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1.0 SPECIFICATIONS: 

Bus: 

Resolution: 

- Multibus plug-in. 
- 8 or 16 bit CPU. 

- RGB-Graph/16-1. 256 pixels x 256 pixels x 1 bit 
- RGB-Graph/16-4. 256 pixels x 256 pixels x 4 bits 
- RGB-Graph/32-1. 512 pixels x 256 pixels x 1 bit 
- RGB-Graph/32-4. 512 pixels·x 256 pixels x 4 bits 
- RGB-Graph/64-1. 512 pixels x 512 pixels x 1 bit* 
- RGB-Graph/64-4. 512 pixels x 512 pixels x 4 bits* 
- The horizontal resolution of the -4 models can be doubled by 

sacrificing two bit planes. 

*On 480 pixels of the 512 pixel vertical resolution are displayed 
at any given time. . 

Display Memory Access: 

Special Functions: 

- Normal: programmed Ilo via X and Y address registers and data 
port. 

- DMA: occupies 1K of system memory space. 
- Access Time from CMD to XACK/: 

• 500 ns to Address Register, Data Register, Status Register, 
and Vector Register. 

• 50 ns to all other locations (mlA included) if no internal 
cycle resulting from a previous access is in process; if a 
subsequent access is made while an internal cycle is still in 
process, XACK/ will not be generated until that cycle is 
ended. See Table 1.1 for access cycle times. 

- -
"I-V CYCLE TIME IIO.OOOM"' HALl 

.G'-GIIA'" ZOOM aUT TIME AVIRAG! 

I Xl aoOns 1460ns 

116 X2 aoOns 1230ns 
I X4 aoOns 1020ns 

Xl 400ns 730ns 
1:12 AND 164 X2 400ns 615ns 

X4 400ns SlOns 

Table 1.1 - CYCLE TIMES 

- Independent X and Y Zoom: 
• X-Zoom by 1,2,3,4,5,6,7, or 8 
• Y-Zoan by 1,2, or 4 

- Scroll and Pan: 
• horizontal pan with single pixel precision 
• vertical scroll with 8 pixel precision 

... Fast preset of display to value in data port. 
- DMA access to the Display Memory. 
- Light Pen Register. 
- Vector Plot. 

WOI$T TIM! 

2.4us 
2.4us 

2.4us 
1.2us 
1.2us 

1.2us 

- Access to each bit plane can be ,independently software 'disabled. 
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1.0 SPECIFICATIONS (Cont'd): 

T.V. Standard: 

Connectors: 

- The video output fron ~ach bit plane can be independently 
software disabled. 

- The TTL video outputs can be put in high impedence mode hy 
software • 
• Allows several RGB~raphs to occupy the same position on the 

video bus~ 
• Allows l!lore than one RGB~raph to use the same monitor. 

- The fourth bit plane can be superimposed on the others. 
- Single or continuous frame grab wi th external frame grabber. 
- Clipping of X and Y Registers. 
- Grey scale DAC (functional only on boards wi th 4 bi t planes). 

- 16 bi ts of graphics video 
- 8 bits of frame grab data 
- Sync and control signals 

. - Allows use of the RGB-Graph in groups of up to 4 (16 
bits/pixel) • 

- Allol-1s use of the RGB~raph lTi. th the RGB-Alpha alphanur.teric 
controller. 

- Allows use of the RGB~raph wi th the VAF board. 

-Occupies 161/0 locations 
- 3 or 12 bit I/O addresses 
-Board I/O space can be strap-positioned on any 16 address 

boundary. 

- European (50 Hz) or American (60 Hz) operation. 
- Fully fmctional with 10 HHz RGB ron! tor. 
- Grey scale fmctions wi th 10 t1Hz black and whi te monitor. 
- Ftmetional with standard and direct drive moni tors. 

- PI, standard Hultibus 86 pin edge connector: bus signals. 
- J1, 10 pin right angle header AMP II 87578-2: conposite -lideo. 
- J2, 10 pin right angle header Al1P U 87578-2: outputs for direct 

drive moni tors. 
- J3, 50 pin right angle header HOLEX U 10-55-3505 (U 6874): video 

bus. 
- J4, 10 pin right angle header UOLEX U 10-55-3103 (U 4700): light 

pen signals. 
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1.0 SPECIFICATIONS (Cont'd): 

Power Requirements: 

Dimensions: 

Environmental: 

- RGB-Graph/16-1: 
• +5V 5% @ 1.5A 
• +12V 5% @ 35mA 
• -12V 5% @ 30mA 

- RGB-Graph/16-4: 
• +5V 5% @ 1.8A 
• +12V 5% @ 128mA 
• -12V 5% @ 30mA 

- RGB-Graph/32-1: +5V 5% @ 2.0A 
- RGB-Graph/32-4: +5V 5% @ 2.25A 
- RGB-Graph/64-1: +5V 5% @ 2.5A 
- RGB-Graph/64-4: +5V 5% @ 0.3A 

- Standard Multibus card size: 12 inches (30.48 cm) wide by 6.75 
inches (17.15 cm) high by 0.5 inches (1.25 cm) thick. 

- Operating temperature: 0 to 55 C 
- Relative humidity 0% to 90% non condensing. 

2.0 FUNCTIONAL DESCRIPTION: 

The RGB-Graph is a Multibus compatible color graphics video controller board for use 
with RGB monitors. It is available in several models with maximum resolutions ranging 
from 256 pixels by 256 pixels by one bit plane to 512 pixels by 512 pixels by four bit 
planes. The 4 bit plane models can merge bit planes to double the horizontal 
resolution. The display format is set by the user during the programmed I/O 
initialization of the board. 
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Figure 2.1 - RGB-GRAPH BLOCK DIAGRAM 
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2.1 DISPLAY MEMORY ACCESS: 

The RGB-Graph's display memory is normally accessed by programmed I/O: Display Memory 
locations corresponding to pixels are pointed to by the X and Y registers, and are 
accessed through the Data Register. The X and Y Registers, which contain the pixel's 
horizontal and vertical coordinates respectively, can be accessed by direct I/O or 
their contents can be modified via the Vector Regis ter. Depending on the command 
loaded into it, the Vector Register increments or decrements, independently, the X and 
Y registers, and it can be commanded to automatically write the contents of the Data 
Register into the Display Memory. The Vector Register is used to rapidly draw 
horizontal, vertical or angular lines. 

LOAD I 

INCX 
+ 

1>512 PIXEL X, Y ADDRESS (18 BITS) Y>512 

LOAD Y 

DECX DECY 

'-t-- :::} 
~-+--- -AX 

'-+-+--1--- +AX 

MULTI BUS OATA BUS 

Figure 2.2 - X AND Y REGISTERS 

EXTR 
VECTOR 
CONTROL 

The Display Memory can also be accessed by an external DMA controller. When the RGB
Graph is used in DMA mode, it occupies 1K of system address space, that is positioned 
via straps. The DMA controller does each block transfer into this same 1K address 
block which is mapped into different areas of the Display Memory by the X and Y 
Registers. As the transfer proceeds, the X and Y Regi&ters are automatically 
incremented. 

The RGB-Graph also has a fast preset function which uses one command to fill the entire 
Display Memory with the data contained in the Data Register. Similarily, provision has 
been made for the Display Memory to be loaded from an external frame grabbing A to D 
converter. Both operations are completed in one frame period. 

When the RGB-Graph is not in DMA Mode, the X and Y Registers are clipped so that any 
data written to pixels outside the display format will not wrap around on the Display. 
This provides a total working area, displayed and non-displayed, of 4096 pixels by 4096 
pixels for all formats (see figure 2.3). 
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2.1 DISPLAY MEMORY ACCESS (Cbnt'd): 

o 
O~----------------~~ 

DISPLAYED 
WORKING AREA 

.. ... , , 
\ , 

\ ' \ I 
, I 

"... ",/ ..... _- ,. 

NON-DISPLAYED 
WORKING AREA 

4096 

4096~ ______________________________ ~ 

Figure 2.3 - NON-DiSPLAYED WORKING AREA 

If the user wants the image to wrap around he can put the board in DMA mode, and use 
the usual I/O access to the Display Memory. 

Norma;Lly all bit planes are written to simultaneously; however, the RGB-Graph has a 
mask register which allows write access to be interdicted to any or all of the bit 
planes. 

2.2 DISPLAY MANIPULATION: 

The RGB-Graph allows the user to zoom into the display. That is to say, a portion of 
the display can be selected and expanded to replace the original image from which it 
was taken. Horizontal expansion (x-zoom) and vertical expansion (y-zoom) are 
independently controlled allowing the user to make distorting as well as non-distorting 
zooms. Horizontal zooms can be made by factors of 1, 2, 3, 4, 5, 6, 7 and 8; vertical 
zooms can' be made by factors of 1, 2, and 4. 

The display can be panned horizontally with single pixel precision in both directio~s, 
and it can be vertically scrolled w~th 8 pixel precision in both directions. 

A series of light pen registers are provided which allow the CPU to' determine the 
position of a light pen to within. one pixel. 
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2.3 VIDEO: 

The RGB-Graph has three composite video outputs for color (red, green and blue). One 
of these outputs (nominally green) can be intensity controlled by ~ 2 bit D/A converter 
connected to bit planes 2 and 3. A 4 bit D/A converter supplies another compQsite 
video output for grey scale applications. Each bit plane also has two separate TI'L 
video outputs: one for direct drive monitors and one for the video bus connector. The 
video bus is a connection system that allows the RGB-Graph to be used with other video 
control products from Matrox (see section 9). 

The video outputs can be controlled via a video mask register and by a video enable bit 
in Control Register No.1. The video mask register allows the user to individually 
disable output from any of the bit planes: the disabled outputs, TI'L and composite 
video, go to blacL The video enable bit disables all of the outputs together: the 
composite outputs go to black and the TTL outputs go to high impedence mode (tri
state). The high impedence mode allows more than one RGB-Graph to share the same 
direct drive monitor and it allows several boards to occupy the same position on the 
video bus. 

If required, the video from bit plane 4 can be disconnected from the 2 bit color output 
and used to overlay the video from bit planes 1, 2, and 3: this can be an AND, NAND, 
OR, or XOR operation. The overlay allows the fourth bit plane to be used for 
alphanumeric or similar data. 

3.0 START-UP PROCEDURE: 

The following familiarization procedure will not be valid if the as-shipped strap 
configuration is changed or if a direct drive monitor is used. 

1. Visually inspect the board for any shipping damage. 

2. Plug the board into a Multibus system and connect an RaG.Be monitor. The video 
connections will depend on the monitor used; however, section 7 shows where to find 
any of the video or sync signals that might be required. If one of the RGB-Graph-l 
models is being used it will only have one bit plane which should be connected to a 
monochrome monitor via the red composite video output. 

3. Use the procedure in table 3.1 to initialize the display. It will establish the 
maximum single density format for the particular RGB-Graph model being used. 
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3.0 START-UP PROCEDURE (Chnt'd): 

OArA 

sUP 116 112 16~ 
1/0 

LOCATION COMMENTS 

60IU 'OHZ 60 HZ '0 HZ 60 H1: 50 HZ 

I A6li 
Control Register No. 1 is initialized; 

2011 ZOH ZOE! ZOH ZOH Z08 video enaDled, single density, no DMA, no 
frame graD, no preset. Note that two 

2 20R ZOR ZOE Z08 zoa zoa A6R identical outputs are required to in-
~ .. of .. ofa';"" .. ~:; ........ of ........ 

3 3FR 3m 3FH 3m 3FH 3m Am. 
Control Register No. 2 is initialized; 
X-Pan:O, X-Zoom-l, Y-Zoom:l. 

.. on on am on Oft on ASR Control Register No. 3 is initialized; all 
video outputs are enabled. 

5 OOB OaR OaR OaR OOB OaR AAR 
Control Register No. 4 is initialized; 
access to all bit planes is enabled. 

6 OaR OOB OaR OaR OOR OOR ACli The horizontal total minus one is 
7 27B Z711 4FH- 4FH 4FH 4EH AEll written to CRTC-RO. 

a alB alB alB alB OlR alB ACR The format width, in cells, is written , 20R 20R 40R 40B 40B. 408 AER to CRTC-Rl. 
10 028 02R am 02R 02R 02R ACB. The horizontal sync position is written 
11 218 ZlR 458 45R· 4SIf 45H-· AER to CRTC-R2. 

12 038 03B. 038 03B. 03H 038 ACB. The horizontal and vertical sync widths 
13 331'1 33'5 36& 368 .368 368 AER are written to. CRTC-RJ. 

'" 04H 048 04B. 04R OAB. 04R ACR The vertical total minus one is written 
IS lFH 268 lFH 26R 3FH 4DH AiH to CRTC-B,4. 

16 OSH aSH aSH aSH osa 05H ACH The vertical adjust parameter is written 
17 048 OOR 041'1 OOR 048 OOH AER to CaTC-RS. 

18 068 06H 06H O6R 068 068 ACR The format height, in cells, is written 

" lEB. 208 1m 20R 3CR ,408 AEK to CllTC-R6. 
20 07R om om am on am ACH The vertical sync position is written to 
21 lFH 24H 1FR 24H 3DH 48H AEH CRTC-R7. 

22 OSH OSK aSK aSK osa 08H ACH CRTC-RS is programmed for row and column. 
23 048 04B. 048 048 on on AiR addressing & to appropriate ~ter1ace mode 
2 .. 098 098 09R 09R 098 09R ACR The No. of scan lines/field per cell row 
25 078 078 am 0711 om 0711 AEB minus one is written to CllTC-lt9. 
26 OCR OCR OCR OCR OCR OCR ACR The starting address is set to row zero 
27 OaR OaR OOH OaR 008 008 AER column zero. 
28 ODH ODR aDa ODB ODR OD8 ACR 
29 ooa OOB OaR OOB 008 OOB AEH 

Following the above steps in orcler. output the SO or 60Hz data that c:"Orresponds to 
the boerd' s IIIOdel No. (/l6-/64) to the I/O location indicated. 

Table 3.1 - DISPLAY INITIALIZATION 

4. The display should now be showing random data. Clear the display by outputting OOR .. 
to the Data Register at A4R then outputting AOR to Control Register no. 1 at A6R. 

