

Vooc S 2 Analog Power Power supply for the internal DACs. This input can be connected 
Supply to Vce. 

Vss S 1 Power Supply Ground 

FUNCTIONAL DESCRIPTION 
TS9370 contains a 16 register Color-Look Up Table 
(CLUT). Each of these 13-bit register holds three 
4-bit color fields CA (0:3), CB (0:3) and CC (0:3) and 
a marking bit M. 
These registers can be accessed (read or write) by 
the microprocessor through the microprocessor 
interlace. These registers are also read by the video 
process: a 4-bit pixel data and a clock must be 
provided at pixel rate to the P(0:3) and HP input pins. 
These signals may be delivered either by 4 video 
shift registers and the shifting clock of a bit map CRT 
controller or by an alphanumeric or semi-graphic 
CRT controller. The pixel value, after clock resyn­
chronisation, is used as a color index: it selects one 
out of the 16 CLUT registers. Each color field of the 
selected register is converted to an analog signal 
and delivered to one of the CA, CB or CC output. 
The marking bit is directly routed to the M output. 
When the CA, CB and CC outputs are used as RGB 
analog signals, one color out of 4096 is associated 
to each pixel value. In short this process freely maps 
a 16 color index set into a 4096 color set. 

MICROPROCESSOR INTERFACE 

The 8-bit microprocessor interlace gives access 
(read or write) to the CLUT which is addressed as a 
32 by1e table. The 13-bit color register # N 
(N = 0 to 15) is accessed,at address 2N and 2N + 
1. Even address holds CA (0:3) and CB (0:3), odd 
address holds CC (0:3) and M (see fig. 1). 

TS9370 provides two bus modes through the SMI 
programming pin: 
• Multiplexed mode for address/data multiplexed 8-

bit microprocessor bus. 
• Non-multiplexed mode for non-multiplexed 8 or 

16 bit microprocessor bus. 

MULTIPLEXED MODE (SMI connected to Vss) 

In this mode, TS9370 can be directly connected to 
popular address/data multiplexed microprocessor, 
either Motorola type (6801) or Intel type (8048, 
8051, fill88 ... ). In this last case the TS9370 AS, DS 
and R/W loQuts must be connected respectively to 
the ALE, RD and WR microprocessor control lines. 
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TS9370 

Figure 1 : Clut Adressing. 

Color Look-up Table (CLUT) 
7 6 5 4 3 2 1 0 7 

CB3 CB2 CB1 CBO CA3 CA2 CA1 CAO X 

X X X M CC3 CC2 CC1 CCO X 

CB3 CB2 CB1 CBO CA3 CA2 CA1 CAO X 

X X X M CC3 CC2 CC1 CCO X 

CB3 CB2 CB1 CBO CA3 CA2 CA1 CAO X 

X X X M CC3 CC2 CC1 CCO X 

x = Don't Care. 

In this mode, TS9370 maps into the microprocessor 
addressing space as 32 CLUT byte address. Ran­
dom access to one byte takes one cycle: on the faI­
ling edge of the AS input, TS9370 latches AD (0:7) 
into the on-chip address register, the DS and chip 
select lines into dedicated flip-flops. The strobed va­
lue of DS allows recognition of Intel or Motorola type 
for further processing. (See pin description section 
and microprocessor timing diagrams for details). 
When TS9370 chip select lines enable selection, the 
addressed byte is accessed during the data phase 
of the cycle. 

NON MULTIPLEXED MODE 
(SMI connected to Vcc) 

In this mode TS9370 can be directly connected to 
any 8 or 16-bit, non-multiplexed, microprocessor 
bus (6800, 6809, 6502, 68008 ... ). 
This mode provides an indirect, auto-incremented 
addressing scheme. TS9370 maps into the micro­
processor addressing space as 2 byte address on­
ly. AS is used to select one out of 2 registers: 
• the write only address register (5 bits) addressed 

when AS = 1. 

• the read/write data register (8 bits) addressed 
when AS = O. 

Random access to a CLUT byte takes two bus cycles: 
1/ Load the CLUT address into the address register. 
2/ Access (read or write) the value in the data register. 

After each access to the data register, the address 
register is automatically incremented modulo 32. 
This scheme allows sequential addressing to the 
CLUT without address reloading, the complete 
CLUT can so be reloaded in 33 bus cycles. 

VIDEO PROCESS 

The CRT controller sends to TS9370 a pixel value 
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X 

X 

X 

X 

X 

X 

CLUT Byte Adress Register Index 
5 4 3 2 1 0 # 

X 0 0 0 0 0 
0 

X 0 0 0 0 1 

X 0 0 0 1 0 
1 

X 0 0 0 1 1 

X 1 1 1 1 0 
15 

X 1 1 1 1 1 

on pins P (0:3), a pixel rate clock on HP input and a 
blanking signal on pin BLK. The pixel value is lat­
ched into the color index register by the rising edge 
of HP. The color index register selects one register 
in the CLUT. The color fields of the selected regis­
ter are routed to 3 DACs and M is directly routed to 
the M digital output. After impedance matching, the 
CA, CB, and CC outputs can be used to drive a RGB 
analog color monitor. Alternatively one of these out­
puts can be used to drive a monochrome monitor 
thus providing up to 16 grey levels. The marking di­
gital output can be used to drive analog video 
switches, thus providing video overlay facility on a 
color per color basis. 
The blanking input forces the analog outputs and 
the M output to low level thus allowing the beam to 
be switched off during retrace intervals. 
Notes: 1.The output voltages are proportionnal 

to the analog supply voltage VDDC. 
When required, setting VDCC allows a 
gain adjustment. But in most applica­
tions, VDDC and VDD can be derived 
from the same supply through inde­
pendent decoupling. 

2.As the CLUT is shared between micro­
processor access and video access, a 
low level is forced on the CA, CB, CC 
and M outputs during any chip select 
periods. To avoid to spoil the screen 
with black strokes it is recommended 
to access the CLUT from the micropro­
cessor only during the retrace periods. 

3.RESET - This input forces CA, CB, CC 
and M outputs to a low level until the 
next microprocessor access. At power 
on or at the beginning of a session RE­
SET allows to keep a clean black 
screen until proper initialization. 



TS9370 

NON MULTIPLEXED MODE 

VCC - SMI 

0(0:7) AD(0:7) 

AS 

1 ADDRESS I -
MPU A(0:1S) 

DECODER , 
CS TS9370 
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-
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TS9370 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vee * Digital Power Supply - 0.3 to 7.0 V 

Vin* Input Voltage - 0.3 to 7.0 V 

TA Operating Temperature Range o to 70 °C 

Tstg Storage Temperature Range - 55 to 150 °C 

Vooe * Analog Power Supply - 0.3 to 9.0 V 

Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and functional ope­
ration of the device at these or any conditions beyond those indicated in the operational sections of this specification is not implied. 
Exposure to maximum rating conditions for extended periods may affect device reliability. Standard MOS circuits handing procedure 
should be used to avoid possible damage to the device. 

* With respect to Vss. 

ELECTRICAL OPERATING CHARACTERISTICS 
(Vee = 5.0 ±5%, Vss = 0, TA =-25 OC to + 85 °C) 

Symbol Parameter 

Vee Supply Voltage 

Vooc Analog Supply Voltage 

loDe Analog Supply Current 

V,L Input Low Voltage 

V,H Input High Voltage 

Min. Typ. 

4.75 5 

- Vee 

- 20 

-0.3 -
RESET 3 -

All Other Inputs 2 -

lin Input Leakage Current 

VOH Output High Voltage (I'oad = - 500 !-LA) 

VOL Output Low Voltage (I'oad = 1.6 mAl 

Po Power Dissipation 

Cin Input Capacitance 

ITSI Th ree State (off state) Input Cu rrent 

Test Load for Digital Output 
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Tn, 
point 

CL 

RL 

R 

AD (0 :7) 

100 pF 

1 kQ 

4.7 kQ 

1 ..... ' 
or equiv. 

E88·TS9370-06 

M 

50 pF 

3.3 kQ 

4.7 kQ 

- -

2.4 -

- -

- 300 

- -

- -

Test Load for Analog Output 

Max. Unit 

5.25 V 

7 V 

- mA 

0.8 V 

Vee V 
Vee 

20 ~ 
- V 

0.4 V 

500 mW 

15 pF 

10 ~ 

E8B-TS9370·05 



MICROPROCESSOR INTERFACE TIMING AD (0 : 7), AS, OS, RiW, CS, csa 
Vee = 5.0 ± 5 %, T A = - 25 'C to + 85°C, CL = 100 pF on AD (0 : 7) 

TS9370 

TTL input values are 0 to 3 volts, with input rise/fall time :s; 3 ns, measured between 10 % and 90 % 
points. Timing reference at 50 % for inputs and outputs. 

Indent. Symbol Parameter Min. Typ. Max. Unit 
Number 

1 tCYC Cycle Time 400 - - ns 

1b tpEWX DS Pulse Width High Time 200 - - ns 

1c tPEWL DS Pulse Width Low Time (timing 3) 120 - - ns 

2 tAso DS Low to ASJ::Iigh (timing 1 and 3) 20 - - ns 
DS High or RIW high to AS high (timing 2) 

3 tASEO AS Low to DS High (timilJ.!l 1) 20 - - ns 
AS Low to DS Low or RIW Low (timing 2) 

4 tPWEH Write Pulse Width 200 - - ns 

5 tpWASH AS Pulse Width 100 - - ns 

6 tRWS RIW to DS Setup Time (timing 1) 20 - - ns 

6b RIW, AS, CS, CSO to DS Setup Time 20 - - ns 
(timing 3) 

7 tRWH RIW to DS Hold Time (timing 1) 10 - - ns 

8 tASL Address and CS, CSO Set Up Time 20 - - ns 

9 tAHL Address and CS, CSO Hold Time 20 - - ns 

10 tosw Data Setup Time (write cycle) 50 - - ns 

11 tOHW Data Hold Time (write cycle) 10 - - ns 

12 to OR Data Access Time from DS (read cycle) - - 150 ns 

13 tOHR DS Inactive to High Impedance State Time 10 - 80 ns 
(read cycle) 

14 tACC Address to Data Valid Access Time - - 300 ns 
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TS9370 

TIMING DIAGRAM 1 - MULTIPLEXED MODE - MOTOROLA TYPE (8MI = Vss) 
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TIMING DIAGRAM 2 . MULTIPLEXED MODE· INTEL TYPE (SMI = Vss) 

READCYCLI 

Ill) IPin DIll 

ViRCPinRIW 

AO(0.71-------------{ 

1m IPin OSI 

ES 
CSD 

AOIOo7l------------{ 

o 
'eYC 

® 
'DDR 

ADDRESS 

® 
'ACC 

TS9370 

EBB·TS9369·07 

EBB· TS9369·0B 
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T59370 

TIMING DIAGRAM 3 - NON-MULTIPLEXED MODE (SMI = Vee) 

os 

Rlii ------'" 

cs CSIl ______ J 

WRITE CYCLE 
AOIO:71 

READ CYCLE 
ADID:71 

'PwEx 

'OSW 

INPUT OATA 

'DDR 2 'OHR 1 

OUTPUT DATA 

DIGITAL VIDEO SIGNALS - HP, P(O:3), BlK, M, RESET 
vee = 5.0 ± 5 %, TA = - 25 'C to + 85 ae. TS9370-20 and TS9370-30 

TA = 0 'C to 70 ae. TS9370-45 

E88·TS9369-09 

TTL input values are 0 to 3 volts, with inputs rise/fall time S; 3 ns, measured between 10 % and 90 % 
points. Timing reference at 50 % for inputs and outputs. 

Symbol Parameter 
TS9370-20 TS9370-30 TS9370-45 

Unit 
Min. Max. Min. Max. Min. Max. 

\p HP Clock Period 50 1000 33 1000 22.5 1000 ns 

tPEWH HP High Pulse Width 20 - 11 - 6 - ns 

tPEWL HP Low Pulse Width 20 - 11 - 6 - ns 

tsu BLK and P(0:3) Set Up Time to HP 5 - 5 - 5 - ns 

tHO BLK and P(0:3) Hold Time from HP 10 - 10 - 5 - ns 

tD M Output Delay from HP - 30 - 30 - 22.5 ns 

tPWRL RESET High Pulse Width 400 - 400 - 400 - ns 
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TIMING DIAGRAM 4 

HP 

BLK 

PO 

P3 

M 

ANALOG VIDEO OUTPUTS CA, ca, CC 
Vooc = 5V, CL = 20 pF, RL = 100 kO 
T A = - 25 'C to + = 85 cC, TS9370-20, TS9370-30 

o 'C to + 70 cC, TS9370-45 

8ymbol Parameter 

Analog Outputs 
V White 

V Black 

Output Impedance 

Differential non linearity 

Monotonicity 

tpd Propagation Delay 
CA, CB, CC Outputs from HP 

tR 10 to 90 % Rise Time 

ts Output Setting Time to 1/2 LSB 

189370-20 

Min. Max. 

2.10 2.16 

0.76 0.82 

- 440 

- 1/2 + 1/2 

- 30 

- 16 

- 20 

TS9370 

'0 

EBB· TS9369·1 0 

189370-30 189370-45 Unit 
Min. Max. Min. Max. 

2.10 2.16 2.10 2.16 V 

0.76 0.82 0.76 0.82 V 

- 290 - 230 g 

- 1/2 + 1/2 - 1/2 + 1/2 LSB 

Guaranted 

- 30 - 20 ns 

- 12 - 8 ns 

- 15 - 10 ns 

13116 
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159370 

TIMING DIAGRAM 5 

CA,.C8.CC 

VIDEO INTERFACE 

The function of the video amplifier is to match up the 
output impedance of TS9370 with a 75 Q Monitor 
input. With the example of video amplifier shown in 
figure 2, the output video signal is compatible with 
the RS170 video standard. 

Figure 2 : Typical Low Cost Video Interface 

TSII370 

ct---H 

TSII370 

ct---.... 