5. Enter and run the following program, which will fill an RGB display with vertical 
color bars. On a monoChrome monitor, it will be seen as a series of vertical bars 
at different positions across the screen. 
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3.0 START-UP PROCEDURE (Cont'd) 

ADDRESS 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
lOA 
lOB 
10C 
10D 
10E 
10F 
110 

-111 
112 
113 
114 
115 
116 
117 
118 
119 

4.0 PROGRAMMING: -

OP-CODE 

3E 
OF 
D3 
AS 
01 
FF 
01 
21 
00 
00 
1E 
3F 
16 
08 
7D 
D3 
AO 
7C 
D3 
A1 
aD 
79 
D3 
A2 
78 
D3 

COLOR BARS 

MNEMONIC 

LD, A, _OF 

OUT A8, A 

LD BC,Ol u FF 

LD HL, 0000 

LD E, 3F 

LD D, 08 

LD A, L 
OUT AO, A 

LD A, H 
OUT Al, A 

DEC C 
LDA, C 
OUT A2, A 

LD A,- B 
OUT A3~ A 

ADDRESS 

llA 
11B 
11C 
UD 
11E 
UF 
120 
121 
122 
123 
124 

-125 
126 
127 
128 
129 
12A 
12B 
12C 
12D 
12E 
12F 
130 
131 
132 
133 

OP-CODE 

A3 
7B 
D3 
A4 
79 
A7 
C2 
14 
01 
05 
F2 
14 
01 
23 
01 
FF 
01 
15 
C2 
OE 
01 
1D 
F2 
OC 
01 
76 

MNEMONIC 

LD A, E 
OUT A4, A 

LD A, C 
AND A 
JP NZ,0114 

DEC B 
JP P, 0114 

INC HL 
LD BC, 01FF 

DEC D 
JP NZ, 010E 

DEC E 
JP P, 010C 

HALT 

The RGB-GRAPH is initialized and controlled by programmed I/O to a series of registers. 
There are 15 dire-ct1y accessed registers plus 14 CRTC registers that are indirectly 
accessed through an address register and data poz.:t. Section 4.3 contains detailed 
descriptions of the directly accessed registers and the CRTC data sheets in Section 12 
contain descriptions of the CRTC registers. Table 4.1 gives a brief overview of the 
directly accessed register~ 

Because the CRTC was intended for use with alphanumeric displays, the data sheets refer 
to characters and the character clock; however, as far as the RGB-GRAPH is concerned, 
the user should read "8 x 8 pixel graphics cell" instead of "character", and "cell 
clock" instead of "character clock". -

The display format is established during the initialization routine by writing the 
format parameters to Control Register No. 2 and certain CRTC registers. Table 4.1 
shows which parameter must be written to which register to establish the standard 
max:i.mum. density format for the particular model of RGB-GRAPH that is being used. The 
user may, however, wish to establish a non-standard format to facilitate some graphics 
application~ If this is the case, the format parameters can be calculated using the 
formula given in Section 4.2. 

Note that section 4.4 has been dedicated to the zoom function. 
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4.0 PROGRAMMING (Cont'd): 

RELATIVE 
LOCATION 

DIRECTION 

WRITE 
ONLY 

WRITE 
ONLY 

WRITE 
ONLY 

WRITE 
ONLY 

NAME FU.NCTION 

X-Register LOW Pixel X-coordinate (XO-X7) 

X-Register HIGH Pixel X-coordinate (X8-Xll) 

Y-Register LOW Pixel Y-coordinate (YO-Y7) 

Y-Register HIGH Pixel Y-coordinate (Y8-Yll) 

04H WRITE Data Reg. LOW Data registers contain pixel data 
1-__ -t __ RE-AD--+--------t (color). From 4 bits/pixel (1 x RGB-

WRITE GRAPH) to ;1..6 bits/pixel (4 x RO;B-
READ Data Reg. HIGH GRAPH) user strappable. 

READ 
ONLY Sta tu s Reg ist er CLEAR/, PRESET/, Frame Grab Flag 

WRITE 
ONLY 

Control Register Video Enable, Double Resolution, 
NUmber 1 DMA Mode, Continous Frame Grab, 

Disp1av Preset Control. 

WRITE 
ONLY 

Control Register 
Number 2 X-Pan, X-Zoom, Y-Zoom 

REONADLY Aux. Light Pen Light Pen Pixel Position 
Register 

WRITE Control: Register Video enable register (Video Mask) 
ONLY Number 3 LOW From 4 bits/pixel (1 x RGB-GRAPH) to 

I------+--WR-l-TE----+---------I 16 bits/pixel (4 x RGB-GRAPH) user 
09H ONLY Control Register strappable within two bytes. 

Number 3 HIGH 

WRITE Control Reg ister 
ONLY Number 4 LOW 

WRONILTEy Control Register 
Number 4 HIGH 

READ CRTC Status 
ONLY Reg ist er 

WRITE CRTC Address 
ONLY Register* 

WRITE CRTC Data 
READ Register* 

WRITE 
ONLY Vector Register 

Bit plane write enable register 
(Preset Mask) 
From 4 bits to 16 bits, user 
strappab1e within two bytes 

Vertical Blanking Flag. 
Light Pen Register Full Flag 

Address for CRTC's Internal Reg. 

Data Port for CRTC's Internal Reg. 

Increment/decrement control for 
X,Y registers for vector plots 

* these two registers indirectly access 14 more registers within the 
CRTC, specifying such video parameters as horizontal and vert~car 
Sync. B1ankinR:. FreQuencv Format etc. 

Table 4.1 - DIREcn.y ACffiSSED REGISTER-OVERVIEW 
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4.1 FORMAT PROGRAMHING TABLES 

The following table shows which format parameters must be written to which registers to 
establish the standard maximum density formats. Note that there is a column of 
American parameters (60Hz) and a column of European (50Hz) parameters for each model of 
the RGB-Graph. Note that for American Standard displays, only 480 pixels of the 512 
vertical resolution are visable at any time. The non-displayed portion can be scrolled 
onto the screen. 

RG8-GRAPH 116 132 /64 

SINGLE DENSITY FORMAT 256 x 2~6 512 x 256 512 x 512 

AMERICAN / EUROPEAN 60HZ 50HZ 60HZ 50HZ 60HZ 50HZ 

Control Register No. 2 3m 3FH 3FH 3FH 3FH 3FH 
H. Total RO 27H 27H 4FH 4FH 4FH 4FH 
H. Displayed, RI 20H 20H 40H 4_QH 40H 40H 
H. Sync. Position R2 2lH 21H 45H 45H 45H 45H 
V. & H. Sync Width R3 33H 33H 36H 36H 36H 36H 
V. Total, R4 IFH 26H lFH 26H 3FH 4DH 
V. Adjust, R5 04H OOH 04H OOH 04H OOH 
V. Displayed, R6 IEH 20H IEH 20H 3CH 40H 
V. Sync. Position, R7 IFH 24H lFH 24H 3DH 4BH 

. Mode Control, R8 04H 04H 04H 04H 07H 07H 
Scan Line R9 07H 07H 07H 07H 07H 07H 
Display Start High Rl2 OOH OOH OOH OOH OOH OOH 
Display Start Low Rl3 OOH OOH OOH OOH OOH DOH 

. 
Table 4.2 - STANDARD FORMATS 

4.2 FORMAT PARAHETER CALCULATIONS: 

The RGB-GRAPlts format is set by the X and Y zoom factors in Control Register No.2 and 
by format parameters written to registers in the board's CRTC. Because the CRTC, an 
LSI video controller chip, was designed primarily to refresh alphanumerics displays, it 
sees the display as a field of graphics cells equivalent to characters and it refreshes 
the display at that level. Each of these graphics cells is 8 pixels by 8 pixels in 
size; display refresh at the pixel level wi~hin the cells is taken care of by 
circuitry e."Cternal to the CRTC. Because the format is programmed in the CRTC, which 
operates at the cell level, the number of pixels in the X or Y axis of any format must 
be a multiple of 8. If the user conforms to this restriction, he can use the formulas 
in this section to calculate the parameters for a large number of different format~ 
The only other restriction, of course, is that the number of pixels in the format times 
the number of bit planes used must not exceed the capacity of the Display Memory. 

In some cases, the user may find that the display does not cover as much of the CRT as 
might be wished. If such is the case he still has the option of changing the crystal 
to a lower frequency. . 

The following is a list of formulas that can be used to calculate the forma~ parameters 
for irregular formats or the parameter changes required for zoom operations: 
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4.2 FORMAT PARAMETER CALaJLATIONS: 

1. Dot Clock = Crystal Freq. 
X-Zoom Factor 

2. Cell Clock = Dot Clock 
8 

FORMAT PARAMETER FORMULAS 

The Cell Clock is the same as the character clock referred to in the CRTC data 
sheets. 

3. HORIZONTAL TOTAL = Monitor Spec. Horiz. Scan Period 
Cell Clock Period 

Choose the nearest integer minus one. This value is written in HEX format to RO. 

4. HORIZONTAL DISPLAYED = Total X-Axis Pixels 
8 

This is the number of graphics cells in the X-AXIS of the format and is written in 
HEX to RI. 

5. HORIZONTAL SYNC. POSITION R. Displayed + (H. Total - H. Displayed) 
2 

This value may require adjustment. It is written in HEX to R2 

6. ACl'UAL HORIZONTAL SCAN PERIOD = Horizontal Total 
Cell Clock 

7. CELL ROW PERIOD = Y-ZoomFactor x 8 x Actual Horizontal Scan Period 

8. VERTICAL TOTAL = Vertical Scan Period 
Cell Row Period 

This value mioos one is written in HEX to R4. The vertical scan period is 16.667ms 
on American systems and 20.000ms for European systems. 

9. VERTICAL TOTAL ADJUST = (Vertica.l Scan Period -(V. Total x Cell Row Period» 
Actual Horizontal Scan Period 

Choose the nearest integer. This value is written in HEX to RS. 

10. VERTICAL DISPLAYED = Total Y-Axis Pixels 
8 

This value is written in HEX to R6. 

11. VERTICAL SYNC. POSITION V. Displayed + (V. Total -V. Displayed) 
2 

Adjust the value as required. It is written in HEX to R7. 

12. SCAN LINE = 8 x Y ZOOM FAcrOR 
This value minus one is written in HEX to R9. 

13. HORIZONTAL SYNC. WIDTH = Monitor Spec. H. Sync. Width 
Cell Clock Period 

Choose-the nearest integer. This value goes to bits 0-3 of R3. 

14. VERTICAL SYNC WIDTH = Monitor Spec. V. Sync. Width 
Actual Horizontal Scan Period 

Choose the nearest integer. This value goes to bits 4-7 of R3. 
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4.3 REGISTERS: 

4.3.1 X-REGISTER LOW: 

WRITE ONLY 

7 6 5 4 3 2 1 0 BIT LOC. 
I I I I I I I I I BASE ADDRESS + ~OH = CJ 

AS SHIPPED ADDRESS = AOH L XBIT 0 
XBIT 1 
XBIT 2 
XBIT 3 
XBIT 4 
XBIT 5 
XBIT 6 
XBIT 7 

This register holds the lower 8 bits of the X coordinate of the display memory location 
that is to be accessed. 

4.3.2 X-REGISTER HIGH: 

WRITE ONLY 

7 6 5 4 3 2 1 0 BIT LOC. 

I ~'O'O'OT 
DON'T 
CARE . 

XBIT 8 

BASE ADDRESS + OlH = c:::J 
AS-SHIPPED ADDRESS = AlH 

.This register holds the 9th bit of the X coordinate for the RGB-GRAPH/32 and the RGB
GRAPH/64. If a One is written to any of bits 1-3 the clipping circuit will interdict 
memory access. This also applies to Bit 0 on the RGB-GRAPH/16. 

4.3.3 Y-REGISTER LOW: 

I 

WRITE ONLY 

7 6· 5 4 3 2 1 0 BIT 
I I I I I I I I 

L 
"-

YBIT 0 
YBIT 1 
YBIT 2 
YBIT 3 
YBIT 4 
YBIT 5 
YBIT 6 
YBIT 7 

LaC. 
BASE ADDRESS + 02H = 0 
AS-SHIPPED ADDRESS = A2H 

This register holds the lower 8 bits of the Ycoordinate of the display memory location 
that is to be accessed. 
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4.3.4 Y-REGISTER HIGH: -
WRITE ONLY 

7 6 5 4 3 2 1 0 BIT 

I I I 10 10 101 I 

~L DON'T 

CARE YBIT 8 

LOC. 
BASE ADDRESS + 03H = r:::J 
AS-SHIPPED ADDRESS = A3H 

This register holds the 9th bit of the Y coordinate for the RGB-GRAPH/64. If a One is 
written to any of' Bits 1-3 the clipping circuit will interdict memory access. This 
also applies to Bit 0 on the RGB-GRAPH/16 and RGB-GRAPH/32. 

4.3.5 DATA REGISTER LOW: 

READ/WRITE 

7 6 5 4 3 2 1 0 BIT 

Il<\TA 0 GlEn ) 
Il<\TA 1 (BLUE) 

LOC. 
BASE ADDRESS + 04H = r:::J 
AS-SHIPPED ADDRESS = A4H 

As. Sbipped Configuration 
'----DATA 2 (<REEN') 

'-----DATA 3 (OVERLAY OR GREEN) 

Any four bits of this register can be used as a data port to the Display Memory if the 
appropriate straps are installed' (see Section 5.2) •. When the board is shipped, straps 
are installed which allow the display memory to be accessed through the four least 
significant bits of this register, as' shown above. Bits not selected for use are don't 
care for write and zero for read. 

4.3.6 DATA REGISTER HIGH: - -
READ/WRITE 

7 6 5 4 3 2 1 0 BIT 

I I I I I I 
LOG. 

BASE ADDRESS + 05H = CJ 
AS-SHIPPED ADDRESS = ASH 

As in the case of the Data Register Low, any four bits of this register can be used as 
a data port to the Display Memory if the appropriate straps are installed (see Section 
5-3). Any bits not selected are "don't care" for write and zero for read. 
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4.3.7 STAXUS REGISTER: 

READ ONLY 
76543210 BIT 

I fo!olotofololol 

I~-------------------p~ ~ 
BASE ADDRESS + 06H ... ~ 
AS-SHIPPED ADDRESS'" A6H 

Bit 7: PRMEM FLAG. When this bit is one, the memory is being preset or a frame grab 
is in process. When this bit is zero, the memory is neither being preset nor 
is a frame grab in process. 

4.3.8 CONTROL REGISTER NO.1 

[ 

WRITE ONLY 
7 6 5 4 3 2 
I I- 1 I I I 

1 0 
I I 

'-----

_._-

BIT 

BLUE FLOOD 
\,IDEN 
DBLE RES 
DMA 
FGC 
FGS 
PRESET 

LOC. 
BASE ADDRESS + 06H'" c=J 
AS-SHIPPED ADDRESS ... A6H 

BIT 1: BLUE FLOOD. When this bit is zero, operation is normal. When this bit is one, 
the Blue output is driven on during active video. BLUE FLOOD is used to 
provide a visible raster to trigger the light pen. When activated, it is only 
generated on the composite video output; the TTL output are not affected. 

Bit 2: V'IDEN. When this bit is zero, m.. video is enabled. When this bit is one, 
TTL video is in high impedence (tri-state) mode. 

Bit 3: DBLE RES. When this bit is one, bit planes 0 and 2 are multiplexed together 
and bit planes 1 and 3 are multiplexed together to provide twice the Jf-A'x[S 
resolution. Note however, that the bits per pixel are halved. When this bit 
is zero, resolution is normal and there are four independent bit planes. 

Bit 4: DMA- When this bit is one, the Display Memory can be accessed by DMA. All 
DMA transfers are made at the same 1K block of system address space, the base 
address of which, is set by straps (see Section 5.4). This system address 
space is mapped into different areas of the Display Memory, before the block 
transfer, by loading the X and Y Registers with the transfer's Display Memory 
starting address minus one. As the transfer proceeds, the X and Y Registers 
are automatically incremented before each byte transfer. When several 1K 
blocks are s~uentially transferred to or from contiguous Display Memory, the 
Jf-Y starting address need only be loaded befo_re the first block transfer. 