14116 

244 

EBB-TS9370-07 

A lot of care is needed when linking the TS9370 co­
lors outputs to video amplifier. 
Currently: 3.4 RC < 0.7 tp 
R = output impedance of TS9370 DAC 
C = input capacitance of video amplifier 
tp = video clock period 

750 __ 

EBB. TS9370-0B 

75fl-...-"lm 

EBB-TS9370-09 



ORDER INFORMATION 

Part Number Temperature 

TS9370lP20 - 25 OC to + 85 OC 
TS9370lFN20 - 25°C to + 85 OC 
TS9370lP30 - 25 OC to + 85°C 
TS9370lFN30 - 25 OC to + 85°C 
TS9370CP45 o °C to 70°C 

PACKAGE MECHANICAL DATA 

28 PINS - PLASTIC DIP 

mm 

Datum 

6 

TS9370 

Package 

DIP28 
PLCC28 
DIP28 

PLCC28 
DIP28 

e:2,54 4.57mox. 

(1) Nominal dimension 

(2) True geometrical position 

14 

28 PINS 

15116 
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TS9370 

28 PINS - PLASTIC LEADED CHIP CARRIER 

mm 

11430 

~ 
25 

16/16 

246 

0661 
0,812 

~ 0331 
min. 0,533 

~ SGS·THOMSON 4"/ IJliJU©~l@m~Iil@IlJU©iI! 

28 Outputs 
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DISPLAY UNIT AND MEMORY PLANE 

On a monitor, the screen is partitioned into X dots 
and Y lines. This number of dots and lines gives the 
definition. For example 256 x 256, 640 x 480, etc. 

Each dot or pixel is associated with a bit in a memo­
ry plane. On a monochrome monitor, each pixel will 
be on or off according to its value in the memory 
plane. That kind of monitor has got only one gun to 
drive the screen. 

A color monitor owns three guns (a red, a green and 
a blue) since it is known that all the colors are avai­
lable with these three primary colors. 

To drive these three guns, at least three memory 
planes are needed. Each memory plane can be as-

APPLICATION NOTE 

EF9369 COLOR PALETTE 
By J.F. FEVRE 

sociated to a gun. So we get a red plane, a green 
plane and a blue plane which give eight fixed colors 
on the screen. 

If more colors are needed on the screen at the same 
time, more memory planes must be used. 

With n planes it will be possible to get 2n colors on 
the screen at the same time. But in this case, the 
problem is to deal with the three red, green and blue 
inputs of a color monitor. 

Another problem is that all these sets of colors are 
fixed, and most of the time, in a graphic application 
much more colors are needed. 

All these problems can be solved by using the 
EF9369 single chip color palette. 

r-------::1 
1 n, 
1 I 

1 
I 

~L-___ ..,2 
I 
I 

T--..J 
I 
1 

___ 1_. 
L--,-----.....,.-,-...J ,n I 

~ t-----, 
.....-1H---X---::~:-) 1 

PALETTE DESCRIPTION 

Each pixel's intensity is represented by 1, 2, 4, 8 or 
more bits of memory. Several methods can be used 
to encode colored pictures for storage in a frame 
buffer. The simplest method is to define the color 
components of each pixel. The bits representing the 
pixel can be divided into three groups of bits, each 

AN324/0289 

____ J, 
VIDEO I 

~Q<!~J 
I VIDEO 

14-------' { OUTPUTS 

EBB AN59T01 

indicating the intensity of one of the three primary 
color components. 

The simple color component encoding scheme (as 
described in page 1) has the disadvantage of limi­
ting the range of colors. A more flexible scheme in­
volves the use of a color look-up table (CLUT). 

1/12 
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APPLICATION NOTE 

A color palette (actually a color look-up table stored 
in RAM) both eases the host's task and cuts the 
amount of memory needed in the frame buffer. At 
anyone time, the RAM is able of mapping all the 
graduations possible for each of the three primary 
colors. 

Consequently, instead of storing these color inten­
sities directly, the frame buffer is free to store mere­
ly their locations within the color map. 

The values stored in the frame buffer are treated as 
addresses into the table of colors defined by their 
red, green and blue components. (see figure 2.1). 

A major advantage of this approach is that it alle­
viates the chore of changing colors because the sys­
tem's host processor must write each color change 
to only one address in the palette. 

For maximum utility, the color look-up table uses 
read-write memory. It is then possible to assign a 
different set of colors to different application pro­
grams and to mix a set of colors interactively for 
painting purposes. 

Figure 2.1. 

Color 
palette 
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Frame 
buffer 

r-­
I 
I 
I Color 

I ::~~up 
I 
I 
J Componen 

I read from 
table 

I 
I 
I 
L __ 

I 
I 

Memory plane 

-----------
Red Green Blue 

0 

t F 

Red Green Blue 
l.J I 

I 
----------

EF9369 

EP9369 contains a 16 registerCLUT. Each of these 
13-bit register holds three 4-bit color field CA(0:3) ; 
CB(0:3) ; CC(0:3) and a marking bit M. (see fi­
gure 4). 
So to use this chip; four memory planes are nee­
ded. It is then possible to choose a set of colors 
amongst 4096. 
The marking bit may be used for blinking or highlight 
purposes. 
Each binary value coming from the CLUT is then 
converted in an analogic value in order to drive a 
monitor. 
Each 4-bit DI A converter is y corrected in order to li­
nearize the luminance driven on the screen versus 
the digital value. The typical digital to voltage 
conversion law is given table 2.2. 
The output voltages are proportional to the analog 
supply voltage VDDC. When required, setting VDDC 

allows a gain adjustement. But in most applications, 
VDDC and VDD can be derived from the same sup­
ply through independent decoupling. 

Binarv value giving the address 
i - -f-
n the address in the color look-up table 

I I 

Index 

l 
I , 

~to 
tahle 

I 
I 
I 
I 
I 
I 
I 

DIA 
Converters 

Blue 

Green I To monitor 

Red I 
-- --.J EBB AN59T02 
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Table 2.2. 

Binary Input 
Analog Output (V) 

Min. Typ. Max. 

Low Level 0000 - 0.8 -

0001 - 1.18 -

0010 - 1.28 -

0011 - 1.36 -

0100 - 1.42 -

0101 - 1.47 -

0110 - 1.52 -

0111 - 1.56 -

1000 - 1.60 -
1001 - 1.63 -

1010 - 1.66 -

1011 - 1.69 -

1100 - 1.72 -

1101 - 1.75 -

1110 - 1.76 -

High Level 1111 - 1.80 -

Note: The internal NO converters deliver on CA, CB and CC outputs 16 levels with y law correction (y = 2.8). The typical transfer 
characteristic is given by : 

1 
V = (!i.) 28 Vooc + 0.16 Vooc 

15 . 5 

Where N is the binary value. 

MICROPROCESSOR INTERFACE 
EF9369 interfaces to a microprocessor through: 

_ a multiplexed 8-bit address/data bus; 
_ non-multiplexed mode. 

The mode selection is programmed through the SMI 
pin. 

Multiplexed mode: SMI connected to Vss. 

Non-multiplexed mode: SMI connected to Vcc 
_ Non-multiplexed mode: (see figure 3.1). 

Vcc, Voo and SMI pins must be connected to 
+ 5 volts. 

_ Vss pin must be connected to ground. 

The CS signal is obtained from an address decoder. 

In this mode, EF9369 maps into the microprocessor 
addressing space as two byte address only. 

_ Multiplexed mode: (see figure 3.2). 
Vcc and Voo pins must be connected to 
+ 5 volts. 
SMI and Vss pins must be connected to 
ground. 

In this mode, EF9369 maps into the microprocessor 
addressing space as 32 byte locations. 

A lot of care must be taken with the CS.CSO signal. 
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Figure 3.1: Non-multiplexed Mode - Motorola Type Microprocessor. 

DIO:7) ADIO:7) 

AD 
AS 

A{D:15) ) ADDRESS CS 
DECODER .. 

MPU EF9369 

E DS 

RMi RMi 

~ Vee 

~ Vooe 

~ SM) 

'-- cso 

E88AN59T03 

fV~ 
. Reset 
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Figure 3.2 : Multiplexed Mode - Motorola Type Microprocessor . 

... 
PORT C AOIO·71 

'" I CSO 

MPU 
E~ 

SCI AS 

E os 
so R.W 
IDS cs 

·'1 Vee 

Voce 

- SMI 

I-- Vss 

I-- fie ... 
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Figure 3.3 : Multiplexed Mode - Intel Type Microprocessor. 

1 Vee 

vooc 

~ 

ADIO,71 ADIO'71 

'" -v 

AIO,151 ADDRESS CS 
MPU 

ALE 

jjjj 

WR 

PROGRAMMING THE EF9369 

It is very important to access the CLUT only during 
retrace intervals to avoid to spoil the screen with 
black spots. 

PROGRAMMING THE EF9369 IN NON-MUL TI­
PLEXED MODE 

EF9369 is located into the microprocessor addres­
sing space in 2 addresses only. 

The first one is the data register and the next one is 
the address register. 

6/12 

254 

DECODER EF93119 

-----J CSO 

AS 

OS 

RiW 

f SMl 
Vss 
Reset 

E88AN59T05 

After each access to the data register the address 
register is automatically incremented modulo 32. 
This scheme allows sequential addressing to the 
CLUT without address reloading. 

The flow chart and the source listing in 6809 assem­
bler language given below show an example for loa­
ding the complete color look up table. The CLUT ad­
dressing table is given in figure 4. 



Figure 4 : Clut Addressing. 

Color Look-Up Table (CLUT) CLUT Byte Address 

7 6 5 4 3 

CB3 CB2 CB1 CBO CA3 

X X X M CC3 

CB3 CB2 CB1 CBO CA3 

X X X M CC3 

J, 

CB3 CB2 CB1 CBO CA3 

X X X M CC3 

x = Don't care 

2 1 

CA2 CA1 

CC2 CC1 

CA2 CA1 

CC2 CC1 

CA2 CA1 

CC2 CC1 

0 7 6 5 4 

CAO X X X 0 

CCO X X X 0 

CAO X X X 0 

CCO X X X 0 

CAO X X X 1 

CCO X X X 1 

LD PALE 
LOAD THE COMPLETE CLUT FROM 

A 32 . BYTE TABLE 

1 

3 

0 

0 

0 

0 

1 

1 

I 0 - ADDRESS REGISTER I 
J 

LOOP I I 
32 ~~~ES: I STORE A BYTE INTO DATA REGISTER' J 

L-------1 
I END I 

2 

0 

0 

0 

0 

1 

1 
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Register 
1 0 Index # 

0 0 
0 

0 1 

1 0 
1 

1 1 

J, 

1 0 
15 

1 1 

E88AN59T06 

• Note: The address register is automatically incremented after this instruction. 
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PAGE 001 EF9369 .SA:O 

00001 OPT LLE=110 
00002 
00003 'EF9369 PROGRAMMING EXAMPLE 
00004 'THIS PROGRAM IN 6809 ASSEMBLER LANGUAGE 
00005 'SHOWS HOW THE WHOLE COLOR LOOK-UP TABLE (CLUT) 
00006 'CAN BE SEQUENTIALLY LOADED WHEN THE EF9369 
00007 'IS CONNECTED TO A NON-MULTIPLEXED 
00008 'MICROPROCESSOR. 
00009 

, 

00011 F440 A DATA EQU $F440 EF9369 DATA REGISTER 
00012 F441 A ADDR EQU DATA + 1 EF9369 ADDRESS REGISTER 

00014 2000 A STACK EQU $2000 
00015 1F80 A STACKU EQU STACK-128 

00017A 1000 ORG $1000 
00018A 1000 10CE 2000 A LDS #STACK 
00019A 1004 CE 1F80 A LDU #STACKU 
00020A 1007 8E 1026 A MAIN LOX #CLOR1 INIT INDEX REGISTER 
00021 A 100A BD 100F A JSR LDPALE 
00022A 100D 20 FE 100D HERE BRA HERE END OF MAIN PROGRAM 

00024 
00025 'LDPALE : LOAD THE WHOLE CLUT 
00026 'ARGUMENT: X POINTS TO A 32-BYTE TABLE WHICH 
00027 'IS TO BE LOADED INTO CLUT. 
00028 'FOR EVERY 2-BYTE SET. THE FIRST BYTE HOLDS 
00029 'CB (0 : 3) AND CA (0 : 3) FIELD. 
00030 'THE SECOND BYTE MARKING BIT M 
00031 'AND CC (0 : 3) FIELD. 
00032 'EXIT: A AND B ARE DESTROYED 
00033 'X = X INITIAL + 32 
00034 

, 
00035 100F A LDPALE EQU 
00036A 100F 4F CLRA 
00037A 1010 B7 F441 A STA ADDR INIT EF9369 ADDRESS REGISTER 
00038A 1013 86 10 A LDA #16 
00039A 1015 A7 C2 A STA .-U STORE LOOP COUNTER 

00041 A 1017 EC 81 A LDPA10 LDD .X++ READ 2 BYTES FROM TABLE 
00042A 1019 B7 F440 A STA DATA LOAD DATA REGISTER 
00043A 101C F7 F440 A STB DATA LOAD DATA REGISTER 
00044A 101 F 6A C4 A DEC .U DEC LOOP COUNTER 
00045 1021 26 F4 1017 BNE LDPA10 

00047A 1023 33 41 A LEAU 1.U UPDATEU 
00048A 1025 39 RTS 

00051 1026 A CLOR1 EQU 
00052A 1026 01 A FCB $01,$OA,$15,$08,$9A,$04,$06,$OF 
00053A 102E 49 A FCB $49,$03,$83,$OF,$OE,$04,$AD,$04 
00054A 1036 F9 A FCB $F9,$OC,$3A,$08,$AO,$OA,$F8,$05 
00055A 103A 3C A FCB $3C,$OD, $C8, $OB, $18,$09, $49,$07 
00056 END 
TOTAL ERRORS 00000-00000 
TOTAL WARNINGS 00000--00000 
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VIDEO INTERFACE 

EF9369 video outputs are high impedance 
(= 500 ohms) which require proper adaptation. 

Many solutions are possible, but it is very important 
to notice that a lot of care is needed when linking 
the palette to a surrounding video amplifier. 

Ground loops are deadly in video systems, particu­
larly where analog and digital circuits are interfaced. 
This demands that analog and digital ground be 

Figure 5.1. 

APPLICATION NOTE 

connected only atone point (star fashion}. This point 
being as close to EF9369 pin 1 as possible. 

The function of the required video amplifier is to 
match up with the circuit high impedance output and 
a monitor 1V-75 ohms input. 

It is possible to use either the SGS-THOMSON 
TEA5114 as shown in figure (5.1) or the transistor 
video amplifier as shown in figure (5.2). 

CRT controller 

BLK~----------t 

EF!131S 

HPI2ii-----~ Clock 

po~----------f'"1 

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

~~---------~. 

ro~---------~, 

To monm 

E88AN59T07 
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Figure 5.2. 

EF9369 

CI 
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Table 5.3. 

Z output 

Illi 

400 - ----------- ------

~V-

o 15 
L Uevel) 

The set-up time of the color levels at the circUit output roughly follows the equation (Ts = 5RC) : 
Ts : Set-up time 
R : The output of the EF9369 may be considered as a static resistor (see table 5.3) 
C : Input capacitance of the video amplifier 

EBBAN59T09 

So if the set-up time Ts has to be improved, the solution is to get a video amplier input capacitance as low as possible. 
Example: R = 400 Q - C = 20 pF 

Ts = 5 x 400 x 20 = 40 ns 

Figure 5.4: Video Amplifier Layout. 

COPPER SIDE EBBAN59T10 

+12V 

Input Output Ground 

COMPONENT SI DE EBBAN59T11 

COLOR COMPOSITION 

When the sun light is split through a prism, one can 
see three main colored zones : 

_ blue, 
_ green, 
_ red. 

to get all the colors that the human eye can see. So 
far with a common CRT controller it is possible to 
get only eight basic colors because each "primary 
color" can get only the value 0 or 1. 

These colors are called "primary colors", because 
by mixing them in various proportions, it is possible 

no color = black 
red + green = yellow 
blue + red = magenta 
green + blue = cyan 
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With the EF9369 each "primary color" can get six­
teen different values which give the possibility of 
choosing a tint amongst 4096. 

A FEW EXAMPLES 

The sixteen values will go from 0 to F for each "pri­
mary color" in the CLUT. 

- Dark and light: 
Cyan is the addition of green and blue. For a dark 
cyan each value of green and blue must be low. 
Ex : green = 3, blue = 3, red = 0 
For a light cyan the blue and green values must be 
high. 
Ex : green = D, blue = D, red = 0 

12/12 
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- Purple: 
Ex : green = 6, blue = 9, red = 8 

- Pink: high value of red and equal value of green 
and blue. 
Ex : green = 3, blue = 3, red = D 

- Orange: 
Ex : green = 3, blue = 0, red = D 

- Brown: 
Ex : green = 3, blue = 1, red = F 
All these examples are only indications. If other co­
lors are needed, each value of each "primary color" 
must be changed in order to get the right one. 

4096 possibilities are available! 
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EF9345 SEMI-GRAPHIC DISPLAY PROCESSOR 
GENERAL APPLICATION PRINCIPLES 

ABSTRACT 
Associated with a standard memory package, the 
EF9345 allows full implementation of a low-cost ter­
minal display unit. 

AUGUSTIN GIADIN 

The aim of this Application Note is to aid the user in 
using the EF9345. Design considerations and pro­
gramming of the circuit in the various operating 
modes will be discussed. 

MICROPROCESSOR INTERFACE 
GENERAL PRINCIPLES 

CONTENTS 

INTERFACE WITH A NON-MULTIPLEXED BUS MICROPROCESSOR 

MEMORY INTERFACE 
INTERFACE WITH 2K • 8 MEMORY 
INTERFACE WITH 8K' 8 PSEUDO-STATIC RAM 
INTERFACE WITH 16K' 4 RAM 

PROGRAMMING THE EF9345 - GENERAL PRINCIPLES 
DIRECT ACCESS REGISTERS 
COMMAND EXECUTION 
INDIRECT ACCESS REGISTER 

PROGRAMMING THE EF9345 IN 40 CHAR/ROW MODE 
BICHROME CHARACTER CODE 
QUADRICHROME CHARACTER CODE 
DOR REGISTER 
ACCESS TO UDS SLICES IN MEMORY 
SCREEN MAPPING WITH UDS CHARACTERS 

USER DEFINED CHARACTER SET (UDS) 
BICHROME UDS CHARACTERS 
QUAD RICH ROME UDS CHARACTERS 
DOR REGISTER 
ACCESS TO UDS SLICES IN MEMORY 
SCREEN MAPPING WITH UDS CHARACTERS 

PROGRAMMING EXAMPLE IN 40 CHAR/ROW 

PROGRAMMING THE EF9345IN 80 CHAR/ROW MODE 
PAGE MEMORY 
ACCESS TO CHARACTER CODE 

PROGRAM MIN EXAMPLE EN 80 CHAR/ROW 
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MICROPROCESSOR INTERFACE 

GENERAL PRINCIPLES 

The EF9345 interfaces to a microprocessor by : 
• an 8-bit address/data multiplexed bus AD(0:7) 

four control signals: AS (Address Strobe), DS 
(Data Strobe), RiW (Read/Write) and CS (Chip 
Select). 

Each microprocessor access is made as follows: 
First the AS signal falling edge latches the DS. 
CS and AD~7) input. The EF9345 is selected 
only when CS is strobed low and AD(7:4) most 
significant bits of the address lines are strobed 
with the binary value 0010. The latched level of 
DS signal selects either the Intel mode (DS high) 
or the 6801 mode (DS low). 
During the second part of the access cycle, the 
AD(0:7) lines become the data bus. In the 6801 
mode, data exchange is made while DS is high 
and the R/W signal specifies the data transfer di­
rection (a write operation into the circuit is perfor­
med when RiW is lo~ In the Intel mode, DS ~ 
gene.@!!y used as a RD (Read) signal and R/W 
as a WR (Write) signal. 

So connecting the EF9345 to a multiplexed bus 
microprocessor is quite simple. Figures 1 and 2 
show the interface with an EF6801 and an Intel type 
microprocessor (8085, 8051 ... ). 

Note: As the EF9345 is selected when the latched 
address binary value is 0010XXXX (or 2X in hexa­
decimal), the circuit takes 16 consecutive address 
locations in the microprocessor addressing space. 
These addresses correspond to 8 internal registers 
of the circuit, with each register selected by the three 
LSB of the address value (see programming des­
cription). 

INTERFACE WITH A NON-MULTIPLEXED BUS 
MICROPROCESSOR 

When the EF9345 is used with a non-mUltiplexed 
bus microprocessor such as EF6800, EF6809, 
Z80 ... , the microprocessor address and data lines 
must be generally multiplexed to pins AD(0:7). The 
address strobe and multiplexer command signals 
must also generated. Figure 3 shows an example 
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of interfacing the EF9345 to anEF6800/6809 micro­
processor, where address and data multiplexing is 
made with three-state buffers. The AS signal and 
the buffer enable signals are generated from the E 
signal with a few TTL-LS circuits. Figure 4 shows 
the associated timing diagram. 

By using the principle described below, it is possi­
ble to realize the EF9345 interface with a non-mul­
tiplexed bus microprocessor without multiplexing 
the address and data lines. This principle allows re­
ducing the number of TTL parts for the hardware in­
terface implementation, but requires a few additio­
nal instructions when programming the circuit. 

Figure 5 illustrates the principle for an EF6800/6809 
application. The AD(0:7) pins are directly connected 
to the microprocessor data bus and the CS input is 
grounded. An address decoder provides two chip­
select signal CSO and CS1. Any microprocessor 
write operation to the address which generates CSO 
low will result in an AS pulse while E is high and the 
data present on AD(0:7) are latched into the EF9345 
as an "address". During an access to the address 
generating CS1 low, a DS pulse is generated while 
E is high and AD(0:7) act as a normal data bus, pro­
vided that the circuit has been previously selected. 

So any micoprocessor access to the EF9345 is 
made in two steps: 
• first the microprocessor must write at address 

CSO a data whose binary value is 001 OXXXX to 
select the circuit and to specify by XXXX what re­
gister is to be accessed, 

• a normal data exchange (read or write operation) 
can then be made at address CS1 between the 
microprocessor and the EF9345 registerselected 
during the first cycle. 

Flowchart given in figure 6 shows how the micropro­
cessor can read the status register RO. 

This principle can be applied to any microprocessor 
type. Figure 7 shows an implementation example 
for interfacing with a Z80, where the AS pulse is ge­
nerated during an I/O write operation at address A7 
= 1, A6 = A5 = O. Access to an EF9345 register is 
made by an I/O read or write at address A7 = 1, A6 
= 1 and A5 = O. As DS (CS1) is high when AS oc­
curs, the EF9345 is here in the Intel mode. 
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Figure 1 : Interface with EF6801. 
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Figure 3 : Interface with EF6800/6809 by Multiplexing Address and Data Bus. 
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Figure 4: Timing Diagram Associated with Figure 3. 
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Figure 5 : Interface with EF6800/6809 without Multiplexing Address and Data Bus. 
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MEMORY INTERFACE 
The EF9345 can be used with a wide variety of 
standard memories and manages up to 16 kbytes 
of private memory. 

The memory interfaces is made by : 

an S-bit address/data multiplexed bus ADM(0:7) 

a 6-bit high order address bus AM(S:13) 

three control signals: OEJQutput Enable), ASM 
(Address Strobe Memory), WE (Write Enable). 

During each memory cycle, the EF9345 outputs to 
ADM(0:7) low order address byte while ASM is high. 
The high order address bits are provided on 
AM(S:13) during the whole memory cycle. When 
ASM goes low, the ADM(0:7) lines become the me­
mory data bus. For a read operation, the OE signal 
is active low to enable the memQfY. output buffers. 
A write operation is made when WE is low. 

INTERFACE WITH 2K*S STATIC MEMORY 

As the address lines are generally not latched by 
static RAMs, an externalS-bit latch (74LS373) must 
be used to store the low order address bits 
ADM(0:7) on the falling edge of ASM signal. 

INTERFACE WITH SK* S PSEUDO-STATIC RAM 

The EF9345 can be directly connected to an SK*S 
pseudo-static RAM (NEC fLPD 416S, INTELl1S7, 
INMOS 2630 ... ). The ASM signal is fed to the CE in­
put which latches the address lines. As the EF9345 
performs DRAM refresh, the memory internal re­
fresh circuitry is not use. 

The schematic diagram of figure S gives a design 
example which allows interfacing the EF9345 to 
2K*S or SK*S memory. With static memory, the S 
jumpers of SS are connected to provide the low or­
der address lines from the S-bit latch 74LS373. With 
pseudo-static memory, the 74LS373 is useless and 
the S jumpers of S7 are connected. Jumpers S1 to 
S6 are set in position 2 for 2K*S RAMs, and in posi­
tion 1 for SK*S RAMs. 

INTERFACE WITH 16K*S DRAM (see figure 9) 

When using 16K*4 dynamic RAMs, the address pro­
vided by the EF9345 must be multiplexed to obtain 
the Rowand Column address. ASM can be used di­
rectly as the RAS (Row Address Strobe) signal, but 
the CAS signal must be externally generated. Figure 
9 shows an example of generating CAS and the mul­
tiplexer command signals from ASM. 
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As previously, refresh operation is performed by the 
EF9345. 

PROGRAMMING THE EF9345 - GENERAL 
PRINCIPLES 

DIRECT ACCESS REGISTERS 

As described in the microprocessor interface 
chapter, the EF9345 is accessed by the micropro­
cessor at 16 consecutive locations from address 
XX20 to XX2F (hexadecimal), where XX is determi­
ned by the user's address decoding. These 16 ad­
dresses correspond to S internal registers RO to R7 
(see figure 10). Each register can be accessed at 
two addresses: a lower address (bit 3 = 0) and an 
upper address (bit3 = 1). Forexample, if the EF9345 
is mapped in the microprocessor addressing space 
from F420 to F42F, register R1 can be read or writ­
ten at both addresses F421 and F429. 

However, a command present in register RO is exe­
cuted only after an access to a register at an upper 
address. This scheme allows re-executing a same 
command by loading only one argument into an up­
per address register. 

COMMAND EXECUTION 

RO is a write command register and a read status 
register. A command present in RO is executed with 
the arguments in the other direct access registers 
after any access to a register at an upper address 
(from XX2S to XX2F). 

Before any access to a register, the Busy status in 
the Status register bit 7 must be tested to check a 
command is not currently executing. However, after 
power-up a NOP command should be executed 
without testing the Busy state to set the circuit into 
a determined state before further operation. A move 
command with no stop condition can also be abor­
ted by executing a NOP command. 

INDIRECT ACCESS REGISTER (figure 11) 

The EF9345 has 5 indirect access registers which 
define the various operating modes of the circuit: 
TGS, MAT, PAT, DOR, ROR. Each of these regis­
ters is assigned an index r and is indirectly acces­
sed through register R1 . Data is transfered between 
R1 and an indirect access register with the INDcom­
mand, which specifies the transfer direction (bit 
R/W) and the register index r (bits 0 to 2). 
Flowchart of figure 12 gives an example of indirect 
access register loading. 



Figure 8: EF9345 Interface with 2K x 8 and 8K x 8 Memory. 

~t-
50 

1: ---.. 
rt 

~i~ slot-' 
11'8/11$:-

~I!' 
! L---~~~--~~_r_r~~ 

~ i .... ---+ 

~ fz~r~ ... ':. 
~ 5. 6 

.n,F '150... ..."' ... ""1 pq,..~ -
~ 

(1' '" 

5.3 

t. _ i 

ao< 

U""'vW 

"' .. 
- rE,lc;~ 

"C$fv«. 

~ .. 

APPLICATION NOTE 

·5· CAPO. IJ" 

". as c. . . 
m •• Cf .. 

c--
Ie, - - ---
Ie< .. es 7 

Ie. ,. c. 7 

lCO 2. eB .. 
IC7 2. coo 1 

""Ea"'" .. a?... : 

'" ... 
rt - -= .. " c. 

s-
+.4.7 ...... ..... AU .. .. .. ~. 

R' 
.. Ie", ... . .. . . ... G 

;j .. 
• .. 

to 

_. . 
~ 
I: .:!. 

-~ " 
I 

59 ~a· n, CL 

ES8-AN44T-OS 

9/38 

269 



APPLICATION NOTE 

Figure 9: Interface with 16 x 4 Dram. 
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Figure 10: Direct Access Registers. 
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Figure 12 : Indirect Register Loading Example. 