When bit 4 is zero the RGB-GRAPH's Display Memory is accessed normally and the 
X and Y registers must be loaded with a new set of coordinates before each 
byte or word transfer~ 
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4.3.8 roNTROL REGISTER N0.1 (CDnt'd): 

Bit 5: FGe. When this bit is 0, the RCB-GRAPH operates in contiruous frame grab 
mode. If a frame grabber is connected, the board will continually grab and 
display sequential frames: in effect, it will display what the camera sees. 
When the bit is 1, the RCB-GRAPH will freeze the frame that was in the display 
memory at the time the bit changed state. The use~ can watch the action, then 
freeze it. 

Bit 6: FGS. This bit is also provided for frame-grabbing operations. If a one is 
written to FGS , the RGB-GRAPH will grab and hold a single frame of 
video information. It will continue to display the information until 
one is again written to FGS, at which time a new frame will ~ grabbed. If a 
zero is written to this bit, it will have no effect. 

Bit 7: PRESET. When a one is written to tllis bit, the Display Memory will be preset 
to the value in the Data Register. If a zero is written to this bit, it will 
have no ef feet. 

NOTE: During initialization, the output operation to this register must be repeated 
twice. After initialization, one output is enough to load the register. 

4.3.9 roNTROL REGISTER NO.2: 

'WRITE ONLY 

7 6 5 4 3 2 1 0 BIT LOC. 
I I I I I I I I BASE ADDRESS + 07H =0 c:J . 

AS-SHIPPED ADDRESS = A7H 

HORIZONTAL SYNC. 0 1 2 3 4 5 6 7 
DELAY roTS DOTS DOTS DOTS DOTS DOTS DOTS DOTS 

XPAN 0 1 0 1 0 1 0 1 0 
- XPAN 1 1 1 0 0 1 1 0 0 

XPAN 2 1 1 1 1 0 0 0 0 

ZOOM FAcrOR 1 2 3 4 5 6 7 8 
XZOOM 0 1 0 1 0 1 0 1 0 
XZOOM 1 1 1 0 0 1 1 0 0 
XZOOM 2 1 1 1 1 0 0 0 0 

ZOCM FAcrOR 1 2 4 
YZOOM 0 0 1 0 
YZOOM 1 0 0 1 

NOTE: X zooms of greater than 4 are not possible When using the 256 x 256 format. 
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4.3.9 CONTROL REGISTER NO. 1. (Cont' d) : 

Bit 0-2: 

Bit 3-5: 

XPANO-XPAN2. These three bits are used in conjunction with the CRTC 
starting address registers (R12 and Rl4) to horizontally pan the display. 
XPANo-XPAN2 can be set to delay the horizontal sync. pulse by. 1 through 7 
dots (see Table above). A pan is accomplished by sequentially 
incrementing this delay until it reaches 7 dots then resetting XPANo-XPAN2 
and incrementing the CRTC starting address registers during vertical 
blanking. This operation is repeated at a rate that will give the 
required pan speed. 

XZOOMo-XZOOM2. These three bits are used in conjunction with several CRTC· 
registers (RO, R1, R2, R3, R12, R13) to expand the display along the 
horizontal axis (see Section 4.4). 

Bit 6 & 7: YZOOMO and YZOOM1. These two bits are used in conjt.mction with several 
CRTC registers (R3, R4, R5, R6, R7, R9, R12, R13) to expand the display 
along the vertical axis (see Section 4.4). 

NOTE: For a normal display, X and Y zoan factors of one must be loaded. 

4.3.10 AUXILIARY LIGHT PEN REGISTER: 

READ ONLY 

7 6 5 4 3 2 1 0 BIT 
1010 I I I I I I I 

~ 

-
XLPO 
XlPl 
XLP2 
YLPO 
YLP1 
YLP2 

LOC. 
BASE ADDRESS + 08H = c:=J 
AS-SHIPPED ADDRESS = ASH 

Bits 0-2: XlPo-XLP2. These bits are the three least significant bits of the light 
pen X coordinate. The most significant bits are provided by CRTC Rl7: bits 
0-4 represent XlP3-XLP7 for 256 x 256 formats and bits 0-5 represent XLP3-
XLP8 for 512 x 512 formats. Note that the data from CRTC R17 must be 
shifted to the left three bits before they can be combined with XlPo-XlP2 
from this register. Unused bits in CRTC R17 are zero. 

Bits 3-5: YLPO-YLP2. These bits are the three least significant bits of the light 
pen Y coordinate. The most significant digits are provided by CRTC R16: 
bits 0-4 represent YLP3-YLP7 for 256 x 256 formats and bits 0-5 represent 
YLP3-YLP8 for 512 x 512 formats. Note that the data from CRTC R16 must be 
shifted three spaces to the left before it can be combined with YLPo-YLP2 
from this register. Unused bits in CRTC R16 are zero. 
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4.3.11 CONTROL REGISTER NO.3: 