RORWR: 
WRITE A BYTE INTO ROR 
INDIRECT REGISTER Ir~ 7) 

LOAD AND EXECUTE IND 
COMMAND WITH r~ 7 

B7-----RO+8 

PROGRAMMING THE EF9345 IN 40 
CHAR/ROW MODE 

In the char/row mode, a page displayed by the 
EF9345 is made of 25 or 21 rows, each containing 
40 character windows. A window is composed by 8 
pixels and 10 lines. 
Each window is associated with a character code in 
a page memory. One of three character code for­
mats can be selected for a page: 
• Fixed long codes (24 bits) 
• Fixed short codes (16 bits) 
• Variable codes (8/24 bits). 
In this document, only fixed long code format will be 
discussed. With this format, each character window 
on the screen is associated with a 3 byte code, na­
mely the C, B and A bytes. Interpretation of these 
bytes depends on the character type. 

BICHROME CHARACTER CODE 

For a bichrome character, the A byte defines: 
a background color 

• a foreground color 
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• the negative (reverse video) attribute N 
• the flash (blink) attribute F. 

The B byte defines: 
• a character set 
• insert, double height, double width, and conceal 

attributes. 

For bichrome characters, bits B (7:6) must differ 
from 11. 

The C byte selects one of 128 characters in a cha­
racter set. With the fixed long code format, bit C7 is 
don't care. 

Example: to write a "B" with the following attributes: 
• background color = blue 
• foreground color = yellow 
• flashing 
• alphanumeric set Go. 
The hexadecimal values for the character code 
bytes are: 
• Cbyte=42 
• B byte = 00 
• A byte = 3C. 



Figure 13: 40 Char/Row Fixed Long Codes. 
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OUADRICHROME CHARACTER CODE 

Ouadrichrome characters allow displaying up to 4 
different colors in any 8 pixels by the 10 lines win­
dow, at the penalty of a halved horizontal resolution. 
By programming the R attribute in the character 
code B byte, the vertical resolution can be kept or 
halved. 
For each quadrichrome character window the A 
byte defines an ordered 4 color palette fro~ 8 pos­
sible colors. Each bit is associated with a color which 
is selected when the corresponding bit is set. If more 
than 4 bits are set, higher ranking bits are ignored. 
When less than 4 bits are set, the color palette is im­
plicitly completed with "white" value. 
Example: A = 54 selects the red, yellow, blue and 

cyan colors. 
A = 73 selects the black, red, blue and 
magenta colors. Bit 6 is set but ignored. 

The character code B byte defines : 
• a. set number 00 to 07 by bits B (3:5) 

high or low resolution bit R. Bit R = 0 selects a 
high resolution quadrichrome and bit k is don't 
care. 
If R = 1, the character is a low resolution quadri­
chrome and k definies a subset index. 

• bit i definies the character to be inserted or not. 

Figure 14: Long Character Code Loading Example. 

The characte~:¢ode C byte selects one from 100 
characters in a set. This byte can take values from 
00 to 03 and from 20 to 7F (hexa). 

HANDLING LONG CHARACTER CODE 

The KRF command allows an easy, X, Yrandom 
access or an X sequential access to the page me­
mory. Data registers R1, R2 and R3 are used to 
transfer respectively the character code C, B and A 
bytes. The Main Pointer is used to address the page 
memory and specifies : 
• a row number Y = (0 ; 8 to 31) 

a column position on a row X = (0 to 39) 
• the first block number of the page memory Z (0 :3). 
Notes: 1. R6(6) is used by the Auxiliary Pointer 

2. Order of bits ZO-Z1 are reversed in R7 
3. When using pointer incrementation in 

KRF command (bit 0 = 1 in the command 
code), only the X part of R7 is incremen­
tated modulo 40 after the command exe­
cution. No Y incrementation is made 
when X overflows from 39 to 00. 

4. The cursor pOSition one the screen is gi­
ven by the Main Pointer. 

A character code loading flowchart example is given 
in figure 14. 

LOADING TWO SUCCESSIVE 3-BYTE CHARACTER CODES 
WITH SAME ATTRIBUTES IC1.Bl.All & IC2,Bl.All 
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PAGE MEMORY SELECTION 

In 40 char/row with the long code format, each cha­
racter window on the screen is associated with 3 
bytes in a page memory. As each displayed page 
contains up to 1000 windows (25 rows of 40 charac­
ters each), a page memory is made of three 1 Kbyte 
blocks. The first block holds the C bytes, the second 
one the B bytes and the last one the A bytes. 
As the EF9345 can address up to 16 Kbytes of ex­
ternal memory, a page memory address must be 

7 6 5 4 3 2 
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selected by the user with the following require­
ments: 
• the three blocks must be consecutive and lie in 

the same district, i.e. the two MSB Z3-Z2 of the 
block numbers must be the same 
the first block number must be even (ZO = 0). 

The base address of the page memory to be dis­
played on the screen, which is the first block num­
ber, is given in register ROR(5:7). As ZO is implicity 
0, it is not specified in ROR. 

o 

ROR (r -= 7) 

• • I ... 1 ---.-;.: S Origon row address 
l VOR c (8 to 31) 

'------------i~ Block o"gon leven) 

Example: with the displayed page memory starting 
from block number 4, Z3-Z2-Z1-Z0 = 0100 and 
ROR7-ROR6-ROR5 = 001. 
Notes: 1. Order of bits Z1-Z2 is reversed in ROR. 

2. Each page displayed by the EF9345 
comprises a service row, which is always 
displayed on the stop of the screen, and 
24 remaining rows. When accessing to 
the page memory, the service row num­
ber is Y = 0 and the remaining row num­
ber ranges from 08 to 31. Bits ROR(O:4) 
constitute the YOR origin register, which 
specifies the number of the first row dis­
played after the service row. By pro­
gramming YOR from 8 to 31, the user 
can realise roll-up and roll-down opera­
tion. 

USER DEFINED CHARACTER SET (UDS) 
In 40 char/row mode, the User Defined Character 
Set (UDS) allows the user to define additional cha­
racters whose shapes can be dynamically loaded 
into the external character generator. The EF9345 
can provide up to : 
• 100 alphanumeric type UDS character (G'o set) 
• 200 semi-graphic type UDS characters (G'1X set) 
• 800 quadrichrome UDS characters (00 to 

07 sets). 
Alphanumeric and semi-graphic UDS are bichrome 
characters, with the difference that only alphanume­
rics can be underlined. 

BICHROME UDS CHARACTERS 

The shape of a bichrome character is defined in a 8 
pixels by 10 lines dot matrix. Each line of the dot ma­
trix is coded in the external character generator by 
an 8 bit value, or a slice byte. So a bichrome UDS 
character is defined by 10 slice bytes. 

A slice byte value is obtained in the following way: 
on a line of the dot matrix, the dots defining the cha­
racter shape are coded by a "1", the other dots by a 
"0". This eight bit result is then order reversed to ob­
tain the value to be loaded into the external charac­
ter generator. Figure 15 shows a slice coding exam­
ple for a bichrome UDS character. 

OUADRICHROME UDS CHARACTERS 

An 8 pixels by 10 lines window displaying a quadri­
chrome character on the screen is composed byele­
mentary "dots" whose size is : 

2 pixels by 1 line for high resolution quadrichrome 
• 2 pixels by 2 lines for low resolution quadri-

chrome. 

Each dot can take one of the 4 colors selected by 
the palette A byte of the character code associated 
to the window. So a quadrichrome character shape 
is defined by a 4 * 10 or 4 * 5 dot matrix, with each 
dot coded bit a two-bit value. Each line of the dot 
matrix is coded by a slice byte in the external cha­
racter generator. A high resolution quadrichrome re­
quires 10 slice bytes to be defined, and a low reso: 
lution quadrichrome 5 slice bytes. 
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Figure 15 : Bichrome UDS Slice Coding Example. 

SLICE VALUE CARl CAR2 

Figure 16: Quadrichrome Slice Coding Example. 
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The 4 colors selected by the character code A byte 
are ordered. For example, if the A byte hexadecimal 
value is 5A, the 4 ordered colors are: 
• Red with the binary rank 00 
• Yellow with the binary rank 01 
• Blue with the binary rank 10 
• Cyan with the binary rank 11. 
A slice byte is obtained by assigning to each dot the 
binary rank of its color, with the value for the right 
dots placed in the most significant position of the 
slice byte. Figure 16 shows a slice coding example 
for a quadrichrome character. 

DOR REGISTER 
During the display process, the base address for 
each UDS character generator is given in DOR re­
gister (see figure 17) : 
• DOR(0:3) hold the number of the block which 

contains the alphanumeric UDS slices (G'o). 
• For semi-graphic UDS, the slice block number is 

given by DOR( 4:6) and bit 4 of the character code 
B byte. So for UDS G'lO the slice block number is 
even (B4 = 0) and the following block contains 
slices for UDS G'11 (B4 =1). 

• For each quadrichrome UDS (00 to 07), the slice 
block number is given by DOR7 and bits B(5:3) 
of the character code, which select also the set. 

ACCESS TO UDS SLICES IN MEMORY 
A UDS slice address in memory is given by : 

a block number Z(0:3) 
the character code C byte: C(0:6) 
the slice number NT. For bichrome and high re­
solution quadrichrome, NT ranges from 0 to 9. For 
low resolution, quadrichrome, NT ranges from 0 
to 9. For low resolution quadrichrome, NT ranges 
from a to 4 when K = 0 and from 5 to 9 when k = 1 
(k is in bit 2 of character code B byte). 

APPLICATION NOTE 

A UDS slice can be written into or read from the 
EF9345 private memory with the OCT command. 
This command uses register Rl for slice transfer 
and the Main or Auxiliary Pointer for slice addres­
sing. As the Main Pointer generally points to the cur­
sor position on the screen and is used for character 
code access, the Auxiliary Pointer should rather be 
used for slice access. Figure 18 shows how the 
Auxiliary Pointer value is obtained from the slice ad­
dress: 
• R4 holds bits C(2:6) of the character code and bit 

Z2 of the block number 
• R5 holds bits C(O:I), the slice number NT and bits 

ZO-ZI 
• Bit 6 of R6 holds bit Z3 of the block number. 

Figure 19 shows a flowchart example for loading 10 
slices. 

Note: As the slice number NT is not in the least si­
gnificant bits of R5, executing the OCT command 
with pointer incrementation does not result in slice 
number incrementation. 

SCREEN MAPPING WITH UDS CHARACTERS 

In 40 char/row mode, the screen is made of 1000 
windows. Each window can be assigned a UDS cha­
racter to obtain a likely bit-mapped screen and to 
produce complex pictures. Up to 300 screen win­
dows can be mapped with a 320 by 250 resolution 
and independant two color set in each window by 
bichrome characters. In the same way, quadri­
chrome characters allow mapping up to 800 (resp. 
1600) windows with a 160 * 250 (resp. 160 * 125) 
resolution and with a selectable four color set for 
each window. 
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Figure 17 : UDS Fetch to Display, 

MEMORY 
..L ..L 

t 8-~"'·'·~"~ 1 Kbyle G'o 
+ 7 6 5 4 3 2 , 0 

! Z3! Z3! Z2! Z, ! Z3! Z2! Z, ! Zo ! DOR register 

1 
r DOA G', (~;~;g,aPh" --- ~ G'1O Even block DOR Q DOR G', DOR G'O 

2 Kbytes 

~ Odd block 1 G'l1 

7 6 5 4 3 2 , 0 
CHARACTER 

4---- OOR Q (Quadrichrome) !,!x,x,x,x,x , X , X I LONG CODE H 

1 

BYTE 

00 

0, 
8 Kbytes 

j tJ 
1" 1" 

UDS Set Z Address 

# 87 86 85 Z3 Z2 Z, Zo 

G'o 1 0 0 DOR3 DOR2 DOR , DORo 

G'11 1 0 1 DOR6 DOR5 DOR. 84 

00-07 1 1 X DOR 7 85 83 84 E88-AN44 T -18 

Figure 18: Accessing a Character Slice in Memory Using Oct Command with Auxiliary Pointer. 

Rl Slice 

R2 -

R3 -

I I Z21 C6 
Y R4 - - C5 C4 C3 C2 I 1 .. 

I I I I I 

R5 I Zo I Z, 1 1 c, 
x J NT CO 

I I I I 

R6 [ ~ I Z3! - - - - - -
R7 I -- - - - - - - -

'----- E -AN44T-1 88 9 
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Figure 19: UDS Slice Loading Flowchart. 

LOOP FOR 
10 SLICES 

WRSLAL 
WRITE 10 SLICES INTO MEMORY 

INIT AUXILIARY POINTER (R4.R51 
WI rH SLICE NUMBER N r ~ u 

LOAD 'ocr COMMAND: 
bit 2 OF COMMAND CODE ~ p ~ 1 TO 

USE AUXILIARY POINTER 

LOAD A SLICE AND EXECUTE TRANSFER 
SLICE BYTE -Rl +8 

NOTE: BIT Z3 OF BLOCK NUMBER MUST BE INITIALIZED IN R6(6}' 

Note: Bit Z3 of block number must be initialized in R6(6). 

APPLICATION NOTE 

E88--AN44 T -20 
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PROGRAMMING EXAMPLE IN 40 CHAR/ROW 

PAGE 001 EF40 .SA:O 

00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 

00011 

00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 

00022 
00023 
00024 
00025 

00027 
00028 

00030A 1000 

00032 

F420 
F421 
F422 
F423 
F424 
F425 
F426 
f427 

f425 
f424 
f427 
f426 

4000 
3F80 

1000 

00034A 1000 10CE 4000 
00035A 1004 CE 3F80 

00037A 1007 86 
00038A 1009 B7 

00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 

00052A 100C BO 
00053A 100F 86 
00054A 1011 B7 
00055A 1014 56 
0OO56A 1016 B7 
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91 
F428 

100B 
00 
F421 
81 
F428 

A 
A 
A 
A 
A 
A 
A 
A 

A 
A 
A 

OPT LLE=110 

" 
" EF9345 PROGRAMMING EXAMPLE IN 40 CHAR/ROW 
" THIS PROGRAM IS. WRITTEN IN 6809 ASSEMBLER LANGUAGE. 
" AFTER INITIALIAZING THE EF9345 INDIRECT REGISTERS 
" AND CLEARING THE SCREEN, THE THOMSON LOGO OF FIGURE 15 
" AND THE UDS CHARACTER OF FIGURE 16 ARE DISPLAYED 
" ON THE SCREEN. 

" 
" EF9345 REGISTER ADDRESS 

RO EQU SF420 COMMAND/S rp.TUS REGISTER 

R1 EQU RO+1 DATA REGlnE:RS 
R2 EQU RO+2 
R3 EQU RO+3 
R'. EQU RO+4 AUXILIARY POINTER (Y) 

R5 EQU R0+5 AUXILIARY POINTER (X) 

R6 EQU R0+6 MAl N PO INTER (Y) 

R7 EQlJ RO+7 MAl N PO INTER (X) 

XA EQU R5 
YA EQU R4 
XP EQU R7 

A YP EQU R6 

A STACK EQU $4000 
A STACKU EQU STACK-128 

ORG $1000 

A NAIN EQU " 
A 
A 

A 
A 

A 
A 

A 
A 
A 

LOS flSTACK STACK INITIALIZATION 
LOU flSTACKU 

LOA /1$91 LOAD AND EXECUT E A "NOP" 
STA R0+8 WITHOUT TESTING BUSY 

" 
k TGS REGISTER INLTIALIlAT JON: 
" TGSO = 0 625 LINES (50 HZ) 
" TGS1 = 0 NOT INTE~_ACED 
" TGS2 = 0 HORIZONTAL RESY~JC. DISABLED 
* TGS3 = 0 VERTICAL RESYNC. DISABLED 
* TGS4 = 0 HORIZONTAL SYNC. ON ~VS/HS PIN AND 

* 
" TGS5 = 0 

VERTICAL SYNC. ON PC/VS PIN 
SERVICE ROW Y = 0 

COMMAND 

" TGSC7:6) 00 : 40 CHAR/ROW MODE, LONG CHAR CODE (3 BYTES) 

" 
JSR 
LDA 

STA 
LOA 
STA 

BUSY 
II SO 0 
R1 
IIS81 
RO+8 

LOAD VALUE INTO R1 

"Ir~D" COMr'IAND TO LOAD TGS (r=ll 
LOAD AND EXECUTE COMMAND. 



PAGE 002 EF40 

00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 

00067A 1019 90 
00068A 101 C 86 
00069A 101 E 87 
01J070A 1021 86 
00071 A 1023 87 

00073 
00074 
00075 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 

00085A 1026 80 
00086A 1029 86 
00087A 102B B7 
00088A 102E 86 
00089Al030 B7 

00091 
00092 
00093 
00094 
00095 
00096 

00098A 1033 80 
00099A 1036 86 
01J100A 1038 87 
00101 A 103B B6 
OD102A 1030 B7 

.SA:O 

100B 
4C 
F421 
82 
F428 

10DB 
7F 
F421 
83 
F428 

1008 
13 
Ff.21 
84 
F428 

A 
A 
A 
A 
A 

A 
A 
A 
A 
A 

.~ 

A 
A 
A 

APPLICATION NOTE 

* * MAT REGISTER INITIALIZATION : 
* MAT(2:0) 100: MARGIN COLOR = BLUE 
* MAT3 = 1 I SIGNAL IS HIGH DlIlING MARGIN PERIOD 
* MAT<5:4) 00, FIXED COMPLEMENTED CURSOR 
* MAT6 1 CURSOR DISPLAY ENABLED 
* MAT7 = a : NO ZOOM MODE 

* 

* 

JSR 
LOA 
STA 
LDA 
STA 

8USY 
#S4C 
Rl 
11582 
R0+8 

LOAD VALUE INTO Rl 

"I NO" COMMAND TO LOAD MAT (r=n 
LOAD AND EXECUTE COMr-AND. 

* PAT REGISTER INITIALIZATION: 
* PATO = 1 SERVICE ROW ENABLED 
* PATl 1 UPPER BULK ENABLED 
* PAT2 = 1 LOWER BULK ENABLED 
* PAT3 = 1 CONCEAL ENABLED 
* PAT<5:4) 11: I SIGNAL IS HIGH DURING THE 
* ACTIVE DISPLAYED AREA. 
* PAT6 1 FLASHING ENABLED 
* PAT7 0 40 CHAR/ROW MODE, LONG CODE 

* 

* 

JSR 
LOA 
STA 
LOA 
STA 

BUSY 
#$7F 
Rl 
11583 
RO+8 

LOAD VALUE INTO Rl 

"IND" COMMAND TO LOAD PAT (r=3) 
LOAD AND EXECUTE COMMAND. 

* DOR REGISTER INITIALIZATION: 
* DOR<3:Ol = 0011 : ALPHA UDS SLICES IN BLOCK 3 
* DOR(6:4) = 001 : SEMIGRAPHIC UDS SLICES IN BLOCKS 2 AND 3 
* DOR 1 = 0 : QUADRICHROME SLICES FROM BLOCK a 
* 

JSR 
LOA 
STA 
LOA 
STA 

BUSY 
11$13 
Rl 
#584 
RO+8 

LOAD VALUE INTO Rl 

"INO" COMMAND TO LOAD DOR (r=4) 
LOAD AND EXECUTE COMMAND. 
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PAGE 003 EF40 .SA:O 

00104 
00105 
00106 
00107 
00108 

00110A 1040 BD 
00111A 1043 86 
00112A 1045 B7 
00113A 1048 86 
00114A 104A B7 

00116 
00117 
00118 
00119 
00120A 104D 86 
00121A 104F 8E 
00122A 1052 BD 

00124 
00125 

00127A 1055 86 
00128A 1057 C6 
00129A 1059 ED 
00130A 105B 8E 

00132A 105E EC 
00133A 1060 C1 
00134A 1062 27 
00135A 1064 BD 
00136A 1067 6C 
00137A 1069 20 

10DB 
08 
F421 
87 
F428 

20 
0000 
lOEl 

03 
00 
C3 
1167 

C4 
04 
07 
1149 
41 
F3 

00139A 1068 33 42 

00141 
00142 

00144A 106D BD 
00145A 1070 86 
00146A 1072 B7 

00148A 1075 86 
00149A 1077 B7 
00150A 107A 86 
00151A 107C B7 
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lODB 
01 
F420 

26 
F427 
08 
F426 

A 
A 
A 
A 
A 

A 
A 
A 

A 
A 
A 
A 

* * ROR REGISTER INITIALIZATION: 
* ROR(4:0) = 01000 ORIGIN ROW = 8 
* ROR(7:5) = 000: DISPLAYED PAGE MEMORY STARTS FROM BLOCK 0 

* 

* 

JSR 
LDA 
STA 
LDA 
STA 

BUSY 
I/S08 
Rl 
I/S87 
R0+8 

LOAD VALUE INTO R1 

"IND" COMMAND TO LOAD ROR (r=7> 
LOAD AND EXECUTE COMMAND. 

* CLEAR PAGE MEMORY WITH ALPHANUMERIC SPACES 
* FOREGROUND AND BACKGROUND COLORS = BLACK 

* 
LDA 1/$20 
LDX I/S0000 CHAR CODE BYTES B & A 
JSR MPFILL 

* STORE SLICES FOR THE 4 CHARACTERS OF THE THOMSON LOGO. 
* CHARACTER CODE C BYTES ARE: $OO,SOl,S02,S03 

LOA 
LOB 
S10 
LOX 

I/S03 
I/S00 
,--U 
/lCAR1 

BLOCK NUMBER ZC3:0> 
INITIAL CHA R CODE C BYTE 
SAVE ACC. A & B INTO U STACK 
SLICE BUFFER ADDRESS 

A Ell 
A 

1068 

LDO 
CMPB 
BEQ 
JSR 
INC 
BRA 

O,U 
II SO 4 
ET2 
WRSLAL 
1,U 
ETl 

GET ARGUMENTS FOR WR SLAL 
SLICES LOADED FOR 4 CHAR? 
YES, BRANCH 

A 
A 

lOSE 

NO, LOAD TEN SLICES 
INCREMENT CHAR CODE C BYTE 

A ET2 LEAU 2,U UPDATE U POINTER 

A 
A 
A 

A 

A 
A 
A 

* WRITE THE 4 UDS CHAR CODES INTO PAGE MEMORY. 
* BACKGROUND = BLACK, FOREGROUND = WHITE: A BYTE = $70 

JSR 
LDA 
STA 

LDA 

STA 
LDA 
STA 

BUSY 
IlS01 
RO 

1138 

R7 
118 
R6 

LOAD "KRF" COMMAND WITH CURSOR INCREM. 
NO EXECUTI ON ! 

INIT MAIN POINTER TO [OLI..J'II:N 38". ON THE Fl 

ROW AFTER SERVICE ROW 

Gi SGS·THOMSON 
~ I ilim©DiI@rn~rn©1i'DiI@1Il0©$ 
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PAGE 004 EF40 .SA:O 

00153A 107F 86 80 A LOA #S80 STnRE CHAR CODE B BYTE INTO R2 

00154A 1081 87 F422 A STA R2 

00155A 1084 86 70 A LOA #S70 CHAR CODE A BYTE INTO R3 

00156A 1086 87 F423 A STA R3 

00158A 1089 86 00 A LOA #SOO WRITE THE UPPER LEFT CHAR 

00159A 1088 87 F429 A STA Rl+8 

00160A 108E BD 1008 A JSR BUSY 
00161 A 1091 4C INCA WRITE THE UPPER RIGHT CHAR 

00162A 1092 B7 F429 A STA Rl+8 
00163A 1095 BO 10DB A JSR BUSY 

0016~A 1098 86 26 A LOA 11311 INIT MAIN POINTER FOR THE 2 LOWER CHAR 

00166A 109A B7 F427 A STA R7 

00167A 1091> 86 09 A LOA #9 

00168A 109F B7 F426 A STA R6 Y=9 

00170A 10A2 86 02 A LOA #S02 WRITE THE 2 LOWER CHAR 
00171 A 10A4 B7 F429 A STA Rl+8 
00172A 10A7 BO 1008 A JSR BUSY 
00173A 10AA 4C INCA 
00174A HlAB B7 F429 A STA Rl+8 

00176 * LOAD THE 10 SLICES FOR THE QUAORICHROME CHARACTER 

00178A 10AE 86 03 A LOA IlS03 BLOCK NUMBER Z<3:Ol 
00179A 1080 C6 4B A LOB IIS4B CHAR CODE C BYTE 
00180A 10B2 8E 118F A LOX #QUADRI SLICE BUFFER ADDRESS 
00181A 10B5 BO 1149 A JSR WRSLAL 

00183 * WRITE THE QUADRICHROME CHAR COOE INTO PAGE MEMORY 
00184 * PALETTE = RED-BLUE-CYAN-WHITE : A BYTE = S02 
00185 * QUAORICHROME SET Q3, HIGH RESOLUTION (R=O) : B BYTE S08 
00186 * C BYTE = S4B 

00188A 10B8 Bo 100B A JSR BUSY 
00189A 10BB 86 14 A LOA 1120 INIT MAIN POINTER X=20 
00190A lOBO B7 F427 A STA R7 
00191 A lOCO 86 14 A LOA 1120 Y=20 
00192A 10C2 B7 F426 A STA R6 

00194A 10C5 86 01 A LOA #SOl 
00195A 10C7 B7 F420 A STA RO LOAD "KRF" COMMAND 
00196A 10CA 86 4B A LOA #S4B LOAD CHAR CODE C 8YTE INTO Rl 
00197A 10CC B7 F421 A STA Rl 
00198A 10CF 86 08 A LOA #SDII CHAI/ CODE B iHI~ INIO 1/2 
00199A 1001 B7 F422 A STA R2 
00200A 1004 86 02 A LOA 11502 CHAR CODE A BYTE INTO R3 AND 
00201 A 1006 87 F42B A STA R3+8 EXECUTE TRANSFER COMMAND 

00203A 1009 20 FE 1009 HERE BRA HERE 
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PAGE 005 EF40 .SA:O 

* 00205 
00206 
00207 

* BUSY: TEST BUSY STATE IN STATUS REGISTER BIT 7. 

00209 
00210A 10DB 7D 
00211A 10DE 2B 
00212A 10EO 39 

00214 
00215 
00216 
00217 
00218 
00219 
00220 

00222 

00224A 10E1 BD 
00225A 10E4 B7 
00226A 10E7 BF 

00228A 10EA 4F 
00229A 10EB B7 
00230A 10EE B7 

00232A 10F1 86 
00233A 10F3 B7 

o 0235A 10F6 8E 
00236A 10F9 30 
00237A 10FB 26 

00239A 10FD 86 
00240A 10F F B7 

00242A 1102 39 
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* 
10DB A BUSY EQU 
F420 A TST 
FB 10DB Bill 

RTS 

* 
• IIPFIll 

* 
* 
* 
* 
* 

10E1 A MPFIll EQU 

10DB A JSR 
f421 A STA 
F422 A STX 

ClRA 
F426 A STA 
F427 A STA 

05 A lDA 
F428 A STA 

0700 A lDX 
1F II FIlL30 lEA X 
FC 10F9 IlNE 

91 A lDA 
F428 A STA 

RTS 

* 
RO 
BUSY lOOP IF BIT 7 = 1 

FIll THE 3-BlOCK PAGE IIEIIORY STARTING FROII BLOCK 0 
WITH THE SAllE lONG CHARACTER CODE 
ENTRY : THE 1RST BLOCK IS FILLED WITH ACC. A CONTENTS 

THE 2ND BLOCK WITH X REG. (IISB) CONTENTS 
THE 3RD BLOCK WITH X REG. (lSB) CONTENTS. 

* 
BUSY TEST BUSY STATUS 
R1 STORE CHAR CODE INTO R1,R2,R3 
R2 

INIT llAIN POINTER TO THE BEGINNING 
R6 OF THE SERVICE ROW : R6 = R7 = O. 
R7 

II SO 5 lOAD AND EXECUTE "ClF" COllllAND 
R0+8 

112000 
-1,X WAIT ABOUT 15 IIIlLISECONDS 
FllL30 

IIS91 EXECUT E II "NOP" COl'lllAND 
R0+8 TO ABORT "ClF" 



APPLICATION NOTE 

PAGE 006 EF40 .SA:O 

00244 * 
00245 * AXPNT AUXILIARY POINTER SET SUBROUTINE 
00246 * ENTRY ACC.A = o-o--O-0-Z3-Z2-l1-z0 
00247 * ACC.B = o-C6-C5-C4-C3-C2-C1-CO, WHERE C(0:6) 
00248 * IS BYTE C OF CHAR. CODE 
00249 * EXIT : R4 = YA = G-O-Z2-C6-C5-C4-C3-C2 
00250 * R5 = XA" = Zo-Z1-o--0-0-0-C1-CO 
00251 * R6(6)=YPC6)=z3 
00252 * OPERATION TEMPORARY STORAGE ~ 

00253 * I'ICO,S) = zo--Z1-o--o--0·-o--0-0 
00254 * 1m,S) - o-o--Z2-o--o--0-o--0 
00255 * I'IC2,S) = 0-0-0-0-z3-Z2-Z1-Z0 
00256 * M(3,S) = o-C6-C5-C4-C3-C2-C1-CO 
00257 * 
00258 1103 A AXPNT EQU * 
00260A 1103 32 7C A LEAS -4,S RESERVE 4 BYTE TEMPORARY STORAGE 
00261 A 1105 ED 62 A STO 2,S SAVE ARGUMENT A & B. 