WRITE ONLY 

7 6 5 4 3 2 1 0 BIT 
LOW 

~~~~--~~~~~ 

OR 

VENO 
VEN1 

l...---VEN2 
'------VEN3 

WRITE ONLY 

7 6 5 4 3 2 1 0 BIT 

~==I~I~~I~I==I==~Jm~ 
DON'T 
CARE 

} 
LOC. 

BASE ADDRESS + 08H = c=J 
AS-SHIPPED ADDRESS = ASH 

As Shipped Configuration 

LOC. 
BASE ADDRESS + 09H = I==:J 
AS-SHIPPED ADDRESS = A9H 

The four video enable bits can be strapped to any four bits in the two I/O locations 
shown above (see Section 5.4), and must be strapped to the same four bits that are used 
by the data port (see Section 4.3.5). The as-shipped configuration is shown here. 

Bit 0: VENO. When this bit is one, video from bit plane 0 is enabled. 'When this bit 
is zero, video from bit plane 0 is disabled. 

Bit l: VEN1. When this bit is one, video from bit plane 1 is enabled. When this bit 
is zero, video from bit plane 1 is disabled. 

Bit 2: VEN2. When this bit is one, video from bit plane 2 is enabled. When this bit 
is zero, video from bit plane 2 is disabled. 

Bit 3: VEN3. When this bit is one, video from bit plane 3 is enabled. When this bit 
is zero, video from bit plane 3 is disabled. 

4.3.12 CONTROL REGISTER NO.4: 

WRITE ONLY 

7 6 5 4 3 2 1 0 BIT 
LOW 

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

LOC. 
BASE ACDRESS + OAR = 0 
AS-SHIPPED ADDRESS = AAH 

~ 

DON'T 
CARE 

WENO/CRTC SEL} 
WENl/ . As Shipped Configuration 

'----WEN2/ 
'------WEN3/ 

7 6 5 4 3 2 1 0 BIT 

~====~~~~======IHI~ 
DON'T 
CARE 
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4.3.12 CONTROL REGISTER NO. ~ (Cont'd): 

The four bits of Control Register No. 3 can be strapped to any four bits in the two 1/0 
locations shown above (see Section 5.4) and must be strapped to the same four bits that 
are used as the data port. The as-shipped configuration is shown here. 

Bit 0: WENO/cRTC SELl. When this bit is zero, bit plane 0 and the CRTC can be 
written· to. When this bit is one, bit plane 0 and the CRTC cannot be wr!tten 
to. The CRTC SELl flnlction is required· for master slave configurations where 
the CRTCs of two or more boards at the same address are programmed differently. 

Bit 1: WEN1/. When this bit is zero, bit plane 1 can be written to. When this bit is 
one, bit plane 1 cannot be written to. 

Bit 2: WEN21. When this bit is zero, bit plane 2 can be written to. When this bit is 
one, bi t plane 2 cannot be written to. 

Bit 3: WEN3-' When this bit is zero, bit plane 3 can be written to. When this bit is 
one, bit plane 3 cannot be written to. 

4.3.13 CRTC STATUS REGISTER: 

READ ONLY 

7 6 5 4 3 2 1 0 BIT 
I 0 J J I 0 10 I 0 10 10 J 

LOC. 
BASE ADDRESS + O<li = c=l 
AS-SHIPPED ADDRESS = A<li 

'---~----VERTlCAL -BLANKING 
'----------LPEN REGISTER FULL 

Bit 5: VERTICAL BLANKING. When this bit is one, the scan is in vertical blanking. 
When this bit is zero, the scan is not in vertical blanking. 

Bit 6: LPEN REGISTER FULL. This bit goes to one whenever a light pen strobe occurs. 
This bit goes to zero whenever either CRTC R16 or R17 are read. 

4.3.14 CRTC ADDRESS REGISTER: 

WRITE ONLY 

7 6 5 4 3 2 1 0 BIT 
I I I I I I 

LOC. 
BASE ADDRESS + O<li "" c=l 
AS-SHIPPED ADDRESS"" ACli 

When one of the CRTC registers is to be accessed, its address is placed in this 
register, then data is input or output through the CRTC Data Register. Addresses and 
descriptions for the CRTC registers are found in the CRTC data sheets. 
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4.3.15 CRTC DATA REGISTER: 

READ/WRITE 

7 6 5 4 3 2 1 0 BIT 
I I I I 

LOC. 
BASE ADDRESS + OEH = c=J 
AS-SHIPPED ADDRESS = AEH 

This location is the data port to and from the CRTC. 

4.3.16 VECTOR REGISTER: 

WRITE ONLY 

7 6 5 4 3 2 1 0 BIT 

INCX 
INCY 

'----DECX 
'-----DECY 

....... ------WRT 

LOC. 
BASE ADDRESS + orn = c:J. 
As-SHIPPED ADDRESS = Am 

BIT 0: INCX. When a one is written to this bi t, the X-Register is incrementeds 
Writing a zero to this bit has no effect on the X-Y coordinates. 

Bit 1: INCY. When a one is written to this bit, the Y-Register is incremented. < 
Writing a zero to this bit has no effect on the X-Y coordinates. 

Bit 2: DECX. When a one is written to this bit, the X-Register is decremented. 
Writing a zero to this bit has no effect on the X-Y coordinates. 

Bit 3: DECY. When a one is written to this bit, the Y-Register is decremented .. 
Writing a zero to this bit has no effect on the X-Y coordinates. 

Bit 4: WRT. When this bit is zero, the contents of the Data Register are 
automatically written to the Display Memory when the Vector Registor is 
loaded. When this bit is one, data is not automatically written to the 
Display Memory when the Vector Register is loaded. 

NOTE: The Vector Register will not function properly if <the RGB-GRAPH is in DMA. mele. 

Figure 5-1 shows the direction that the graphics trace will take when different values 
are written to the Vector Register. 

a 

2 

Figure 4.1 - VEGrOR DIREGrION (BIT 0-3) 
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4.4 THE ZOOM FUNcrION:: 

The zoom function allows the user to select a portion of the display and enlarge it to 
replace the original iinage from which it was taken. Resolution in the enlarged section 
is not affected, since it contains the same number of pixels before and after the zoom. 
Horizontal expansion (X zoom) and vertical expansion (Y zoom) are independently 
controlled by the user. It can be expanded vertically by factors of 2, 3, 4, 5, 6, 7, 
and 8 in the 512 x 512 and 512 x 256 formats, and by 2, 3, and 4 in the 256 x 256 
format. Since identical horizontal and vertical zoom factors are required to maintain 
correct image proportions, the horizontal zoom factors of 2 and 4 are the most useful. 
The remaining horizontal zoom factors should not, however, be ignored since they can be 
used for controlled distortion of an image. 

When considering the zoom function, the display should be considered as a field of 
graphics cells, each of which is composed of 8 x 8 pixels in·a normal resolution 
display or 16 x 8 pixels in a double resolution display. 

The number of these cells in the display depends on the type of RGB-GRAPH used: 32 
columns by 32 rows for the RGB-GRAPH/16, 64 columns and 32 rows for the RGB-GRAPH/32, 
and 64 columns and 64 rows for the RGB-GRAPH/64. The zoom window (the area to be 
enlarged) is defined in terms of these cells. Integer values must be used. 

The size of the zoom window should be selected so that the actual display is the same 
size before and after the zoom. The post zoom display can, ·if necessary, be smaller; 
however, if it is larger, it will most likely overshoot the CRT and there may be 
·problems programming the CRTC. The best way to determine the size of the zoom window 
is to divide the times one format X and Y axes, in cells, by the zoom factors to be 
used. If the result is not an interger value, choose the next lower integer. For 
example, if a times two X and Y zoom was made into the display of a RGB-GRAPH/64 (64 x 
64 cells), the area to be enlarged would be 32 cells x 32 cells. If a distorting zoom 
of 4 times on the Y axis and 3 on the X axis was made into the same display, the area 
to be enlarged would be 21 cells (X axis) by 16 cells (Y axis). Table 4.2 gives the 
sizes, in cells, of zoom windows to be enlarged for X-Y zooms of 2 and 4. 

RGS-GRAPH 116 132 164 

AXIS X Y X Y X Y 

TIMES 2 16 Cells 16 Cells 32 Cells 16 Cells 32 Cells 32 Cells 
TIMES 4 8 Cells 8 Cells 16 Cells 8 Cells; 16 Cells 16 Cells 

Figure 4.2 - 'mE mST USED ZOOM WINDOW SIZES 

When doing a zoom, the user first decides the X and Y zoom factors to be used, and 
then, knowing the times 1 format, he determines the Size of the zoom window. He then 
places an imaginary frame the size of the zoom window around the part of the image to 
be enlarged. The row and column numbers of the cell in the upper left hand corner of 
that frame are then written to CRTC register Rl2 and Rl3 respectively. Finally, the 
zoom factors are written to Control Register No. 2 (see Section 4.3.9) and the format . 
parameters in the CRTC Registers are adjusted to accommodate them. This adjustment is 
necessary because the Dot Clock is set by the X zoom factor and the number of scan 
lines per pixel is set by the Y-zoom factor. 
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4.4 1!!§. ~ FUNC!ION (<hnt' d) : 

Table 4.3 shows the CRTC register values for non-distorting times 2 and times 4 zooms. 
When other zoom factors are used, the adjusted CRTC register values can be calculated 

.using the formulas found in section. 4.2. 

RGS-GRAPH 116 132 164 

ZOOM FACTORS 2 X 2 4 X 4 2 X 2 4 X 4 2 X 2 4 X 4 

AMERICAN I EUROPEAN 60HZ eoHZ 60HZ !SOHZ 60HZ !!SOHZ 60HZ .!SOHZ 60HZ !SOHZ 60HZ 50HZ 

CONTROl. REGISTER NO.2 I77H 77H A7H A7H 77H I77H A7H!A7H 77H I 77H A7H A7H 
HORIZONTAl. TOTAl. I13H DH 09H 09H 27H I 27R 13KI13H 127R 27H I 13H 13R 

HORIZONTAl. DISPI.AYEO lIaR lOH 08H aSH 20R I 20H 10H lOR 20H 20RI10H lOR 
H. SYNC POSITION 10H lOR 08H OSH 23H : 23R 11H 11H 23R 23H! 11R llH 
V. AND H. SYNC WIDTH 32H 32H 31H 31H 33H i 33H I 32H 132H 33H I 33H 32H 32H 
VERT! CAL TOTAl. orn 12H 07H OSH ern 112H 07H 08H 1m 26H OFH 12K 
VERTICAl.. ADJUST 04H 08H 04H 18H 04H ! 08H 04H 18H 04H OOH 04H 08H 
VERTICAl. DISPI.AYED OEH 10H 07H OSH OER 110H I 07H OSH 11ER 20H OEH 10H 
Y. SYNC POSITION orn ,11H 07H 07H om I IlH 07H 07H lEH 24H i orn 11H 
MODE CONTROl. 04H 04H 04H 04H 04H i 04H 04Hj04H 07H 07H! 07H 07H 
SCAN I.INE orn om 1m IFH om .; OFH 1m IFH OFH OFH 1FH 1FH 

- - -. 
Table 4.3 - EORMAT PARAMETERS EOR NON-DISTORTING ZOOMS 

Figure 4.2 represents a 256 x 2S6 display and shows three areas (A, Band C) that might 
be zoomed into USing X and Y zoom factors of 4. Note that where the zoom window 
overshoots the display it wraps around. 

t 
t 

32 

'" 

32 

2 

Figure 4.2 - TYPICAL ZOOM AREAS IN A 256 X 256 FORMAT 
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5.0 STRAPS: 

Strap options on the RGB-Graph are implemented by interconnecting numbered wire wrap 
pins. In this malrual, straps between any two wire wrap pins are referred to in the 
following ways: 

14-15 IN indicates that wire wrap pin 14 is connected to wire wrap pin 15. 
14-15 OUT indicates that wire wrap pin 14 is not connected to wire wrap pin 15. 
14 --.15 indicates that wire wrap pin 14 is connected to wire wrap pin 15. 

5.1 I/O BASE ADDRESS STRAPS: 

ADDRESS BIT ADRB ADRA ADR9 ADR8 ADR7 ADR6 ADR5 ADR4 
CORRESPONDING STRAP ~49-56 *50-56 *54-56 *53-56- 52-56 48-56 55-56 51-56 

BIT = ZERO OUT OUT IN IN IN IN IN IN 
! 

BIT = ONE IN IN OUT OUT OUT OUT OUT OUT 

*Not used with 8-bit Also Strap 45-46 IN 46-47 OUT For 8-Bit Address 
I/O address 45-46 OUT 46-47 IN For 16-Bit Address 

Table 5.1 - I/O BASE ADDRESS STRAPS 

5.2 DATA STRAPS: 

Table 5.2 shows how the RGB-Graph's 4 bit data port can be strapped to ay 4 bit nibble 
in the Multibus's 16 bit data bus. 

INTERNAL PIN AS-SHIPPED PIN BUS 
DATA BUS STRAPS DATA BUS 

~ 
16 OAT 0 

MDO 20 12 OAT 4 
8 DAT 8· 

RED 4 DAT 12 

I~ 
15 DAT 1 

MDI 19 11 DAT 5 
7 DAT 9 

BLUE 3 OAT 13 

~ 
14 OAT 2 
10 DAT 6 

MD2 18 
6 OAT 10 

GREEN 2 DAT 14 

~ 
13 OAT 3 

9 OAT 7 
MD3 17 5 DAT 11 

OVERLAY 1 DAT 15 

Table 5.2 - DATA STRAPS 
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5.2 ~~STRAP.;.........;_S (Cbnt' d) : 

The nibble selected must be completely within either the high byte or the low byte, and 
depending on which byte it occupies one of the two following two strap configurations 
must be implemented. 

DATA PORT IN LOW BYTE (AS-SHIPPED) = 32-33 IN 28-29 IN 
DATA PORT IN HIGH BYTE = 31-3.2 IN 29-30 IN 

5.3 IMA BASE ADDRESS: 

Table 5.3 shows the straps used to set the base address of the lK block of system 
address space used for DMA transfers. 

ADDRESS BIT ADI3 ADI2 ADII ADIO AORF ADRE ADRD ADRe ADRB AORA 

CORRESPONDING STRAP 36"44 39-44 43-4.4 42-44 35-44 34~4~ 38'-44 40,-44 41"-44 37-4~ 

BIT :: ZERO OUT OUT OUT OUT OUT· OUT OUT OUT OUT OUT 
BIT :: ONE IN IN IN IN IN IN IN IN IN IN 

Table 5.3 - DMA BASE ADDRESS STRAPS 

5.4 STRAPS FOR CONTROL REGISTERS 1 AND· 4: 
. 

Bits 0-3 of Cbntro1 Register 3 and 4 must be strapped to the same Multibus data lines 
used by bits 0-3 of the data port (see table 5.4). 

REGISTER PIN AS-SHIPPED PIN BUS 
BIT . STRAPS DATA BIT 

~ 
80 DAT 0 

VEN 0 91 DAT 4 
and 96 78 DAT 8 

WEN 0 
94 DAT 12 

~ 
81 DAT 1 

VEN 1 
79 D~T 5 and 86 

WEN 1 90 DAT 9 
93 DAT 13 

~ 
92 DAT 2 

VEN 2 87 DAT 6 
and 85 

83 DAT 10 WEN 2 
89 DAT 14 

VEN 3 ~ 
82 DAT 3 

and 95 77 DAT 7 

WEN 3 84 DAT 11 
88 DAT 15 

* For bigb byte access strap 159-158 IN, 159-160 OUT, 159-161 OUT. 
For low byte access strap 159-160 IN, 159-158 OUT, 159-161 OUT. 
For word access strap 159-161 IN, 159-158 OUT, 159-160 OUT. 

Table 5.4 - MASK REGISTER STRAPS 
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5.5 FRAME GRAB STRAPS: 

Each of the RGB-Grap~s bit planes can be strapped to any of the 8 data lines on the 
video bus (J3). Table 5.5 shows the appropriate straps. 

81 T PLANE PIN AS- SHIPPED PIN J3 -PIN 
STRAPS 

141 29 
0 151 "- - 145 33 

1 150 .... 143 30 - 146 34 

2 149 I-.. 142 31 - 140 35 

148 
144 32 

3 ... 147 36 

Table 5.5 - FRAME GRAB STRAPS 

None of these straps are installed when the board is shipped. 

5.6 TTL VIDEO STRAPS: 

The RGB-Graph's 4 TTL video signals can be strapped on anyone of the 16 lines on the 
video bus (J3). Table 5.6 shows the wire wrap pins used to accomplish this. 

TTL VIDEO PIN AS-SHIPPED PIN J3 PIN STRAPS 

112 12 
117 16 

0 123 122 20 
127 24 
III 13 
116 17 

1 118 121 21 
126 25 
110 14 
115 18 

2 113 120 22 
125 26 
109 15 
114 19 

3 108 119 23 
124 27 

Table 5.6 - TTL VIDEO STRAPS 

NOTE: None of the TTL video straps are installed when the board is shippede 
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· 5.7 SYNC AND BLANKING STRAPS: ------
Table 5.7 shows how the horizontal and vertical sync. {positive and inverted can be 
connected to J2 and Jl. 

SOURCE PIN STRAPS PIN DESTINATION 

H. Sync 128 129 J2-Pin 1 -. H. Sync/ 130 ..... 
v. SynC 133 132 J2-Pin 9 ~ v. Sync/ 131 .... 
H. Sync/ 136 137 J3-Pin 8 

v. 'Sync/ 138 139 J3-Pin 9 

C. Blank/ 135 134 J3-Pin 10 

Note: Straps should not cross the horizontal 
lines in the center column. 

Table 5.7- SYNC AND BLANKIID STRAPS 

5.8 REGISTER READ DISABLE STRAPS; 

When 2, 3 or 4 RGB-Graphs are used in parallel, it is necessarY, on all but one board, 
to disable read access from all registers except the Data Register. This is done by 
installing the straps shown below: 

5.9 V ~SET/STRAP: 

REGISTER ACCESS (AS-SHIPPED) III 73 - 72 IN 
NO REGISTER ACCESS ... 72 - 71 IN 

When the RGB-Graph is used with another RGB-Graph or its sister alphanumeric 
controller, the ReB-Alpha, it must generate a vertical reset pulse to synchronize the 
two boards. A strap between wire wrap pin 106 and wire wrap pin 107 will cause this 
pulse to be generated on pin 6 of the video b.ts (J3). This strap must be out when the 
RGB-Graph is in a single board configuration. (see section 9) 

5.10 CHARACTER CLOCK STRAP: 

When the strap between wire wrap pin 100 and wire wrap pin 101 is removed, the internal 
Character CloCk is disable and must be supplied from some external source at pin 4 of 
J3. This configuration is used when the board is operating as a slave (see section 9). 
Normally this strap is installed and will be installed when the board is shipped. 
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.,?ll MASTER SLAVE STRAPS: 

The straps given in table 5.8 are used to configure the RGB-GRAPH as a master, a pseudo 
master, or a slave. Also see section 9.0. 

9B-97* 100-101 10~107 156-155 156-157 134-135 13B-139 136-137 73-72 72-71 162-163J 
}1ASTER IN IN IN IN OUT IN IN IN IN OUT IN** 
PSEUDO MASTER OUT IN OUT IN OUT IN IN IN IN OUT IN** 
SLAVE OUT OUT OUT OUT IN OUT OUT OUT 

* Substitute 99 for 97 When RGB-GRAPH/16 IS USED. 
** Necessary only when RGB-Alpha is in the system. 

NOTE: 106-107 tmlst be out for stand alone board. 

Table 5.B - ~fASTER SLAVE STRAPS 

OUT IN OUT 

5.12 BIT PLANE CONTROL STRAP: 

The fourth output Channel can be disconnected from the green and grey scale drivers, 
and can be connected to overlay the other three video channels. The overlay can be an 
OR, EXCLUSIVE OR, AND, or NAND function depending on the IoC. used for A91 (see table 
5.9). 

OVERLAY LOGIC FUNCTION A9l 
OR 74LS32 AS-SHIPPED I 

EX OR 74LSB6 

AND 
. 

74LSOB 

NAND 74LSOO . 

Table 5.9 - OVERLAY I.C. SELECTION 

The straps that must be implemented are as follows: 

5.13 LIGHT PEN STRAPS: 

OVERLAY = 103-104 IN, 102-105 IN 
NO OVERLAY (AS-SHIPPED) - 102-103 IN, 104-105 IN 

If one of the following straps is installed, a light pen hit will generate a hardware 
interrupt to the CPU. 

153 - 152 IN 
153 - 154 IN 
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6.0 CIRaJIT DESCRIPTION: 

s 

The following circuit description should help the user to understand some of the more 
involved sections of the RGB-Graph's logic. While reading it the user should refer to 
the schematics at the back of this manual. Where more than one gate is found in an 
i.~, individual gates are referred to by their output pin: thus Ale-I is the gate in 
AIO that has its output at pin I of the I.e. package. 

V IDEO 
, 

BUS ~ 
TTl. VIDEO 

COMPOSITE 
VIDEO 

0 I' if ,,~ 
VIDEO 1= 

SYNC AND ) ") I 1 
OUTPUT I--

B .. ANKING S-eLX MAIN 
TIMING t + f -.-1 1 I--

LOGIC ~ 

BIT PLANE BIT PLANE BIT PLANE BIT PLANE 

NO.3 NO.2 NO.1 MO.D 

!+ +1" .+ ~ .. ~. • 
ADDRESS MEMORY 

I FRA"!1f9!,:'B ADDRESS 

~ 110 'aiic1~ESIH ~ POSITION tmt 
-f 1 
M~MORY 1;",i18 Do~1 
~c;,.1~o~S ~' 1Iff'l.~. 

~ DMA POSITION ~ 

~ 
~ 

ON-BOARD 
-~. 

REFR 
110 REAOIWRIT! AOOR~~ 
ENABLE 

~ I/O CRTC 
DECODE I 

t ON-BOARD 
10-. ,--

I' E~ READ WRrT! - ~g~~~<; 4 
READ WRITE SIGNA .. S 

LOGIC 

I • I V-

I~NTROL II I~~!' .. I ~;". VECTOR 
REGYsTEAl I REGfSTER 1 IC~~~ST~'R 1!~~s~'R I 0 

REGISTER I~!~~STER "T;tu REGISTER 0 

1" • "' . l' 1"- "t • 't 
-$ DATA 

lACKI BUFFER 

DATA 

i MULTIBUS 

Figure 6.1 - BLOCX DIAGRAM OF RGB-GRAPH 
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6.1 .BIT PLANE: 

Figure 6.2 is a block. diagram of bit plane zero and its associated data q.ccess c~ips. 
The RCB-GRAPH can have up to four circuits like this. The display memory for each bit 
plane is composed of four RAMs. When the memory is read; all four RAMs are accessed 
simultaneously, providing four bits corresponding to four consecutive pixels in the 
display. If the access is part of a display refresh operation, the four bits are 
latched into ASS, then loaded into AS3 and shifted out as serial video data. If the 
access is a read to the Multibus , multiplexer AS4 allows only the bit addressed by XO 
and Xl from the X-Register to go to the data port register (Al4). Data enters the bit 
plane via the multiplexer AS2 which selects either the data port or the frame grabber 
port as the data sourc~ When the source is the data port, the data bit is presented 
to the inputs of all four RAMs and only the write enable line of the RAM containing the 
bits' destination is activated (see section 6.5). When the source is the frame grabber 
port, incoming serial data is first converted to parallel data in the right half of 
AS3, then four bits are simultaneously written into the bit plane: one bit to each of 
the RAMs. NOte that when the RCB-Graph is operating in continous frame grab mode, the 
video data continues through AS3 to the video output section. 

SYNRDI 
XO 
Xl 

FDS 
HRSI 

SERIAL 
VIDEO 

FDSI SH/l DClK 

TO and FROM DATA PORT 

Figure 6.2 - BIT PLANE NO. 0 
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6.2 CENTRAL TIMING: 

Figure 6.3 is a block diagram. of the RGB-Graph's central timing section. It generates 
most of the board's. timing signals and is controlled principally by crL23-crL25 (the X
zoom factor), which set the divisor used by the Dot Clock (A70), the Load Clock (A71), 
and the Cell Clock (A72). A divisor of one is used for zoom by one, a divisor of two 
is used for zoom by two, and so on. A46 enables the Load Clock every 4 SCLK Cycles 
and enables the Cell Clock (CCLK) every 8 SCLK. cycles. Figures 6.4 and 6.5 show the 
timing of A7o-A72 for zoom times one and zoom times two. 

r o 1 
SClKI I X2 

To MEMORY 
ACCESS 
CONTROL 

OClKI MAClK 
+1 - 8 + By 16 ~ RAM 

A70 1r TIMING 
A46 

X- ZOOM 3 3 E E E 

From CONTROL +1- 8 I + 1 - 8 A23 &A22 
REGISTER;lt2 A71 A72 

1 F!S/' ~ *3 t3 ~ LIGHT PEN 
PIXEL 

X-~fg61ON CelK SYNC 
To AUXiliARY PRMEM 

LIGHT PEN 
REGISTER REF!. REF2 

4- A92 lO! 
X- PAN 

X-PAN . Co"~~~~L CelK! 
From CONTROL 

REGISTER #2 

LOI 

ceLK 

SCLK 

OCLK 

LO 

ceLK 

To SYNC 
CONTROL 

A]2 

. 

Figure 6.3 - TIMING SECtION BLOQ{ DIAGRAM 

J1~ ____ ~n~ ______ ~n~ ____ ~n~ ______ ~n~ _______ rL 

~ L 

Figure 6.4 - X-ZOOM BY ONE TIMING 

_____ ~r1~ ____________ ~ri~ ____________ ~~ 

Figure 6.5 - X-ZOOM BY 'N) TIMING 
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6.2 CENTRAL TIMING (Cont' d) : 

The three least significant outputs of A46 are used to address a PROM (A23) which 
generates a series of timing signals for the memory. The relation of these signals to 
several other timing signals is shown in figure 6.6. Note that the form of the signals 
depends on the state of CCLK and PRMEM which are also connected to the PROM's address 
lines. Also note that the display is refreshed when CCLK is high and that there are 
two memory reads during that period (CAS goes low twice); four bits are read out of 
each bit plane when CO is low and another four bits are read out when CO is high. The 
period during CCLK low is reserved for accesses from off-board. PRMEM goes high for 
both frame grab and preset memory operations and the only difference in timing between 
these operations is that FOS/ is gated on by FGR/ during frame grab. 

SClK 

CClK 

RASI 

CASI 

i/c 
co 
FGR/· 

______ ~r---1~ ____________ ~r___l~ ____________ ~r___l~ ____ __ 

VFRAM/ _______________________ ~~----------------------------------
• PRMEM ~ 

FDS/· LJ LJ LJ 
HRSI u--L..J 
WRSI 

SH/lP --.n _____ ---Jn~ ______ _'n ... _____________________________ _ 

I .. E------~) FRAME GRAB Of PRESET .E-----_) 

• FGR and FDS ARE NOT ACTIVE DURING PRESET 

Figure 6.6 - MEMORY TIMIN:; (X-ZOOM BY ONE) 

The central timing section also controls the light pen and the X-pan functions at the 
pixel resolution level. Al06 holds the position of the scan as it moves through each 
cell and provides this information to the Auxiliary Light Pen Register. A92 sets the 
position of the horizontal sync pulse in response to the CTL20-CTL22 (X-PAN) from 
Control Register No.2. 

6.3 FRAME GRAB AND PRESET CX>NTROL: 

Figure 6.7 shows a simplified version of the circuit used to control frame grab and 
memory preset operations. The circuit synchronizes these operations with the VFRAM • 
signal which indicates the start of each new frame. The two flip flops, A96-5 and A 4-
5, are part of Control Registel;' No. 1 and hold bits 6 and 7 respectively. Note that 
PRMEM, which goes to the memory timing PROM (A23) , goes high when either a frame grab 
or a memory ·preset operation is initiated. Also note that the Q output of A4-5 is read 
as bi t 7 of the Status Register. 
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6.3 ~ ~ ~ PRESET OONTROL (Cone d) : 

cn 15 (FOC) 

806 (FOS I 

PRMEM 
~ 

A 
807 (PRESET I 

P .. Qf-- P 
D Q 0 ~O Q FOR 

~ 

wcnll "" -5 ""-9 A96-5 FORI 
(From 110 ~I> ~ I> Q ...,... 

DECODE) R R R 

1:...r 
8071 

V FRAMEI 

I 
V FRAME 1 r 
STATUSI (From 110 OECODI!"I 

Figure 6.7 - FRAME GRAB AND PRESET CDNTROL 

6.4 MEMORY ACCESS <X>NTROL: 

The RGB-Graph's display memory can be addressed by either the CRTC or the X and Y 
Registers. The CR.TC does so to refresh the display or to do frame grab or preset 
operations; the X and Y Registers do so when there is an external access from the 
sYst.em CPU or a DMA controller. Since refresh is an on-going process it takes 
precidence, and the four multiplexers, A34, A35, AS7, ASS (see schematic), normally 
connect the memory address lines to the CRTC. When an external access occurs the 
address multiplexers are switched to the X and Y Registers by BCLE from the circuit 
shown in figure 6.8. This circuit arbitrates conflicts between external and internal 
accesses of the display memory. 

MWR 
"- OWl 

W~I~HI ~ 
0 

WDATA L I 

MACLK 

CLiPI 0 Q ~ 
A3 -8 -

11012 lIeLE 

~ R 
WOOTI 

P 

f 
o P ~ SYNWRI \. 

0 Q 0 QI-- Q 

SELl A2" ,,2" A3 - I R...Y SVN RDI "-I> is Q 
R R R 

.y 
CCLKI 

'--'f V:5~~R 

Figure 6.8 - MEMORY ACCESS ARBITRATION LOGIC 
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6.4 MEMORY ACCESS CONTROL' (Cbnt'd): 

. The CRTC accesses the display memory only when the CCLK is high, at which time the 
accessed data is latched into A83 and A85 which mask the display from the display 
memory. Because of this, the CCLK low period is available· for external access. The 
circuit in figure 6.8 delays any external access until the start of the CCLK low period 
at which time BCLE is generated and the access is made. Figure 6.9 shows the timing 
involved in this procedur~ 

MAeLK 

ceLKI 

SEL I It 

AJ -0/ It 

BeLE 

* SEL/ AND A3-Q/ ARE INITIATED BY AN EXTERNAL ACCESS AND THEIR POSITIONS IN THIS 
DIAGRAM ARE ARBITRARY WITH RESPEcr TO THE OTHER TIMING SIGNALS. 

Figure 6.9 - BCLE TIMING (ZOOM BY ONE) 

Note that BCLE will be generated by either the trailing edge of SEL/ initiated from the 
Multibus or a A3-Q! initiated from the video bus. A3-Q/ signals a write operation 
resulting from an access to the Vector Register (BD12=WRT). 

When the CLIP/ signal is low, it indicates that there is an overflow condition in the X 
and Y Registers and it will inhibit BCLE, preventing any externally initiated access. 
Note that CLIP/ does not go low when there is an overflow during a DMA transfer. 

6.5 DISPLAY MEMORY WRITE ACCESS: 

BIT PLANE No 0 
WO 

RAM 0 PROM PROM 
ADDRESS OUTPUT WI RAM 1 

LINES LINES 

~ + J W2 RAM 2 WENO 
) W'.l WEN RAM J 

A67 

X lone:! XO W4-W7 To BIT PLA NE 1 

CE 
WRSI + SYN WRI ::J + 

CE 
W8-W11 To BIT PLAN E 2 

PRMEM --. 
A44 

WEN 2 WI2-WIS To BIT PLAN E 3 
WEN 3 

Figure 6.10 - DISPLAY MEMORY WRITE ACCESS LOGIC 
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6.5 DISPLAY MEMORY WRITE ACCESS (Cont' d) : 

. Figure 6.10 shows how tbS two PROMs, A67 and A44, control the write enable signals for 
the Display Memory. When there is a frame grab or a memory preset operation the PROMs 
are enabled by WRS/ from the memory timing PROM (see section 6.2); when there is a 
write access from off-board, the PROMs are enabled by SYNWR/ from the memory access 
section (see section 6.4). The PROMs have been programmed to enable the memory write 
lines (WO-WlS) according to the requirements defined by the signals addressing the 
PROMs. For example if XO and Xl are low and all the other addresses lines are high, WO 
will be pulled low, allowing a write to RAM 0 of bit plane O. If a WEN line is low 
access to the corresponding bit plane in interdicted. 

6.6 REFRESH ADDRESSING: 

Figure 6.11 shows how the Display Memory refresh address is taken from the CRTC. Note 
that the RAM row address (Ro-R7) is contained within the least significant part of the 
CRTC generated address to assure that the RAMs are refreshed within the required time 
limit. The Y-zoom multiplexer selects different bits of the scan line counter (RAO
RA4) as RAM row address, R4-R6, depending on the Y-zoom factor. This is done to allow 
for the fact that the number of scan lines per pixel changes with the y-zoom factor. 
The two Exclusive OR GATES, A45-6 AND A45-S, are used to assure that all of the RAM 
columns get refreshed when the larger x-zoom factors are used. In such a case, REF2 
and REF3 are automatically pulled high following each display refresh cycle, &AS/ and 
CAS/ are generated (see figure 6.6), and the unused rows are refreshed without their 
contents being displayed. In some cases 64K RAMs requiring 256 refresh addresses will 
be used in the RGB-Graph. When this occurs, the positions of R7 and C2 will be 
interchanged within the CRTC generated address to assure proper RAM refresh. 

RAO-RA2 

RAO-RA4 )RA1- RA3 
Y-ZOOM 

MUX 

')RA2- RA4 A33-A34 

MAO-MAl 

MA2 

CRTC 

MA3 

.-Jfi!> ... 
REF2 

~~ 
REF3 

MA4 .... 
MA5 

MA8-MA13 

It C7 IS ONLY USED WITH 64K RAMS 

Figure 6.11 - RAM REFRESH ADDRESS 
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6.7 VIDEO OUTPUT: 

. Figure 6.12 shows a block diagram of the video output section. The double resolution 
ftmction is implemented in A94 by multiplexing the four bit planes onto two video 
output channels with the dot clock. The video mask logic is a set of AND gates which 
allow VEN 0-3 to disable selected video channels. The contents of the overlay logic 
can be changed by the user but is shipped with OR gates which allow channel 4 to be 
superimposed on the other video outputs. The video disable block (A90) provides a 
synchronization function and allows one control bit to put the TTL outputs into a high 
impedance state. 

4 TTL VIDEO 

SDO- 503 ~ --" ---" f--" rr- 4 4 BIT DAC (GREY SCALE 
DOUBLE ---v VIDEO ---v OVERLAY r---v' VIDEO & ICOMP. VIDEO 

\ RES. MASK lOGIC DISABLE '\ '\ \i DRIVER MUX LOGIC 
2 A94 A95 A91 A90 2 BIT DAC GREEN 

DBlE RES t 2 _OR I~ER I COMPo VIDEO 
DCLK 

VIDEO IBLUE 
V EN 0-3 

I 
/COMP. VIDEO DRIVER 

VID EN (CTL 12) 

VIDEO 
RED 

SCLK • 2 I lCOMP. VIDEO DRIVER 

Figure 6.12 - VIDEO OUTPlIT SEcrION 
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7.0 CONNECTORS: 

7.1 P1 (BUS CONNECTOR): 

P1 is the standard 86 pin edge connector (.156 IN. centers) used with the Multibus. 
Table 7.1 shows the pin assignments. 

(COMPONENT SluE) (CIRCUIT SIDE) 

PIN MNEMONIC DESCRIPTION PIN MNEMONIC DESCRIPTION 

1 GND SignalGND 2· GND SlgGND 
3 +5V +5Vdc 4- +5V +SVdc 

POWER 5 +5V +5Vdc 6 +5V +5Vdc 
SUPPLIES 7 +12V + 12Vdc 8 +12V + 12Vdc 

9 N.C. 10 NC 
11 GND SignalGND 12 GND SlgnalGND 

13 N.C. 14 INTI CRTC RESET 
15 N.C. 16 N.C. 

BUS 17 N.C. 18 N.C. 
CONTROLS 19 MRDCI MemReadCmd 20 MWTCI Mem Write Cmd 

21 10RCI 110 ReadCmd 22 10WCI 1/0 Write Cmd 
23 XACKI XFER Acknowledge 24 NC 

BUS 25 Reserved 26 N.C. 

CONTROLS 27 BHENI Byte High Enable 28 AD101 

AND 29 N.C. 30 AD111 Address 

ADDRESS 31 N.C. 32 AD121 Bus 
33 N.C. 34 AD131 

35 N.C. 36 N.C. 

INTERRUPTS 37 N.C. 38 N.C. 
39 N.C· 40 N.C· 
41 INTOI 42 INT11 

43 ADREI 
. 

44 ADRFI 
45 ADRCI 46 ADRDI 
47 ADRAI Address 48 ADRB Address 

ADDRESS 
49 ADR81 Bus 50 ADR91 Bus 
51 ADR61 52 ADR71 
53 ADR4I 54 ADR51 
55 ADR21 56 ADR31 
57 ADROI 58 ADR11 

59 DATE I 60 DATFI 
81 DATCI 62 DATDI 
63 DATAl Data 84 DATBI Data 

DATA 85 DATal Bus 66 DAT91 Bus 
67 DAT61 68 DAT71 
69 DAT41 70 DAT51 
71 DAT21 72 DAT3: 
73 DATOI 74 DAT1I 

75 GND SignalGND 76 GND SignalGND 
77 Reserved 78 Reserved 

POWER 79 -12V -12Vdc 60 -12V -12Vdc 
SUPPLIES 81 +5V +5Vdc 82 +5V +5Vdc 

63 +5V +5Vdc 84 +5V +5Vdc 
85 GND SlgnalGND 86 GND SignalGND 

Note that -12V is required only with /16 models 
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7.2 J1 (COMPOSITE VIDEO): 

. J1 is a 10 pin right angle header (0.100 IN.) that mates with the AUP II 87922-1 or 
equivalent. It is used for the composite video outputs. Note that coaxiale cable can 
be attached to this connecter. 

PIN SIGNAL PIN SIGNAL 

1 GREY SCALE 6 GROUND 

2 GROUND 7 BLUE VIDEO 

3 RED VIDEO 8 GROUND 

4 GROUND 9 N.C. 

5 GREEN VIDEO 10 GROUND 

* The Red output is used for monochrome monitors when only one bit plane is used. 
Table 7.2 - J1 PIN ASSIGNMENT 

09 07 05 03 01 

010 08 C 6 04 C 2 

PIN CONFIGURATION LOOKING 
INTO J1 OR J2 

FIGURE 7.1 - PIN OONFIGURATION J1, J2 

7.3 J2 (DIRECT .E!!.Y!. OUTPUTS): 

J2 is a 10 pin right angle header (0.100 IN.) that mates with the AMP. 81'922-1 or 
equivalent. It provides the signals required by direct drive monitors. 

PIN SIGNAL. PIN SIGNAL 

1 HORIZONTAL DRIVEl 6 GROUND 

2 GROUND 7 TTL VIDEO BLUE 

3 . TTL VIDEO RED 8 GROUND 

4 GROUND 9 VERTICAL DRIVEl 
5 TTL VIDEO GREEN 10 GROUND - - - --

Table 7.3 - J2 PIN ASSIGNMENT 

7.4 J3 (VIDEO BUS): 

J3 is a 50 pin right angle header (0.100 IN.) that mates with the UOLEX 15-25-4505 
(114700) oJ:' equivalent. It is the connector for the Uatrox Video. Bus. 
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7.4 J3 (VIDEO BUS) O:>nt'd): 

PIN SIGNAl PIN SIGNAl 
1 GROUND 26 VIDEO DATA E 
2 EXTER...'lAl CLOCK 27 VIDEO DATA F 
3 GROUND 28 GROUND 
4 EXTERNAl CCLK SYNCI 29 FRAME GRAB 0 
5 GROUND 30 FRAl1E GRAB 1 
6 .VRESET 31 FRAME GRAB 2 
7 GROUND 32 FRANE GRAB 3 
8 HORIZONTAL SYNC/ 33 FRAME GRAB 4 
9 VERTICAl SYNCI 34 FRA."IE GRAB 5 

10 COMPOSITE BLA.~ING 35 FRA.'1E GRAB 6 
11 GROUND 36 FRA.'1E GRAB 7 
12 VIDEO DATA 0 37 GROUND 
13 VIDEO DATA 1 38 RED TTL VIDEO - RGB-Aloha 
14 VIDEO DATA 2 39 GREEN TTL VIDEO- RGB-Alpha 
15 VIDEO DATA 3 40 BLUE ITL VIDEO - RGB-Alphc 
16 VIDEO DATA 4 41 BG TTL VIDEO 
17 VIDEO DATA 5 42 GROUND 
18 VIDEO DATA 6 43 INC X 
19 VIDEO DATA 7 44 DEC X 
20 'VIDEO DATA 8 45 INC Y 
21 I VIDEO DATA 9 46 I DEC '[ 
22 VIDEO DATA A 47 WR7 
23 'IIDEO DATA B 48 GROtr.ID 
24 VIDEO DATA C 49 VECTOR l>.nc:V' 

25 VIDEO DATA D 50 CR'lC Reset! 
Also see Sections 5.5 and 5.7 

Table 7.4 - J3 PIN ASSIGNMENT 

7.5 l± (LIGHT PEN): 

J4 is a 10 pin rightangle header (0~100 IN.) that mates with the Molex 15-25-5103 # 
4700 or equivalent. It is used for light pen signals. 

PIN SIGNAL PIN ,SIGNAL 
1 LP ENABLE 5 + 5V 
2 N,C. 6 N.C. 
3 LP STROBE 7 GROUND 
4 N.C. 8 GROUND 

Table 7.5 - J4 PIN ASSIGNMENT 

Note: Pins 9 and 10 are not connected. 
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8.0 READ/WRITE TIMING: 

8.1 mA ACCESS TIMING: 

PARAMETER DESCRIPTION MIN. MAX. UNITS 

t AS Address Set-up Time 0 ns 
t AH Address Hold-Time 0 ns 
tACK Acknowledge Time 110 1100* ns 

-- ----
t TO CMD t To XACK t 50 ns 
t os Write Data Set-Up Time 0 ns 
t OHw Data Hold Time For Write 0 ns 
t ACC CMD To Data Valid (Read) 40 40 ns 
t OHR Read Data Hold Time 0 10 ns 
t DXL Read Data Set-Up to Xack .,80 1100* ns 

* Fran previous CMD (2.2 us for RGB-GRAPH/32 or /16 

Table 8.1 - READ/WRITE TIMING PARAMETERS 

-I tAH ,---
AODRESS X ADORESS VALID X 

--I 'ASt MWRC/ 