00263A 1107 5F CLRB 
00264A 1108 46 RORA 
00265A 1109 46 RORA 
00266A 110A 46 RORA CY=Z2,A7=Z1,A6=ZO. 
00267A 110B 56 RORB B7=Z2 
o 026 SA 110C 49 ROLA 
00269A 1100 56 RORB B7=Z1,B6=Z2 
00270A 110E 49 ROLA 
00271 A 110F 56 RORB B7=ZO,B6=Z1,B5=l2 
00272A 1110 1F 98 A TFR B,A DUPLICATE RESULT INTO ACC.A 

00274A 1112 C4 20 A ANOB "120 B = 0-0-Z2-0-0-0-0-0 
00275A 1114 84 co A ANOA lISCO A = zo--Z1-o--0-0-0-0-0 
00276A 1116 ED E4 A STO O,S SAVE A & B 

00278A 1118 BO 100B A JSR BUSY 
00279A 111B E6 63 A LOB 3,S RESTORE INITIAL ARGUMENT 
00280A 1110 c4 03 A ANOB "$(]3 KEEP ONLY THE 2 LSB 
00281A 111F EA E4 A ORB O,S B = zo--Z1-o--0-o--0-C1-CO 
00282A 1121 F7 F425 A STB R5 STORE INTO R5=XA 
00283A 1124 E6 63 A LOB 3,S 
00284A 1126 54 LSRB 
00285A 1127 54 LSRB B = 0-0-0-C6-C5-C4-C3-C2 
00286A 1128 EA 61 A ORB 1,S B = 0-0-Z2-C6-C5-C4-C3-C2 
00287A 1i2A F7 F424 A STB R4 STORE INTO R4 = YA 
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PAGE 007 EF40 .SA:O 

00289A 1120 A6 62 A LOA 2,S RESTORE Z3-Z0 ARGIJt1ENT 
00290A 112F 84 08 A ANDA 11$08 TEST Z3 
00291A 1131 27 DB 113E BEQ AXPNT5 
00292A 1133 B6 F426 A LDA YP Z3=1 : YP( 6)=1. 
00293A 1136 SA 40 A ORA 11$40 
00294A 1138 B7 F426 A STA YP 

00296A 113B 32 64 A LEAS 4,S UPDATE STACIC POINTER 
00297A 1130 39 RTS 

00299A 113E B6 F426 A AXPNT5 LOA YP Z3=0 : YP(6)=0. 
0030DA 1141 84 BF A ANDA IISBF 
00301A 1143 B7 F426 A STA YP 

00303A 1146 32 64 A LEAS 4,S UPDATE STACIC POINTER 
00304A 1148 39 RTS 
00305 * 
00306 * WRSLAL : WRITE 10 UDS SLICES. 
00307 * ENTRY ACC.A = 0-0-O-o-Z3-Z2-Z1-Z0, WHERE z(3:0) IS 
00308 * BASE ADDRESS FOR UDS SLICES. 
00309 * ACC.B = o-C6-C5-C4-C3-C2-C1-CO, WHERE C(0:6) IS 
00310 * BYTE C OF CHAR CODE 
00311 * X POINTS TO THE SLICE BUFFER. 
00312 * EXIT A & B DESTROYED 
00313 * X = X + 10. 
00314 * 
00315 * AUXILIARY POINTER IS USED : BIT 2 = p OF 
00316 * "BYTE LOAD" COMMAND =1 

00318A 1149 BD 1103 A WRSLAL JSR AXPNT SET AUXILIARY POINTER. 

00320A 114C 86 34 A LDA 11$34 "BYTE WRITE COMMAND " 
00321A 114E B7 F420 A STA RO STORE COMMAND WITHOUT EXEC. 
00322A 1151 C6 OA A LDB 1110 INIT LOa> COUNTER FOR 10 SLICES. 

00324A 1153 A6 80 A WRSLA1 LDA O,X+ STORE A SLICE AND EXECUTE 
00325A 1155 B7 F429 A STA R1+8 TRANSFER INTO MEMORY 
00326A 1158 BD 10DB A JSR BUSY 

00328A 115B 86 04 A LDA 11504 INC. SLICE CNTER = R5(5:2) 
00329A 1150 BB F425 A ADDA R5 
00330A 1160 B7 F425 A STA R5 

00332A 1163 5A DECB DEC. LOa> COUNTER 
00333A 1164 26 ED 1153 BNE WRSLA1 

00335A 1166 39 RTS 
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PAGE 008 EF40 .SA:O 

00337 * 
00338 * SlICE VAlUES FOR UOS CHARACTERS OF FIGlRE 15 
00339 
00340A 1167 
00341A 1171 
00342A 117B 
00343A 1185 
00344 

20 
04 
07 
EO 

* 
A CAR1 FCB 
A CAR2 FCB 
A CAR3 FCB 
A CAR4 FCB 

* 

S20,S38,S3C,S3E,S3F,S3F,S1F,S1F,SOF,SOF 
S04,S1C,S3C,S7C,SFC,SFC,SF8,SF8,SFO,SFO 
S07,SC7,SE3,SF3,SF9,SFC,SFC,SF8,SEO,S80 
SEO,SE3,SC7,SCF,S9F,S3F,S3F,S1F,S07,S01 

00345 * SLICE VALUES FOR QUADRICHROME CHARACTER (FIGlRE 16) 

* 00346 
00347A 118F 9r A QUADRI FCB 

00349 END 
TOTAL ERRORS 00000--00000 
TOTAL WARNINGS OOOPO--oOOOO 

PROGRAMMING THE EF9345 IN 80 
CHAR/ROW MODE 

CHARACTER CODE (figures 20 and 21) 

In 80 char/row mode, the screen is made of 25 or 
21 rows of 80 characters. 

Each character is displayed in a 6 pixels by 10 lines 
window, which is associated with a character code 
in a page memory. 

For a page, one of two character code formats must 
be selected: 
• Long codes (12 bits), which consist of a C byte 

and an attribute A nibble. 
• Short codes (8 bits), which consist of only a C byte 

(see figure 20). 

With short codes, the C byte selects one of the 128 
intemal alphanumeric characters (Go set), and cha­
racters are displayed without attributes. 

Long code format provides an additional 1024 mo­
saic character set and four attributes: D (color se­
lect), N (negative), U (underline) and F (flash). For 
each character, the foreground/background colors 
and the insert attribute are selected by bits D and N 
from the values programmed in DOR and MAT 
registers. 

S9C,S5A,SA3,S6A,SA9,SBE,S92,SEB,S29,SB6 

PAGE MEMORY 
With long character code format, a page memory 
consists of three 1 Kbyte blocks. The same rules as 
in 40 char/row mode apply to page memory selection. 
The first (resp. second) block holds the C bytes of the 
characters in even (resp. odd) position on the rows. 
Every two consecutive characters have their A nibble 
concatened to make a byte stored in the third block. 
Short character codes are similarly packed in two 
consecutive blocks which hold only C bytes. 

ACCESS TO CHARACTER CODE 
KRL command performs long character code trans­
fer between registers R1-R3 and the memory. R1 is 
used for C byte transfer and R3 for A nibble trans­
fer. When loading a character code, the A nibble 
must be repeated in R3. 

KRC command is similarly used for short character 
code access between R1 and the memory. 

Both KRL and KRC commands use the Main Poin­
ter (R6, R7) for memory addressing. With a page 
memory starting from block number Z(0:3), R6 holds 
the Y row number and Z3-Z2. As the character po­
sition on a row is given by X(0:5) and ZO, it must be 
transcoded to obtain the R7 value with ZO-Z1 in the 
most significant bits (see figure 22). 
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Figure 20 : 80 Char/Row Character Code. 

6 4 3 o 3 

--------------­C 

ALPHANUMERIC CHAR CODE 

N = Negative 
F = Flash 
U ~ Underline 
D = Color set 

128 ALPHANUMERICS 
In GO set. 

Figure 21 : Color Selection. 

65432 0 

DaR i, I B, I G, I R, I io I So I Go I RO I 
--------I ~ 

Cl I Co 
I 
I 
I _0=' __ 1_0=0_ 
I 
I 

The pixel shift frequency is fClK (12 MHz). 

28/38 

288 

o 6 5 4 o 

~ 
C 

o 
I 
2 
3 
4 
5 
6 
7 
8 
9 

MOSAIC CHAR CODE 

I 3 pels I 3 pels I ... .... ... 
i 

co CI 

C2 C3 

C4 C5 

C6 Al 

A2 A3 

3 2 

A 

DEDICATED 

MOSAIC 
SET 

o 

E88-AN44 T -21 

BACKGNO FOREGNO 
0 N i 

COLOR COLOR 

0 0 CM Co iO 

0 1 Co CM ,0 

, 0 CM Cl il , 1 C, CM il 

E88-AN44T -22 
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Figure 22 : Transcoding an Horizontal Screen Location into a R7 Pointer. 

7 6 543 2 o 

I bl I X5 , X41 X3, X2 1 XI I XO I bO I ------­Character position (0 to 79) 

Rotate right ... 
7 6 5 4 3 2 o 

I bO I bl I X5, X4 I X3 1 X2 I XI I XO I 
! X.~'o'" 

Block parity E88-AN44 T -23 
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PROGRAMMING THE EF9345 IN 80 CHAR/ROW MODE 

PAGE 001 EF80 .SA:O 

00001 

00003 
00004 
00005 
00006 
00007 
00008 
00009 

00011 

00013 F420 
00014 F421 
00015 F422 
00016 F423 
00017 F424 
00018 F425 
00019 F426 
00020 F427 

00022 F425 
00023 F424 
00024 F427 
00025 F426 

00027 4000 
00028 3F80 

0OO3OA 1000 

00032 1000 

00034A 1000 10CE 4000 
00035A 1004 CE 3F80 

00037A 1007 86 91 
0OO38A 1009 B7 F428 

00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 

00052A 100t BD 
00053A 100F 86 

00054A 1011 B7 
00055A 1014 86 
00056A 1016 B7 
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10D2 
cO 
F421 
81 
F428 

OPT LLE=110 

,. 
,. EF9345 PROGRAMMING EXAMA...E IN 80 CHAR/ROW 
* THIS PROGRAM IS WRITTEN IN 6809 ASS8'lBlER LANGtMGE. 
* AFTER INDIRECT REGISTERS INITIALIZATION, TWO 
* CHARACTER STRINGS ARE DISPLAYED AND A ROLL-UP 
* OPERATION IS MADE. 

* 
* EF9345 REGISTER ADDRESS 

A RO EQU SF420 COMMAND/STATUS REGISTER 
A R1 EQU R[)fo1 DATA REGISTERS 
A R2 EQU R[)fo2 
AR3 EQU R[)fo3 
A R4 EQU R[)fo4 AUXILIARY POINTER (Y) 
A R5 EQU R[)fo5 AUXILIARY POINTER (X) 
A R6 EQU R[)fo6 MAIN POINTER (Y) 
A R7 EQU R[)fo7 MAIN POINTER (X) 

A XA EQU R5 
A YA EQU R4 
A XP EQU R7 
A YP EQU R6 

A STACK EQU $4000 
A STACKU EQU STACK-128 

ORG $1000 

A MAIN EQU ,. 

A LDS 'STACK STACK INITIALIZATION 
A LDU .STACKU 

A LDA .S91 LOAD AND EXECUTE A "NOP" COMMAND 
A STA R[)fo8 WITHOUT TESTING BUSY 

* * TGS REGISTER INITIALIZATION : 
,. TGSO = 0 625.LINES (50 HZ) 
* TGS1 = 0 NOT INTERLACED 
,. TGS2 = 0 HORIZONTAL RESYNC. DISABLED 
* TGS3 = 0 VERTICAL RESYNC. DISABLED 
* TGS4 = 0 HORIZONTAL SYNC. ON HVS/HS PIN AND 
* VERTICAL SYNC. ON PC/VS PIN 
,. TGS5 = 0 : SE~ICE ROW Y = 0 
* TGS(7:6) = 11 : 80 CHAR/ROW MODE, LONG CHAR CODE (12 BITS) ,. 

A 
A 

A 
A 
A 

JSR 
LDA 

STA 
LDA 
STA 

BUSY 
.seD 
R1 
.$81 
R[)fo8 

LOAD VALUE INTO R1 

"IND" COMMAND TO LOAD TGS (r=1) 
LOAD AND EXECUTE COMMAND. 

L'W'I SGS·THOMSON 
OJ, IiiIOcmmn.IiC'II!j@ll!]OC3 
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PAGE 002 EF80 .SA:O 

00058 * 
00059 * MAT REGISTER INITIALIZATION : 
00060 * MAT(2:0) = 100 : MARGIN COLOR = BLUE 
00061 * MAT3 = 1 : I SIGNAL IS HIGH DURING MARGIN PERIOD 
00062 * MAT(5:4) = 00 : FIXED COMPLEMENTED CURSOR 
00063 * MAT6 = 1 : CURSOR DISPLAY ENABLED 
00064 * MAT7 ~ 0 : NO ZOOM MODE 
00065 * 
00067A 1019 BD 10D2 A JSR BUSY 
00068A 101 C 86 4C A LDA IISitC LOAD VALUE INTO R1 
00069A 101 E B7 F421 A STA R1 
00070A 1021 86 82 A LDA . IIS82 "IND" COMMAND TO LOAD MAT (r=2) 

00071A 1023 B7 F428 A STA R0+8 LOAD AND EXECUTE COMMAND. 