~~~ " tACK 

XACK/ I .. t DS --.1 tCMD -, tOHW 1 ___ 
OATA X DATA VALlO X 
BHEN/ " USED ONLY FOR 16 BIT OATA TRANSFERS / 

RAM WRITE 

AOORESS * ADDRESS VALID X 
MRDC/ I .. tACK 

XACK/ 

1 I .. I ... t DHR . tACC 

DATA X>O<X DATA VALID X 

i BHEN/ USED ONLY FOR 16 BIT DATA TRANSFERS / 
RAM READ 

Figure 8.1 - READ/WRITE TIMING 
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8.2 Iio ACCESS TIMING: 

PARAMETER DESCRIPTION MIN. MAX. UNITS 

, AS Address Set-Up Ti~e 0 ns 

'AH Address Hold Time 0 ns 

, ACK Acknowledge Time 8~ ns 

f TO CMD t To XACK' 80- ns 

, os Write Data Set-Up Time 0 n 

tOHW Data Hold Time For Write .0 l' 

t ACC CMD To Data Valid (Read) 0 6Q n 

tOHR Read Data Hold Time 30. 00-: n 

Table 8.2 - CONTROL REGISTER READ/WRITE TIMIN:; PARAMETERS 

• 

ADDRESS X ADDRESS VALID X . 
---I t AS 

i; . I--'AH ... I 
IOWCI 

~ltNtTO tACK 

XACK/ I. ---I ·,OS 'CMO .1 tOHW 1-
DATA X DATA VALID X 

CAl WRITE TO CONTROL REGISTER 

---I 'AS 1---
ADDRESS X ADDRESS VALID X 
lORCI 

• tACK 

XACKI 

I~ I ..... 'OHR t Ace ·1 --. 
DATA >00< DATA VAUD X 

ca) READ FROM CONTROL REGISTER 

Figure 8.2 - CONTROL REGISTER READ/WRITE TIMING 
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9.0 APPLICATIONS: 

9.1 COMBINED RGB-GRAPH AND RGB-ALPHA: 

The RGB-Graph and the RGB-A.lpha can be synchronized and their video outputs can be 
mixed to provide a combination alphanumerics and graphics display. This is 
accomplished by simply interconnecting the two boards as illustrated in figure 9.1 and 
programming their CRTC's to conform to the constraints imposed by formulas 1 through 8. 

MASTER 
RGB-GRAPH 

SLAVE 

RGB-ALPHA 

ICLKl 
J3-2 EXT ClK J3-2 111'::fii3 

~--~~-~~~---=t+....:..:.:.f 112 

---J3-A 

J3-S0 

CRTC 
J3-6 

~~---f...1!~~~~~H---::It: 
~~~---4~~4~-~~~+H~~----~~n 

Figure 9.1 - RGB-GRAPH WITH RGB-ALPHA. 

PROGHAMMING FORMULAS FOR COMBINED RGB-GRAPH AND RGB-ALPHA 

1. H. TOTAL x H. DOTS/CELL [GRAPH] - H. TOTAL x H. DOTS/CELL [ALPHA] 

2. H. SYNC POSITION [GRAPH] = (H. TOTAL - 1) - (3 CHAR) [GRAPH] 

3. V. SINC WDJrH + v. SINC POSITION [GRAPH] - (V. TOTAL - 1) + V. ADJUST [GRAPH] 

4. V. SYNC WIDTH [GRAPH] ,. AN ODD NtJMJmR 

5. H. SYNC WIDTH [GRAPH] :0 1 

6. V. TOTAL [GRAPH] = V. TOTAL [ALPHA] 

7. V. ADJUST [GRAPH] ,. V. ADJUST [ALPHA] 

8. V. SYNC POSITION [GRAPH] = V. TOTAL [GRAPH] 

Note that when these two boards are combined the RGB-Alpha can not have character cells 
11 dots wide and its cursor blink function will not work in non-interlaced displays. 

These programming formulas are also used when two RGB-Graph boards are used together. 
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9.2 VAF-512: 

Camp 
Video 

Figure 9.2 shows one application where the RGB-Graph is used with Matrox's new VAF-512, 
which will be available in the second half of 1981. A more complete block diagram is 
given in figure 9.3 and a preliminary data sheet for the VAF-512 is also included in 
this section. 
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Figure 9.2 - RGB-GRAPH, RGB-ALPHA, VAF CDMBINATION 
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9.0 APPLiCATIONS (Cont' d) : 

mal.oN <. y a) elect Ionic IY/telftl ltd. 
S800 ANDOVER AVE .. T.M.R .. QUE .. H4T lH4. CANADA 
TEl.. 514-735-1182 TEI.EX: 05-825651 

VIDEO PROCESSOR BOARD 

* Mds high speed video processing to the 
lGl-GW.'H 1:aud 

* REel. t.iJ:e fm:1e grctiler with 8 bits/pbel 
O!/U) cr 12 bits/pbel (ooler) 

* Sl2xSl2 cr 5l2x256 J:eSOlntiat 

* 4 video irplts video switd1er with 6O:3B 
c:harn!l isolatial 

* Built-in phase lock loop and video 
separator 

* Video laX""'P table with 0Jer 16 mi.ll:icn 
displ.ayabl.e ccl.cxs 

The VAl-~lZ board 1 •• hlah .,.ed vi •• o prOC .... f 'boarel 
dtHIl .... to enhance the perforunc:. of Hatl'Oll. color af.pble: 
lIYot... (1IC..cRAPII). It pl.... into ."" .,andord MulU",,"
bockpL1no and i.'.rf .... vith tile 1lC_ (0. up to 3 IlCI
CIAPII belerdo and 0.. IlCI-AIJ'IIA) "i. • 01",10 51>,01. rtb_ 
cable. tho VAF-512 coui ... of tbraa indepondant functional 
blocko; v1400 dillt1ze. (YD), "Idao look-up pr_ao. (VP) 
and • _tor _.ator ('IC). 

- DICI.TlZIIR (VD)- c_ala a hiab-s,...s, 1_ .. _ 
... l,tIIe. _cia ...... lao t .. QII to _. up to 4.aoaloa 
,,1400 1_. (.It ... c .. poolt. ylda. tr .. four diff ..... tv 
u .. ru or .... Cnea .... 11_ c_n outpuu) to ehe 3SttIla 
l-bit AID c_..... A p ..... lock. loop and vWoo _ •• to. 
locka Co ebe e.tena1 a,...c prO'lld" by the ca .. ra aDd 
."",.001 ... t .. IlCI-QINII belerdo. ., dialtloi,. .. G and • 
.1IMa .. po .. ,el,. o1p1f1contl, hl .... colo. 1_10 ..... Ut, 
call .. .eprGducod. 

tiDeD LOClI:ooW PIOGIssoa (ft)- baa • tbr .. _1 ( ... fD. 
_ colo.) hiab-spo" colIl&' up lAM (Jx2S6d, 4Oao). ., 
.. ppl .. t .. _ output. fre. t .. _ and IICI-.II.PIIA 
boerdo lato ~-up IAII _putS and tboa _ .. 1.. t_ 
10, .... 1., yld •• ol,uta hr 1 h1ab-.""ed a-blt D/,. 
.............. uch hl, ......... of colo .. (224. 16.777,216) 
caD be di.played. 

VIctOR GIII!IIA'!O& (VI:)-

VAF-S12 

For RGB-GRAPH FAMILY 

* ~ au am read/wrlte video la.:X-q) 
table 

* On-board bipolar bit-sl..ice au prod.des 
IWjH;peed haIdwaIe vec:txr ~tial 

* High level graphics primitives such as 
vecta:s. c:i.rcles, area fills am p:)l.}9XlS 
are exB:Uted l?f haxdware vec:txr geneta1xr 

* Dr:cwirr,J speed of 7OOls/piJcel 

* Mul.t.ibJs* cx:np.1:.ib1.e. LSI-ll/PlP-ll p.lJ.q
in ve:s!aw available s:xn 

tho VAP-5lr. 81D functional blocko. _0 dil1tloa., _0 
look-up proc •• aor aad v1deo .eaera'or, are coaplacel, 
1ndopondent of _ oc .. r with all of t .. IC'. 1D aockat. 
ru. ..... thot tlla v.,-512 caD be optla1&od for tho 
cuato •• r' •• ,.elf1e requ1reaea.c. ror au.p1. a,e, .. 
dul&OO wbicla do _ --aut .. f ...... bbi .. v1l1 _ VAP-512 
witb weco. 1O .... tloo and 100k-up ... tiona 1ocDrporotlll, 
but without tbe y,_O .181el •• r, theretora lowaria. the 
price of the board. The .... .pp11.. for tbe .,.111l.0 
1O .... to. aad 1-, ,........ ... . --VAP-51Z coo .. ordond witb "III' c .. biootloa of YD, VP and VG 
luo.po •• t" DO c" lIo.rd. 10 eddlUOD tb. VD caD be 
.pocUl111 vitb I1t"r • 6 o. l-bit AID -.arter. 

6 or &-bit AID converter 
D - Vtdeo dl,lt1ze, lnc1. 

Drdo ,t.. No.. VAF-5121 I I I L 

. P - Video procellOf incl. 
e - Vector ,pnerltor incl. 

EMIIpl.. VAF-512 PD/6 cantil ... Yl~ dll1tloa. wlth • 6-
bit AID ._ ..... nd _0 100k-up pr __ • but 

110 vector .... nCOI'. 

- n ... -w SiI ..... £t4. _ .. n,II' oo _ ~. (so """,,Coo"- II ..., _ """ w._. ""riM. IfN "" _ 
_ Ii_I .. ,.,."."." .. 1141''1'0. ~, ... ,..,.,. s, ••••• ,&tel. ,,. .,. .. _ pubU_"" .. ,. HUe .. d t. h cu ........ a4 ".'Wb. '"tl.N,., ... 
___ ..:u,. .... ......., 6iI Itc ..... 6& .. _ SiI ..... £t4. fo ...... 0; _ 10 • ..., ~ •• of po ............ ~oo of 
r/o'NI ,........ ..... ,,"" t- 'oo -- .. , ....... _ .......... ..., po._. "" po ..... 1'4/11" of __ 8100_ SiI ..... ,t4. 

FEBUARY 1981 MATROX produGts covered by Canadian and foreign patent and/or patent pending. 
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9.0 APPLICATIONS (Chnt'd): 
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Figure 9.3 BLOCK DIAGRAM OF VAF~512 

From 
RGS-ALPHA 

10.0 MAINTENANCE AND WARBANTY: 

Matrox products are warranted against defects in materials and workmanship for a period 
of 180 days from date of delivery. We will repair or replace products which prove to 
be defective during the warranty period, provided they are returned to Matrox 
Electronic Systems Limited. No other warranty is expressed or implied. We are not 
liable for consequential damages. 

u. S. customers are to return their products to our U. S. warehouse, at the following 
address: Matrox International Chrporation, Trimex Building, Mooers, N. Y. 12958. 

11.0 ORDERING INFORMATION: 

The RGB-Graph can be ordered di~ectly from Matrox Electronic Systems Limited or from 
its worldwide network of distributors. 
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12.0 CRTC DATA SHEETS: 

• Single +5 volt (±5%) power supply. 
• Alphanumeric and limited graphics capabilities. 
• Fully programmable display (rows, columns, blank-

ing, etc.). 
a Interlaced or non-interlaced scan. 
• 50/60 Hz operation. 
• Fully programmable cursor. 
• Extemallight pen capability. 
• Capable of addressing up to 16K character Video 

Display RAM. 

The SY6545 is a CRT Controller intended to provide 
capability for interfacing the 6500/6800 microprocessor 
families to CRT or TV-type raster scan displays. A unique 

INTERFACE DIAGRAM 

01lO-0B7 v---VI 

92---1 

RIW---i 

es--~ 
RS----t 

Vee GNO 

SY6545 CRTC 

,MAO·MA13 AAO·RA4 I 

J---HSYNC 

t---VSYNC 

t--- DISPLAY ENABLE 

t---CURSOR 

t---lPEN 

1---CClK 

J----rn 

VIDEO DISPLAY RAM AND CHARACTER ROM 

ORDERING INFORMATION 

Part Number Package Clock Rate 

SYC6545 Ceramic 1 MHz 
SYP6545 Plastic 1 MHz 
SYC6545A Ceramic 2 MHz 
SYP6545A Plastic 2MHz 

SY6545 

A:l]'CROPROCESSOR 
PRODUCTS 

Preliminary 

OCTOBER 1979 

• No DMA required. 

• Pin-compatible with MC6845. 

It Row/Column or straight-binary addressing for Video 
Display RAM. 

:) Video Display RAM may be configured as part of 
microprocessor memory field or independently slaved 
to 6545. 

• Internal status register. 

feature is the inclusion of several modes of operation, so 
that the system designer can configure the system with 
a wide assortment of techniques. 

PIN DESIGNATION 

GNO VSYNC 

RES HSYNC 

LPEN RAO 

CCOIMAO RA1 

CC1IMA1 RA2 

CC2IMA2 RA3 

CC31MA3 RA4/STB 

CC4/MA4 OBO 

CCS/MAS OB1 

CCSIMAS OB2 

CC7IMA7 OB3 

CRO/MAS OB4 

CR1/MA9 OB5 

CR2/MA10 OBS 

CR3/MA11 OB7 

CR4/MA12 C! 

CR5/MA13 RS 

DISPLAY ENABLE 92 

CURSOR R/;;;; 

Vee CClK 

a 01"'\ QI"'\V "''''''_Uc!/'lA • C!.aNT.a~I.aRA ~AQ!'in!'i? • TELt40B19BB-5600 • TWX:910-338-0135 



MAXIMUM RATINGS 

Supply Voltage, Vee 
InputlOutput Voltage, VIN 
Operating Temperature, TOp 
Storage Temperature, T STG 

-O.3V to+7.0V 
-O.3V to +7.0V 

O°C to 70°C 
-55°C to 150°C 

All inFluts contain protection circuitry to prevent damage 
due to high static discharges. Care should be exercised 
to prevent unnecessary application of voltages in excess 
of the allowable limits. 

SY6545 

. COMMENT 
Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress 
ratings only. Functional operation of this device at these or any 
other conditions above those indicated in the operational sec
tions of this specification is not implied and exposure to absotute 
maximum rating conditions for extended periods may affect 
device reliability. 

ELECTRICAL CHARACTERISTICS (Vee .. 5.0V ± 5%, T A .. 0-7(/ C, unless otherwise noted) 

Symbol Characteristic Min. Max. Unit 

VIH Input High Voltage 2.0 Vee V 

VIL Input Low Voltage -0.3 0.8 V 

liN Input Leakage (¢2, R/w, }fES, es, RS, LPEN, CCLK) 2.5 IlA 
ITSI Three-State Input Leakage (OBo-OB7) 10.0 IlA 

VIN '" 0.4 to 2.4V 

VOH Output High Voltage 2.4 V 
I LOAD == 205ILA (OBo-OB7) 
ILOAD - l001lA (all others) 

VOL ·Output Low Voltage 0.4 V 
I LOAD'" 1.6mA 

Po Power Dissipation 800 mW 

CIN Input Capacitance 
¢2,Rf,N,~,~,RS,LPEN,CCLK 10.0 pF 
OBo-OB7 12.5 pF 

CoUT Output Capacitance 10.0 pF 

TEST LOAD 

Vee 

2.4KSl 

I-A 
SY8645PIN I~ 

• R 

R· 11KSl FOR 080-087 
- 241Ul FOR ALL OTHER OUTPUTS 

( 



SY6545 

MPU BUS INTERFACE CHARACTERISTICS 

WRITE CYCLE READ CYCLE 

CS,AS CS,AS 

A/W AiW 

DATA BUS DATA BUS 

WRITE TIMING CHARACTERISTICS (Vcc'" 5.0V ± 5%, TA = o-70°C, unless otherwise noted) 
'. 

SY6545 SY6545A 

Symbol Characteristic Min. Max. Min. Max. Unit 

tCYC Cycle Time 1.0 - 0.5 - IlS 

tc 4>2 Pulse Width 470 - 235 - ns 

tACW Address Set-Up Time 180 - 90 - ns 

tCAH Address Hold Time . 0 - 0 - tiS 

twcw R/W Set-Up Time 180 - 90 - ns 

tCWH R/W Hold Time 0 - 0 - ns 

tocw Data Bus Set-Up Time 300 - 150 - ns 

tHW Data Bus Hold Time 10 - 10 - ns 

(tr and tf = 10 to 30 ns) 

READ TIMING CHARACTERISTICS (Vcc = 5.0V ± 5%, TA = o-70°C, unless otherwise noted) 

SY6545 SY6545A 

Symbol Characteristic Min. Max. Min. Max. Unit 

tCYC Cycle Time 1.0 - 0.5 - iJS 

tc 4>2 Pulse Width 470 - 235 - ns 

tACR Address Set-Up Time 180 - 90 - ns 

teAR Address Hold Time 0 - 0 - ns 

tWCR RiW Set-Up Time 180 - 90 - ns 

tCOR Read Access Time (Valid Data) - 395 - 200 ns 

tHR Read Hold Time 10 - 10 - ns 

tcoA Data Bus Active Time (Invalid Data) 40 - 40 . - ns 

(tr and tf = 10 to 30 ns) 



MEMORY AND VIDEO INTERFACE CHARACTERISTICS 
(Vce = 5.0V ± 5%, TA .. 0 to 70°C, unless otherwise noted) 

SYSTEM TIMING· 

b-::j- 1 
CCLK --..!f'r{ ___ ..,j!1 

I=x 
OUTPUTS 
(SEETABLEI 

Symbol 

tCCY 

tCCH 

tMAO 

tRAO 

tOTo 

tHSD 

tvso 

tcoo 

Characteristic 

Character Clock Cycle Time 

Character Clock Pulse Width 

MA()'MA13 Propagation Delay 

RA()' RA4 Propagation Delay 

DISPLAY ENABLE Propagation Delay 

HSYNC Propagation Delay 

VSYNC Propagation Delay 

CURSOR Propagation Delay . 

LIGHT PEN STROBE TIMING 

CCLKJ 

Output 

MA()'MA13 

RA()'RA4 

DISPLAY·ENABLE 

HSYNC 

VSYNC 

CURSOR 

SY6545 

Min. Max. 

0.40 40 

200 -
- 160 

- 160 

- 300 

- 300 

- 300 

- 300 

SY6545 

Parameter 

tMAO 

tRAO 

tOTO 

tHSO 

tvso 

tcoo 

SY6545A 

Min. Max. Unit 

0.40 40 IlS 

200 - ns 

- 160 ns 

- 160 ns 

- 300 ns 

- 300 ns 

- 300 ns 

- 300 ns 

\ E.LJk--<1 
LPEN ___ L_tu02--,~"",~"""gr~~,-~ ,'-__ _ 

MAo-MA13 ____ " __ .-..JX"' ___ n+_' __ ... X"' ___ n+_2 __ --'X'-__ _ 

Symbol 

tLPH 

tLP1 

tLP2 

NOTE: USoflo" time position far LPEN positive I!d9'I to ..... 
addrea n+2 ID toad inlD Light ,.., Register. 
tuo2 IIId tLP1 are time positions _Ii"" _in !'MUtts. 

SY6545 

Characteristic Min. Max. 

LPEN Strobe Width 100 -
LPEN to CCLK Delay 120 -
CCLK to LPEN Delay .0 -

tr, tf = 20 ns (max) 

SY6545A 

Min. Max. 

100* -
120 -

0 -

Unit 

ns 

ns 

ns 



MPU INTERFACE SIGNAL DESCRIPTION 
</12 (Clock) 

The input clock is the system </12 clock and is used to 
trigger all data transfers between the system micropro
cessor and the SY6545. Since there is no maximum limit 
to the allowable </12 cycle time, it is not necessary for it 
to be a continuous clock. This capability permits the 
SY6545 to be easily interfaced to non-6500-compatible 
micro processors. 

Rm (Read/Write) 

The R/W signal is generated by the microprocessor and is 
used to control the direction of data transfers. A high on 
the R/W pin allows the processor to read the data sup
plied by the SY6545; a low on the R/W pin allows a 
write to the SY6545. 

Cs (Chip Select) 

The Chip Select input is normally connected to the pro
cessor address bus either directly or through a decoder. 
The SY6545 is selected when CS is low. 

RS (Register Select) 

The Register Select input is used to access internal re
gisters. A low on this pin permits writes into the Address 
Register and reads from the Status Register. The contents 
of the Address Register is the identity of the register 
accessed when RS is high. 

DBo-DB, (Data Bus) 

The DBa-DB, pins are the eight data lines used for trans
fer of data between the processor and the SY 6545. These 
lines are bi-directional and are normally high-impedance 
except during read cycles when the chip is selected. 

VIDEO INTERFACE SIGNAL DESCRIPTION 
HSYNC (Horizontal Sync) 

The HSYNC signal is an active-high output used to deter· 
mine the horizontal position of displayed text. It may 
drive a CRT monitor directly or may be used for com· 
posite video generation. HSYNC time position and width 
are fully programmable. 

VSYNC (Vertical Sync) 

The VSYNC signal is an active-high output used to 
determine the vertical position of displayed text. Like 
HSYNC, VSYNC may be used to drive a CRT monitor 
or composite video generation circuits. VSYNC position 
and width are both fully programmable. 

DISPLAY ENABLE 

The DISPLAY ENABLE signal is an active-high output 
and is used to indicate when the SY6545 is generating 
active display information. The number of horizontal 
displayed characters and the number of vertical displayed 
characters are both fully programmable and together 
are used to generate the . DISPLAY ENABLE signal. 

SY6545 

DISPLAY ENABLE may be delayed by one character 
time by setting bit 4 of R8 to a "1 ". 

CURSOR 

The CURSOR signal is an active-high output and is used 
to indicate when the scan coincides with the programmed 
cursor position. The cursor position may be programmed 

. to be any character in the address field. Furthermore, 
within the character, the cursor may be programmed to 
be any block of scan lines, since the start scan line and 
the end scan line are both programmable. The CURSOR 
position may be delayed by one character time by 
setting bit 5 of R8 to a "1 ". 

LPEN 

The LPEN signal is an edge-sensitive input and is used to 
load the internal Light Pen Register with the contents of 
the Refresh Scan Counter at the time the active edge 
occurs. The active edge of LPEN is the low-to-high tran
sition_ 

CCLK 
The CCLK signal is the character timing clock input and 
is used as the time base for all internal count/control 
functions. 

RES 

The RES signal is an active-low input used to initialize 
all internal scan counter circuits. When RES is low, all . 
internal counters are stopped and cleared, all scan and 
video outputs are low, and control registers are unaf
fected. RES must stay low for at least one CCLK period. 
All scan timing is initiated when RES goes high. In this 
way, RES can be used to synchronize display frame 
timing with line frequency. 

MEMORY ADDRESS SIGNAL DESCRIPTION 

MAO-MA 13 (Video Display RAM Address Li"es) 

These signals are active-high outputs and are used to 
address the Video Display RAM for character storage 
and display operations. The starting scan address is fully 
programmable and the ending scan address is determined 
by the total number of characters displayed, which is 
also programmable, in terms of characters/line and lines/ 
frame. 

There are two selectable address modes for MAQ-MA 13: 

• Binary 
Characters are stored in successive memory locations. 
Thus, the software must be developed so that row and 
column co-ordinates are translated to sequentially
numbered addresses for video display memory opera
tions. 

• Row/Column 
In this mode, MAo-MA7 function as column addresses 
CCQ-CC7, and MA8-MA13, as row addresses CRo
CR5. In this case, the software may handle addresses 
in terms of row and column locations, but additional 



address compression circuits are needed to convert 
CCO-CC7 and CRD-CR5 into a memory-efficient 
binary scheme. 