00073 * 
00074 * PAT REGISTER INITIALIZATION : 
00075 * PATO = 1 SERVICE ROW ENABLED 
00076 * PAT1 = 1 : UPPER BULK ENABLE' 
00077 * PATZ = 1 : LOWER BULK ENABLED 
00078 * PAT3 = 1 : CONCEAL ENABLED 
00079 * PAT(5:4) = 11 : I SIGNAL IS HIGH DliUNG THE 
00080 * ACTIVE DISPLAYED AREA. 
00081 * PAT6 = 1 FLASHING ENABLED 
00082 * PAT7 = a 80 CHAR/ROW MODE, LONG CODE 
00083 * 
00085A 1026 BD 10D2 A JSR BUSY 
00086A 1029 86 7F A LDA IIS7F LOAD VALUE INTO R1 
00087A 102B B7 F421 A STA R1 
00088A 102E 86 83 A LDA 11$83 "IND" COMMAND TO LOAD PAT (r=3) 
00089A 1030 B7 F428 A STA R0+8 LOAD AND EXECUTE COMMAND. 

00091 * 
00092 * DOR REGISTER INITIALIZATION : 
00093 * DOR(3:0) = 1111 : COLOR co = WHITE 
00094 * DOR(7:4) = 1000 : COLOR C1 = BLACK 
00095 * INSERT ATTRIBUTE ; IS SET FOR ANY CHARACTER. 
00096 * 
00098A 1033 BD 10D2 A JSR BUSY 
00099A 1036 86 8F A LDA IIS8F LOAD VALUE INTO R1 
00100A 1038 B7 F421 A STA R1 
00101A 103B 86 84 A LDA IIS84 "IND" COMMAND TO LOAD DOR (r=4) 
00102A 103D B7 F428 A STA -R0+8 LOAD AND EXECUTE COMMAND. 
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PAGE 003 EF80 .SA:O 

00104 * 
00105 * ROR REGISTER INITIALIZATION : 
00106 * ROR(4:0) = 01009 : ORIGIN ROW = 8 
00107 * ROR(7:5) = 001 : DISPLAYED PAGE JIIEMORY STARTS FROM BLOCK 0 
00108 * 
00110A 1040 BD 10D2 A JSR BUSY 
00111A 1043 86 28 A LDA 11$28 LOAD VALLE INTO R1 
00112A 1045 B7 F421 A STA R1 
001BA 1048 86 87 A LDA 11$87 "IND" COM""'ND TO LOAD ROR (r=7) 

00114A 104A B7 F428 A STA R0+8 LOAD AND EXECUTE COM""'ND. 

00116 * 
00117 * CLEAR PAGE JllEJIIORY WITH ALPHANUMERIC SPACES 
00118 * BACKGROUND COLOR = CM (MARGIN COLOR) 
00119 * 
00120A 104D 86 20 A LOA 11$20 C BYTE FOR EVEN POSITION CHAR. 
00121A 104F 8E 2000 A LDX 11$2000 C BYTE FOR ODD POSITION AND A Nmll..ES 
00122A 1052 C6 04 A LDB 114 PAGE JllEJIIORY FIRST BLOCK NUMBER 
00123A 1054 BD 1008 A JSR JIIPFILL 

00125 * WRITE "ABCD ..... WITH FLASH AND NEGATIVE ATTRIBUTES 
00126 * ATTRIBUTE BITS (D,N)=01 : 
00127 * BACKGROUND COLOR = CO DEFINED IN DOR 
00128 * FOREGROUND COLOR = CM (MARGIN COLOR) 

00130A 1057 BD 10D2 A JSR BUSY 
00131A 105A 86 51 A LDA 11$51 LOAD "KRL" COMI'IIINO WITH 
00132A 105C B7 F420 A STA RO CURSOR INCREMENTATION 

00134A 105F 86 28 A LOA 11$28 INIT ""'IN POINTER (CURSOR) 
00135A 1061 B7 F426 A STA R6 
00136A 1064 86 00 A LOA IlSOO 
00137A 1066 B7 F427 A STA R7 

00139A 1069 86 CC A LOA IISCC LOAD ATTRIBUTE NIBBLE (REPEATED 
00140A 1068 B7 F423 A STA R3 INTO R3). 

00142A 106E C6 OA A LDB 1110 LOOP COUNTER FOR 10 CHARACTERS 
00143A 1070 86 41 A LDA li'A FIRST CHAR CODE C BYTE 

00145A1072 B7 F429 A LOOP STA R1+8 STORE C.C. C BYTE AND EXEC COMJllAND 
00146A 1075 4C INCA INCREMENT C BYTE 
00147A 1076 BD 10D2 A JSR BUSY 
00148A 1079 5A DEeB DEe LOOP COUNTER 
00149A 107A 26 F6 1072 BNE LOOP 
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PAGE 004 EF80 .SA:O 

00151 
00152 
00153 

* WRITE '"KLI'I •••• '" WITH UNDeRLINING 
* (D,N) = (0,0) : BACKGROUND COLOR = CM 
* FOREGROUND COLOR = CO 

00155A 107C 86 2A 
00156A 107E B7 F426 
00157A 1081 86 00 
00158A 1083 B7 F427 

00160A 1086 86 22 
00161 A 1088 B7 F423 

A 
A 
A 
A 

A 
A 

LOA 
STA 
LOA 
STA 

LOA 
STA 

00163A 1088 C6 
00164A 108D 86 

OA A LDB 

00166A 108F B7 
00167A 1092 4C 
00168A 1093 BD 
00169A 1096 5A 
00170A 1097 26 

4B A LOA 

F429 A LOOP1 STA 
INCA 

1002 A JSR 
DECB 

F6 108F BNE 

#S2A 
R6 
II$(] 0 
R7 

1IS22 
R3 

1110 
II'K 

R1+8 

BUSY 

LOOP1 

INIT CURSOR 

ATTRIBUTE Nmlll.E INTO R3 

00172 * ROLL-UP OPERATION EXAMPLE 

00174A 1099 BD 10D2 A JSR BUSY 

00176A 109C 86 8F A 
A 

LOA 
STA 

IIS8F 
R0+8 

EXECUTE "IND" COMMAND TO READ ROR REGISTE 
00177A 109E B7 F428 

00179A 10A1 BD 10D2 
00180A 10M B6 F421 

00182A 10A7 C6 87 
00183A 10A9 F7 F420 

A 
A 

A 
A 

JSR 
LOA 

LDB 
STB 

00185 10AC A LOOP3 EQU 

00187A 10AC B7 
00188A 10AF BD 
00189A 1082 BD 
00190A 1085 4C 
00191A 1086 34 
00192A 1088 84 
00193A 10BA 81 
00194A 10BC 35 
00195A lOBE 26 

00197A 10CO 84 
00198A 10C2 88 
00199A 10C4 20 

Oft201 
00202A 10C6 34 
00203A 10C8 8E 
00204A 10CB 30 
00205A 10CD 26 
00206A 10CF 35 
00207A 1001 39 

F429 A 
1002 A 
10C6 A 

02 A 
1F A 
1F A 
02 A 
EC 10AC 

EO A 
08 A 
E6 10AC 

10C6 
10 
FfFF 
1F 
FC 
10 

A WAIT 
A 
A WAIT1 
A WAIT2 

10CB 
A 

STA 
JSR 
JSR 
INCA 
PSHS 
ANOA 
CMPA 
PULS 
BNE 

ANDA 
ADDA 
BRA 

EQU 
PSHS 
LOX 
LEAX 
BNE 
PULS 
RTS 

BUSY 
R1 

#S87 
RO 

* 
R1+8 
BUSY 
WAIT 

A 
flS1F 
1131 
A 
LOOP3 

IISEO 
fl8 
LOOP3 

* 
X 
#SFFFF 
-1,x 
WAlT2 
X 

COMMAND EXECUTED? 
READ RESULT FROM R1 

STORE "IND" COMI'IAND FOR LOADING ROR 

STORE VALUE TO BE LOADED INTO ROR 

TEMPO 

YOR = ROR(4:0> = 31 ? 

IF YOR=31, SET YOR=8 
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PAGE 005 EF80 

00209 
00210 
00211 

00213 
00214A 10D2 7D 
00215A 10D5 2B 
00216A 10D7 39 

00218 
00219 
00220 
00221 
00222 
00223 
00224 

00226 

00228A 10D8 BD 
00229A 10DB B7 
00230A 10DE BF 

00232A 10E1 4F 
00233A 10E2 B7 
00234A 10E5 B7 

0023611 10E8 86 
0023711 10EII B7 

00239A 10ED 8E 
0024011 10FO 30 
00241A 10F2 26 

.SA:O 

* * BUSY : TEST BUSY IN STATUS REGISTER RO(7) 

* 
1002 A BUSY EQU * 
F420 A TST RO 
FB 1002 BMI BUSY LOOP IF BIT 7 = 1 

10D8 

10D2 
F421 
F422 

F426 
F427 

05 
F428 

0700 
1F 
FC 

RTS 

* * MPFlLL FILL THE 3-BLOCK PAGE MEMORY STARTING FROM BLOCK 0 
* WITH THE SAME LONG CHARACTER CODE 
* ENTRY: ·THE 1RST BlOCK IS FILLED WITH ACC. A CONTENTS 
* THE 2ND BLOCK WITH X REG. (MSB) CONTENTS 
* THE 3RD BLOCK WITH X REG. (LSB) CONTENTS. 

* 
A MPFlLL EQU * 
A 
A 
A 

II 
A 

A 
A 

JSR 
STII 
STX 

CLRA 
STA 
STA 

LDA 
STA 

A LOX 
A FlLL30 lEAX 

10FO BNE 

BUSY 
R1 
R2 

R6 
R7 

(lS05 
ROt8 

(12000 
-1,X 
FllL30 

TEST BUSY STATUS 
STORE CHAR CODE INTO R1,R2,R3 

INIT MAIN POINTER TO THE BEGINNING 
OF THE SERVICE ROW : R6 = R7 = O. 

LOAD AND EXECUTE "ClF" COM MAN D 

WAIT ABOUT 15 MILLISECONDS 

00243A 10F4 86 91 A 
II 

LDII 
STII 

(1$91 

ROt8 
EXECUTE A "NOP" COMMAND 
TO ABORT "CLF" 00244A 10F6 B7 F428 

0024611 10F9 39 

00248 
TOTAL ERRORS OOOOQ--{)OOOO 
TOTAL WARN INGS OOOOQ--{)OOOO 
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c.n 

~ 
R~ 
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@. 

~i! !O 
~I 
~O 
~Z 

'" ~ 
ClO 

COMMAND TABLE 

Type 

Irdirect 

40 Characters - 24 Bits 

40 Characters - 16 Bits 

80 Characters - 8 Bits 

80 Characters - 12 Bits 

40 Characters Variable 

Expansion 

Compression 

Expanded Characters 

Byte 

Move Buffer 

Move Double Buffer 

Move Triple Buffer 

Clear Page (4) - 24 Bits 

Clear Page (4) - 16 Bits 

VerticeJ Sync Mask Set 

Vertical Sync Mask Reset 

IrcrementY 

No Operation 

B •• 

Pointer Select 
, : Auxiliary Pointer 
o : Main POinter. 

Source Destination 

Memo 
7 

INO I 

KRF 0 

KRG 0 

KRC 0 

KRL 0 

KRV 0 

EXP 0 

CMP 0 

KRE 0 

OCT 0 

MVB 1 

MVD 1 

MVT 1 

CLF 0 

CLG 0 

VSM 1 

VRM 1 

INY 1 

NOP 1 

a.a 

01 : Source. MP ; Destination. AP 
1 0 : S curee • AP ; Destination. mP 
Stop Condition 
0' : Slap at End of Buffer 
, 0 : No Stop 

Indirect Register Number 

Code 

6 5 4 

0 0 0 

0 0 0 

0 0 0 

1 0 0 

1 0 1 

0 1 0 

1 1 0 

1 1 1 

0 0 1 

0 1 1 

1 0 1 

1 1 0 

1 1 1 

0 0 0 

0 0 0 

0 0 1 

0 0 1 

0 1 1 

0 0 1 

W 
PW(~. YW) 
X 
XF 
I 
D 
MP 
AP 

Parameter Status 

3 2 1 0 AI LX m LX, R 17 

R/W- r - 0 0 

A/W 0 0 I X X 

R/WO 1 1 X X 

R/W 0 0 1 X X 

R/W 0 0 1 X X 

R/W 0 0 1 X X 

0 0 0 0 X 0 

0 0 0 0 X 0 

R/W 0 0 I X X 

R/W P 0 I X X 

S ! a a 0 0 

s i a a 0 0 

S t 11: a 0 0 

0 1 0 1 X X 

0 1 1 1 X X 

1 0 0 1 0 0 

0 1 0 1 - -
0 0 0 0 0 0 

0 0 0 1 - -

Not Afflocted 
Used as Working Register 
Workln, BuNer 
Sat or R86et 
X File 
Pointer Incremantation 
Data 
Main Pointer 
Auxiliary Pointer, 

0 0 

0 0 

0 0 

0 0 

0 0 

X X 

X 0 

X 0 

0 0 

X 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

- -
0 0 

- -

Arguments Execution Time (1) 

R1 R2 R3 R4 R5 R6 R7 Write R .. d 

D - - - - MP 2 3.5 

C B A - - MP 4 7.5 

A' B' W - - MP 5.5 7.5 

C - - - - MP 9 9.5 

C - A - - MP 12.5 11.5 

C B A - XF MP (2) 3 + 3 + j 3.5+S*j 

C B A PW XF MP (3) < 247 -
C B A PW XF MP (3) < 402 -
C B A PW - MP 4 7.5 

D - - AP MP 4 4.5 

W - - AP MP (2) 2 + 4.n -
W - - AP MP (2) 2 + B.n -
W - - AP MP (2) 2 + 12.n -
C B A - - MP < 4700 (1 K code) -
A' B' W - - MP < 5800 (1 K code) -
- - - - - - - 1 -
- - - - - - - 1 -
- - - - - y - TBD -
- - - - - - - 1 -

(I) Unit: 12 clock periods (- 1 .,.5) without possible suspension. 
(2) n: total number of words s 40 ; J _ , lor long codes. j _ 0 

for short codas. 
(3) Worst case (20 long code. + 20 .hon cod •• ). 
(4) These commands repeat KRF or KRG with V incr.mentatlon 

when X overflows. When the lasl position ia reached In a 
row. Y is incremented and tha process starts again on the 
next row. These commands SlOp only with abOrt. 

» 
"tJ 
"tJ ... 
~ 
-I 
(5 
Z 
Z 
o 
-I 
m 
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y =10,1 ;810311 

I dl I d'l I dO I , I 3 I 2 I' 10 R6 

X "'0 to 39 

I bO I bl 15 I' 1 3 12 I' 10 R7 

CHAR CODe PAT7 

40 CHAR LONG 0 

40 CHAR VAA 0 

40 CHAR SHORT , 
so CHAR LONG 0 

80 CHAR SHORT a 

INSERT MODE 

INLAY 

BOXING 

CHARACTER MARK 

ACTIVE AREA MARK 

CU RSOR DISPLAY MODE 

FIXED COMPLEMENTED 

FLASH COMPLEMENTED 

FIXED UNDERLINED 

FLASH UNDERLINED 

DOR in 40 char/row 

4 

POINTERS 

MAIN 

POINTER 

y' '" (0,1 ; 8 to 311 

X' ""Ol039 

I b'OI b'l I 5 I ' 1 3 I 2 I' 1 0 R5 

AUXILIARY 

POINTER 

INDIRECT REGISTERS 

TGS7 TGSs 

0 0 

a , 
a 0 

1 1 

1 0 

PATS PAT4 

0 0 

0 , 
1 0 , , 

MAT5 MAT, 

0 0 , 0 

0 , 
, 1 

o 

7 6 5 

I z31 z, I 221 ROR Ir ~ 71 

~ 

• ~ I Origin row address 

YOR ,,-(8 t0311 

'--________ ~,..,.. Block origin levenl 

I Service row select Ir-------.... ~ IV ~ '/01 

• 
5 

TGS (r 0 11 

J I L~L. __ 1 1"''''''-~ Interlaced 

Horizontal resVnc enable 

Vertl!:al resync enable 

l 
I 

... lTL~ 

Sync oul pins configuration 

11 : Composite sync i' 
phase comparator 

o V sync + H sync 

PAT Ir ~ 31 

Service row enable 

Upper bulk enable 

Lower bulk enable 

Conceal enable 

F lash enable 

MAT Ir = 21 

.1[_1 -~ Margin color 

Margin insert 

Cursor displav enable 

Double height 

NOTA: PROGRAMMING BIT VALUE 

1 = True 
0= False 

DOR in 80 chilrlrow 

6 

'1 I B, I G, 1 Rl ! '0 I BO I Go I AO I 
-...- ~ 

Cl: Co 
DOR Q DOR G', DOA G'o 

E88-AN44T -25 
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40 Char/Row Fixed Long Codes 

OUAORICHROME CODE BICHROME CODE 
6 5 4 3 2 o 6 5 4 3 0 

I-I I caYTE 

I ILlmlHlil BBYTE 

-------1 11~::-~: Doublewidth 

; TVpe end set 

N I Bl I Gl I Rl I F A BYTE 

I II c:::::-.. Background color Co 
"--_:: Flaoh (Blinkl 

Foreground color C1 
'--__________ Negative (Reverse video) 

I-I 

Type and Set Number of Character 
Code: B (4: 7) Per Set 

7 6 5 4 C (0:6) 

1 0 128 Standard Mosarcs 
0 1 1 32 Strokes 

0 0 U 128 Alphanumerics 
0 N 

D 

r II~ 1 ~'-' ~ Low R.olution 
Subset index 
(low resolutIon onlv) 

Set number 

4 COLOR PALETTE 
« ! ! ! 

E88-AN44T-26 

Set Set Cell 
Name Type Location 

G10 SEMI-GR. 
G11 

GO 
B ON-CHIP 
I ROM 

0 E Accentued Lower Case Alpha G20 C 
1 1 ALPHA H R 

L 
1 0 1 I 

N 
E 

0 1 1 
1 0 

1 X X 

Nota: Programming bit value 
1 = True 
0= False. 

100 Alpha UDS 

100 Semi-graphic UDS 
100 Semi-graphic UDS 

8 Sets of 100 

Quadrichrome Character 

G21 
R 
0 

G'O M 
E 

G'10 SEMI-GR. EXTERNAL 
G'11 MEMORY 
QO 
to QUAD RICH ROME 

Q7 
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80 Char/Row Character Code 

6 5 4 3 2 o 3 2 

- -----~~-------C 

ALPHANUMERIC CHAR CODE 

N = Negative 
F = Flash 
U = Underline 
D = Color set 

128 ALPHANUMERICS 
In GO .et. 

COLOR SELECTION 

D N BACKGND 
COLOR 

FOREGND 
COLOR 

0 0 CM Co 
0 1 Co CM 
1 0 CM CI 
1 1 C, CM 

(Co, c" iO, il) : defined in DOR 
CM : margin color defined in MAT 
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i 

iO 
iO 
i1 
i1 

o 

A 

6 5 4 3 2 o 3 2 o 

I\XIXIX,XIX,XIXIIX,XIXIDI --------- ---

o 
I 
2 
3 
4 
5 
6 
7 
8 
9 

C A 

MOSAIC CHAR CODE 

I 3 pelS 1 3peb I .. .... .. 
CO CI 

DEDICATED 

C2 C3 MOSAIC 

SET 
C4 C5 

C6 AI 

A2 AJ 

E88-AN44T -27 
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NOTES 



AUSTRALIA 

NSW 2027 EDGECLIFF 
Suite 211, Edgecliff centre 
203-233, New South Head Road 
Tel. (61-2) 327.39.22 
Telex: 071 126911 TCAUS 
Telefax: (61-2) 327.61.76 

BRAZIL 

05413 SAO PAULO 
R. Henrique Schaumann 286-CJ33 
Tel. (55-11) 883-5455 
Telex: (39-11) 37988 "UMBR BR" 

CANADA 

BRAMPTON, ONTARIO 
341 Main St. North 
Tel. (416) 455-0505 
T elefax: 416-455-2606 

CHINA 

BEIJING 
Beijing No. 5 Semiconductor 
Device Factory 
14 Wu Lu Tong Road 
Da Shang Mau Wai 
Tel. (861) 2024378 
Telex 222722 STM CH 

DENMARK 

2730 HERLEV 
Herlev Torv, 4 
Tel. (45-2) 94.85.33 
Telex: 35411 
Telefax: (45-2) 948694 

FRANCE 

94253 GENTILL Y Cedex 
7 - avenue Gallieni - BP. 93 
Tel.: (33-1) 47.40.75.75 
Telex: 632570 STMHQ 
Telefax: (33-1) 47.40.79.10 

67000 STRASBOURG 
20, Place des Hailes 
Tel. (33) 88.25.49.90 
Telex: 870001 F 
T elefax: (33) 88.22.29.32 

HONG KONG 

WANCHAI 
22nd Floor - Hopewell centre 
183 Queen's Road East 
Tel. (852-5) 8615788 
Telex: 60955 ESGIES HX 
Telefax: (852-5) 8656589 

INDIA 

NEW DELHI 110048 
Liason Office 
S114, Greater Kailash Part 2 
Tel. (91) 6414537 
Telex: 31-62000 SGSS IN 

ITALY 

20090 ASSAGO (MI) 
V.le Milanofiori - Strada 4 - Palazzo A/4/A 
Tel. (39-2) 8244131 (10 !inee) 
Telex: 330131 - 330141 SGSAGR 
T elefax: (39-2) 8250449 

40033 CASALECCHIO 01 RENO (BO) 
Via R. Fucini, 12 
Tel. (39-51) 591914 
Telex: 226363 
Telefax: (39-51) 591305 

00161 ROMA 
Via A. T orlonia, 15 
Tel. (39-6) 8443341/2/3/4/5 
Telex: 620653 SGSATE I 
Telefax: (39-6) 8444474 

JAPAN 

TOKYO 141 
Shinagawa-Ku, Nishi Gotanda 
8-11-7, Collins Bldg 8 
Tel. (81-3) 491-8611 
Telefax: (81-3) 491-8735 

KOREA 

SEOUL 121 
8th floor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel. (82-2) 552-0399 
Telex: SGSKOR K29998 
Telefax: (82-2) 552-1051 

NETHERLANDS 

5612 AM EINDHOVEN 
Dillenburgstraat 25 
Tel.: (31-40) 550015 
Telex: 51186 
Telefax: (31-40) 528835 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo Kio - Industrial Park 2 
Tel. (65) 4821411 
Telex: RS 55201 ESGIES 
T elefax: (65) 4820240 

SPAIN 

BARCELONA 
Calle Platon, 64°/5' 
Tel. (34-3) 2022017-2020316 
T elefax: (34-3) 2021461 

28027 MADRID 
Calle Albacete, 5 
Tel. (34-1) 4051615 
Telex: 46033 TCCEE 
Telefax: (34-1) 4031134 

SWEDEN 

S-16421 KISTA 
Borgarfjordsgatan, 13 - Box 1094 
Tel. (46-8) 7939220 
Telex: 12078 THSWS 
T elefax: (46-8) 7504950 

SWITZERLAND 

1218 GRAND·SACONNEX (GENEVE) 
Chemin FranQois-Lehmann, 18/A 
Tel. (41-22) 7986462 
Telex: 415493 STM CH 
Telefax: (41-22) 7984869 

TAIWAN 

KAOHSIUNG 
7FL-2 No 
5 Chung Chen3rd Road 
Tel. (886-7) 2011702 
T elefax: (886-7) 2011703 

TAIPEI 
6th Floor, Pacific Commercial Building 
285 Chung Hsiao E. Road - SEC, 4 
Tel. (886-2) 7728203 
Telex: 10310 ESGIE TW 
T elefax: (886-2) 7413837 

UNITED KINGDOM 

MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 
Tel.: (44-628) 890800 
Telex: 847458 
Telefax: (44-628) 890391 



U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1 000 East Bell Road 
Phoenix, AZ 85022 
(1)-(602) 867-6100 

SALES & REPS COVERAGE BY STATE 

AL 
Huntsville - (205) 533-5995 
Huntsville (Rep) - (205) 881-9270 

AZ 
Phoenix - (602) 867-6340 

CA 
Fountain Valley (Rep) - (714) 545-3255 
Irvine - (714) 250-0455 
Los Angeles (Rep) - (213) 879-0770 
San Diego (Rep) - (619) 693-1111 
San Jose - (408) 452-8585 
Santa Clara (Rep) - (408) 727-3406 

CO 
Boulder (303) 449-9000 
Wheat Ridge (Rep) - (303) 422-8957 

FL 
Altamonte Springs (Rep) - (305) 682-4800 
Deerfield Beach (Rep) - (305) 426-4601 
St. Petersburg (Rep) - (813) 823-6221 

GA 
Tucker (Rep) - (404) 938-4358 

IL 
Schaumburg - (312) 517-1890 

IN 
Fort Wayne (Rep) - (219) 436-3023 
Greenwood (Rep) - (317) 881-0110 
Kokomo - (317) 459-4700 

IA 
Cedar Rapids (Rep) - (319) 362-2526 

MD 
Glen Burnie (Rep) - (301) 761-6000 

MA 
Waltham - (617) 890-6688 

MI 
Southfield - (313) 358-4250 
Southfield (Rep) - (313) 358-4151 

MN 
Bloomington (Rep) - (612) 884-6515 

MO 
Florissant (Rep) - (314) 839-0033 
Kansas City (Rep) - (816) 436-6445 

NC 
Charlotte (Rep) - (704) 563-5554 
Morrisville (Rep) - (919) 469-9997 
Raleigh - (919) 832-7775 

NJ 
Voorhees - (609) 772-6222 

NY 
Binghamton (Rep) - (607) 772-0651 
E. Rochester (Rep) - (716) 381-8500 
Jericho (Rep) - (516) 935-3200 
Pittsford (Rep).- (716) 381-3186 
Poughkeepsie - (914) 454-8813 
Skaneateles (Rep) - (315) 685-5703 

OH 
Chagrin Falls (Rep) - (216) 247-6655 
Dayton (Rep) - (513) 866-6699 

OR 
Beaverton (Rep) - (503) 627-0838 
Tigard - (503) 620-5517 

PA 
Butler (Rep) - (412) 285-1313 
Horsham (Rep) - (215) 441-4300 

TN 
Jefferson City (Rep) - (615) 475-9012 

TX 
Austin - (512) 339-4191 
Carrollton - (214) 466-8844 

UT 
Salt Lake City (Rep) - (801) 269-0419 

WA 
Bellevue (Rep) - (206) 451-3500 
Seattle, (206) 524-6421 

CANADA 
Burnaby (Rep) - (604) 421-9111 
Mississauga (Rep) - (416) 673-0011 
Nepean (Rep) - (613) 825-0545 
Quebec (Rep) - (514) 337-5022 
Winnipeg (Rep) - (204) 783-4387 

COLUMBIA 
Bogota (Rep) - (011) 57-1-257-8824 

MEXICO 
Mexico City (Rep) - (905) 577-1883 

PUERTO RICO 
Rio Piedras (Rep) - (809) 790-4090 

URUGUARY 
Montevideo (Rep) - (011) 598-2-594-888 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CONTACT 
THE FOLLOWING REGIONAL 
OFFICES IN THE U.S.A. 

CA 
Hawthorne - (213) 675-0742 

NJ 
Totowa - (201) 890-0884 

PA 
Montgomeryville - (215) 362-8500 

TX 
Carrollton - (214) 466-8844 

WEST GERMANY 

6000 FRANKFURT 71 
Rennbahnstrasse 72-74 

- Tel. (49-69) 6708191 
Telex: 176997 689 
Telefax: (49-69) 674377 
T eletex: 6997689 = csfbef 

0-8011 GRASBRUNN BEl MONCHEN 
Bretonischer Ring 4 
P.B.1122 
Tel.: (49-89) 460060 
Telex: 528211 
T elefax: (49-89) 4605454 
T eletex: 897107 = STDISTR 

3000 HANNOVER 1 
Eckenerstrasse 5 
Tel. (49-511) 634191 
Telex 175118418 
T eletex: 5118418 csfbeh 
T elefax: (49-511) 633552 

8500 NORNBERG 20 
Erlenstegenstrasse, 72 
Tel.: (49-911) 597032 
Telex: 626243 
Telefax: (49-911) 5980701 

5200 SIEGBURG 
Frankfurter Str. 22a 
Tel. (49-2241) 660 84-86 
Telex: 889510 
Telefax: (49-2241) 67584 

7000 STUTTGART 1 
Oberer Kirchhaldenweg 135 
Tel. (49-711) 692041 
Telex: 721718 
Telefax: (49-711) 691408 



Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for 
the consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifica­
tions mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information previou­
sly supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems 
without express written approval of SGS-THOMSON Microelectronics. 
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