RAO-RA4 (Raster Address Lines) 

These signals are active-high outputs and are used to 
select each raster scan within an individual character row. 
The number of raster scan lines is programmable and 
determines the character height, including spaces bet
ween character rows. 
The high-order line, RA4, is unique in that it can also 
function as a strobe output pin when the SY6545 is pro
grammed to operate in the "Transparent Address Mode". 
In this case the strobe is an active-high output and is true 
at the time the Video Display RAM update address is 
gated on to the address lines, MAD-MA 13. In this way, 
updates and readouts of the Video Display RAM can be 
made under control of the SY6545 with only a small 
amount of external circuitry. 

DESCRIPTION OF INTERNAL REGISTERS 
Figure 1 illustrates the format of a typical video display 
and is necessary to understand the functions of the 
various SY6545 internal registers. Figure 2 illustrates 
vertical and horizontal timing. Figure 3 sumlT!arizes the 
internal registers and indicates their address selection 
and read/write capabilities. 

Address Register 

This is a 5-bit register which is used as a "pointer" to 
direct SY6545 data transfers to and from the system 
MPU. Its contents is the number of the desired register 
(D-31). When RS is low, then this register may be 
loaded; when RS is high, then the register selected is the 
one whose identity is stored in this register. 

Status Register 

This 3-bit register is used to monitor the status of the 

VERT 
TOTAL 

VERT 
DISPLAYED 

HORTOTAL 

1\-

SY6545 

CRTC, as follows: 

171s15141 a121'1 0 1 LLNOT USED-' 

VERTICAL BLANKING 
"0" Scan currently not in vertical blanking portion 

of its timing g#,.. Scan currently is in its vertical blanking time. 

L-- LPEN REGISTER FULL 
"0" This bit goes to "0" whenever either register 

R1S or R17 il read by the MPU. 
"1" This bit goes to .. ,oo _ever a LPEN strobe 

occurs. 

1...-___ UPDATE READY 
"0" This bit goes to "0" _ register Ra, has 

been either read or writtlln by the MPU • 
.. ,.. This bit goel to .. , .. _ an UpcRte Strobe 

occurs. 

Horizontal Total (RO) 

This 8-bit register contains the total of displayed and 
non-displayed characters, minus one, per horizontal line. 
The frequency of HSYNC is thus determined by this 
register. 

Horizontal Di.splayed (Rl) 

This 8-bit register contains the number of displayed char
acters per horizontal line. 

Horizontal Sync Position· (R 2) 

Thlis 8-bit register contains the position of the HSYNC 
on the horizontal line, in terms of the character location 
number on the line. The position of the HSYNC deter
mines the left-to-rightlocation of the displayed text 
on the video screen. In this way, the side margins are 
adjusted. 

} 

NUMBER OF 
SCAN LINES 
PER 
CHARACTER 
ROW 

Figure 1. Video Display Format 
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Horizontal and Vertical SYNC Widths (R3) 

This a·bit register contains the widths of both HSYNC 
and VSYNC, as follows: 

1718151413121'101 

I I I I I I I I 84218421 , , , ' 

VSYNC WIDTH- HSVNC WIDTH 

I I 
(NUMBER OF SCAN (NUMBER OF CHARACTER 
LINESI CLOCK TIMESI 

-IF BITS 4-7 ARE ALL QOQ, THEN VSVNC WILL BE 18 SCAN LINES WIDE. 

Control of these parameters allows the SY6545 to be 

Address Reg. Reg. 
CS RS 4 3 2 1 0 No. Register Name 

1 - - - - - -
0 0 - - - - - Address Reg. 

0 0 - - - - - Status Reg. 

0 1 0 0 0 0 0 RO Horiz. Total 

0 1 0 0 0 0 1 Rl Horiz. Displayed 

0 1 0 0 0 1 0 R2 Horiz. Sync 
Position 

0 1 0 0 0 1 1 R3 VSYNC, HSYNC 
Widths 

0 1 0 0 1 0 0 R4 Vert. Total 

0 1 0 0 1 0 1 RS Vert. Total Adjust 

0 1 0 0 1 1 0 R6 Vert. Displayed 

0 1 6 0 1 1 1 R7 Vert. Sync Position 

0 1 0 1 0 0 0 R8 Mode Control 

0 1 0 1 0 0 1 R9 Scan Line 

0 1 0 1 0 1 0 Rl0 Cursor Start 

0 1 0 1 0 1 1 Rll Cursor End 

0 1 0 1 1 0 0 R12 Display Start 
Addr (H) 

0 1 0 1 1 0 1 R13 Display Start 
Addr (LI 

0 1 0 1 1 1 0 R14 Cursor Position (HI 

0 1 0 1 1 1 1 R1S Cursor Position (L) 

0 1 1 0 0 o 0 R16 Light Pen Reg (HI 

0 1 1 0 0 0 1 R17 Light Pen Reg (LI 

0 1 1 0 0 1 0 R18 Update Location 
(HI 

0 1 1 o 0 1 1 R19 Update Location 
(LI 

0 1 1 1 1 1 1 R3l Dummy Location 

Notes: [!] Designates binary bit 

SY6545 

interfaC!!d to a variety of CRT monitors, since the 
HSYNC and VSYNC timing signals may be accommo
dated without the use of external one-shot timing. 

Vertical Total (R4) 

The Vertical Total Register is a 7-bit register containing 
the total number of character rows in a frame, minus 
one. This register, along with R5, determines the overall 
frame rate, which should be close to the line frequency 
to ensure flicker-free appearance. If the frame time is 
adjusted to be longer than the period of the line fre
quency, then m may be used to provide absolute 
synchronism. 

Register Bit 

Stored Info. RD WR 7 6 5 4 3 2 1 0 

" Reg. No. v' At A3 A2 A1 Ao 
v' U L V ~ ~ ~ ~ ~ 

-#Charac. v' • • • • • • • • 
-# Charac. v' • • • • • • • • 
-# Charac. v' • • • • • • • • 
::f. Scan Lines and v' VJ ~ V, Va HJ H2 H, He == Char. Times 

#: Charac. Row v' ~ •• • • • • • 
-# Scan Lines v' ~ ~ ~ • • • • • 
-# Charac. Rows v' ~ • • • • • • • 
# Charac. Rows v' ~ • • • • • • • 

v' U, Uo C D T Rei, 10 

#- Scan Lines v' ~ ~ ~ • • • • • 
Scan Line No. v' ~ B, So • • • • • 
Scan Line No. v' ~ ~ ~ • • • • • 

v' ~ ~ • • • • • • 
v' • • • • • • • • 

v' v' ~ ~ lit • • • • • 
v' v' • 8 • • • • • • 
v' ~ ~ • • • • • • 
v' • • • • • • • • 

v' ~ ~ • • • • • • 
v' • • • • • • • • 
~ ~ ~ ~ ~~ 

~Designates unused bit. Reading this bit is always "0", except for 
R3l. which does not drive the data bus at all. and for ~ = "1" 
which operates likewise. 

Figure 3. Internal Register Summary 



Vertical Total Adjust (R5) 

The Vertical Total Adjust Register is a 5-bit write only 
register containing the number of additional scan lines 
needed to complete an entire frame scan and is intended 
as a fine adjustment for the video frame time. 

Vertical Displayed (R6) 

This 7-bit register contains the number of displayed 
character rows in each frame. In this way, the vertical 
size of the displayed text is determined. 

Vertical Sync Position (R7) 

This 7-bit register is used to select the character row 
time at which the VSYNC pulse is desired to occur and, 
thus, is used to position the displayed text in the vertical 
direction. 

Mode Control (Ra) 

This register is used to select the operating modes of the 
SY6545 "and is outlined as follows: 

Scan Line (R9) 

LC. INTERLACE MODE CONTROL 

~~ , 0 OPERATION 

x 0 Non-Intert.e 
0 , Intert_ SYNC Rastw Scan , , Intertace SYNC and Video Rastw Scan 

. 
VIDEO DISPLAY RAM ADDRESSING 
"0" for .,... bin.., 
"'" for Row/Colu"",, 

'--VIDEO DISPLAY RAM ACCESS 
"11" for ..... nwnory 

"'" for..........-nt nwnory adcIraI .... 

DISPLAY ENAeLE SKEW 
"0" for no dIIIay 
"'" to dIIIay Display En ................. time 

CURSOR SKEW 
"0" far no dIIIay 
"'" todlllay Cu.- ............. tim. 

UPDATE STROBE (TRANSPARENT MODE, ONLY 
"0" far pin 34 to funcIi.., • memory add ... 
"'" far pin 34 to funCli.., • u ...... s1rabe 

UPDATEIREAD MODE (TRANSPARENT MODE, 0 NLY) 
"0" far u ...... to occur during horizontal and YWticaI 

blankint ti.-with update strobe 
"'" for updaas to be interJeawd in .2 ponian of cycJe 

This 5·bit register contains the number of scan lines per 
~aracter row, inciuding spacing. 

SY6545 

Cursor Start (R10) and Cursor End (R11) 

These 5-bit registers select the starting and ending scan 
lines for the cursor. In addition, bits 5 and 6 of Rl0 are 
used to select the cursor mode, as follows: 

BIT 
CURSOR MODE 

6 5 

0 0 No Blinkil'!g 

0 1 No Cursor 

1 0 Blink at 1/16 field rate 

1 1 Blink at 1/32 field rate 

Note that the ability to program both the start and end 
scan line for the cursor enables either block cursor or 
underline to be accommodated. Registers R14 and R15 
are used to control the character position of the cursor 
over the entire 16K address field. 

Display Start Address High (R12) and Low (R13) 

These registers together comprise a l4-bit register whose 
contents is the memory address of the first character of 
the displayed scan (the character on the top left of the 
video display, as in Figure 1). Subsequent memory 
addresses are generated by the SY6545 as a result of 
CCLK input pulses. Scrolling of the display is accom
plished by changing R 12 and R 13 to the memory address 
associated with the first character of the desired line of 
text to be displayed first. Entire pages of text may be 
scroUed or changed as well via R 12 and R 13. 

Cursor Position High (R14) and Low (R15) 

These registers together comprise a 14-bit register whose 
contents is the memory address of the current cursor 
position. When the video display scan counter (MA lines) 
matches the contents of this register, and when the scan 
line counter (RA lines) falls within the bounds set by 
Rl0 and R11, then the CURSOR output becomes aCtive. 
Bit 5 of the Mode Control Register (R8) may be used 
to delay the CURSOR output by a full CCLK time to 
accommodate slow access memories. 

LPEN High (R16) and Low (R17) 

These registers together comprise a 14-bit register whose 
contents is the iight pen strobe position, in terms of the 
video display address at which the strobe occurred. When 
the LPEN input changes from low to high, then, on the 
next negative-going edge of CCLK, the contents of the 
internal scan counter is stored in registers R16 and R17. 
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Update Address High (R18) and Low (R19) 

These registers together comprise a 14-bit register whose 
contents is the memory address at which the next read or 
update will occur (for transparent address mode, only). 
Whenever a read/update occurs, the update location 
automatically increments to allow for fast updates or 
readouts of consecutive character locations. This is 
described elsewhere in this document. 

Dummy Location (R31) 

This register does not store any data, but is required to 
detect when transparent addressing updates occur. This 
is necessary to increment the Update Address Register 
and to set the Update Ready bit in the status register. 

DETAILED DESCRIPTION OF OPERATION 

Register Formats 

Register pairs R12/R13, R14/R15, R16/R17, and R1S/ 
R 19 are formatted in one of two ways: 

1. Straight binary if register RS, bit 2 is a "0". 
2. Row/Column if register RS, bit 2 is a "1". In this 

case the low byte is the Character Column and the 
high byte is the Character Row. 

TOTAL-90 

I 
DISPLAY-SO 

fr 
0 1 2 --- --- 77 78 79 SO 81 -- 89 
80 81 82 --- --- 157 158 159 160 161 --- 169 

160 161 162 --- --- 237 238 239 240 241 --- 249 
I · I 
I I , 
I · I 
I 1 I 

~L 
[ 

I I I , I I 

1760 1761 1762 --- --- 1837 1838 ~839 1840 1841 --- 1849 

1840 1841 1842 --- --- 1917 1918 1919 1920 1921 --- 1929 

1920 1921 1922 --- --- 1997 1998 1999 2000 2001 --- 2009 

2000 2001 2002 --- --- 2077 2078 2079 2080 2081 --- 2089 , · . 
I , 1 

2640 2641 2642 -- - --- 2717 2718 2719 2720 2721 --- 2729 

STRAIGHT BINARY ADDRESSING SEQUENCE 

SY6545 

Figure 4 illustrates the address sequence for the video 
display control for each mode. 

Note from Figure 4 that the straight-binary mode has 
the advantage that all display memory addresses are 
stored in a continuous memory block, starting with 
address 0 and ending at 1919. The disadvantage with this 
method is that, if it is desired to change a displayed 
character location, the row and column identity of the 
location must be converted to its binary address before 
the memory may be written. The row/column mode, on 
the other hand, does not need to undergo this conver
sion. However, memory is not used as efficiently, since 
the memory addresses are not continuous, but gaps exist. 
This requires that the system be equipped with more 
memory than is actually used and this extra memory is 
wasted. Alternatively, address compression logic may be 
employed to translate the row/column format into a 
continuous address block. 

In this way, the user may select whichever mode is ~st 
for the given application. The trade-offs between the 
modes are software versus hardware. Straight-binary 
mode minimizes hardware requirements and row/column 
requires minimum software. 

I 
TOTAL-90 

I DISPLAY -so I I 
I 0 

COLUMN ADDRESS (MAO-MA71 

891 2 77 78 79180 81 

rrr >:if I 

~ S ~ : 
• 8i ~ I 

Oi!/Sji21 
~. l .... 22 I-[g 23 <-

~ 24 

L: 

0 1 2 --- --- n 78 79 80 81 --- 89 

256 257 258 --- --- 333 334 335 336 337 --- 345 

512 513 514 --- --- 589 590 591 592 593 - -- 601 

I 
, , , I I , I I 

I 
, I 

I I . 
I 

, I. 

5632 5633 5634 --- --- 5709 5710 5711 5712 5713 --- 5721 

5888 5889 5890 --- --- 5965 5966 5967 5968 5969 -- - 5977 

6144 6145 6146 --- --- 6221 6222 6223 6224 6225 -- - 6233 

6400 6401 6402 --- --- 6477 6478 6479 8490 6481 --- 6489 
1 , , 
I , , 

8446 8449 8450 --- --- 8525 8526 8527 8528 8529 --- 8537 

ROW/COLUMN ADDRESSING SEQUENCE 

Figure 4. Display Address Sequences (with Start Address = 0) for 80 x 24 Example 
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Video Display RAM Addressing 

There are two modes of addressing for the video display 
memory: 

1. Shared Memory 
In this mode the memory is shared between the MPU 
address bus and the SY6545 address bus. For this 
case, memory contention must be resolved by means 
of external timing and control circuits. Both the MPU 
and the SY6545 must have access to the video display 
RAM and the contention circuits must resolve this 

SYSTEM 
BUS 

SY6546 

multiple access requirement. Figure 5 illustrates the 
system configuration. 

2 Transparent Memory Addressing 
For this mode, the display RAM is not directh., acces
sible by the MPU, but is controlled entirely by the 
SY6545. All MPU accesses are made via the SY6545 
and a small amount of external circuits. Figure 6 
shows the system configuration for this approach. 

VSYNC 

HSYNC 

CRT CONTROLLER DISPLAY ENABLE 

MPU 

MPU 

MAO-MA13 RAO-RM 
CURSOR 

. DISPLAY ADDRESS 

ADDRESS 
CONTENTION 

r--'l""r""\/ CONTROL 
MPU 
:~RESS _-.,..,---' 

SCAN LINE 
COUNT 

SHIFT 
REGISTER 

VIDEO ADDRESS 

VIDEO 
DISPLAY 

RAM 
CHARACTER 

DATA 

CtiARACTER 
GENERATOR 

ROM 
SCAN LINE 

____ .. DOT PATTERN 

Figure 5. Shared Memory System Configuration 

SYSTEM 
BUS 

SY6546 
CRT CDNTROLLER 

RM MAO-MA13 RAO-RA3 

UPDATE 
STROBE 

DATA 
HOLD 

LATCH 

CHARACTER 
DATA 

DISPLAY/UPDATE SCAN LINE 
ADDRESS COUNT 

CHARACTER 
GENERATOR 

ROM 

CHARACTER 
DATA 

TO 
VIDEO 
CIRCUITS 

I 
Figure 6. Transparent Memory Addressing System Configuration J' 

(Data Hold Latch needed for HorizontalNertical Blanking updates. only). 

'--------, 
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Memory Contention Schemes for 
Shared Memory Addressing 

From the diagram of Figure 4, it is clear that both the 
SY6545 and the system MPU must be capable of address
ing the video display memory. The SY6545 repetitively 
fetches character information to generate the video sig
nals in order to keep the screen display active. The MPU 
occasionally accesses the memory to change the displayed 
information or to read out current data characters. Three. 
ways of resolving this dual-contention requirement are 
apparent: 

• MPU Priority 

In this technique, the address lines to the video dis
play memory are normally driven by the SY6545 
unless the MPU needs access, in which case the 
MPU addresses immediately override those from the 
SY6545 and the MPU has immediate access. 

• t/Jl/t/J2 Memory Interleaving 

This method permits both the SY6545 and the MPU 
access to the video display memory by time-sharing 
via the system t/Jl and t/J2 clocks. During the t/Jl por
tion of each cycle (the ·time when t/J2 is low), the 
SY6545 address outputs are gated to the video display 
memory. In the t/J2 time, the MPU address lines are 
switched in. In this way, both the SY6545 and the 
MPU have unimpeded access to the memory. Figure 7 
illustrates the timings. 

,;2 
CLOCK 

VIDEO 
DISPLAY 
MEMORY 
ADDRESSES 

'Figure 7. ¢1/¢2 Interleaving 

•. Vertical Blanking 

With this approach, the address circuitry is identical 
to the case for MPU Priority updates. The only differ
ence is that the Vertical Retrace status bit (bit 5 of 
the Status Register) is used by the MPU so that aCcess 
to the video display memory is only made during 
vertical blanking time (when bit 5 is a "1 "). In this 
way, no visible screen perturbations result. 

SY6545 

Transparent Memory Addressing 

In this mode of operation, the video display memory 
address lines are not switched by contention circuits, 
but are generated by the SY6545. In effect, the conten

,tion is handled by the SY6545. As a result, the schemes 
for accomplishing MPU memory access are different: 

• t/Jl/t/J2 Interleaving 

This mode is similar to the Interleave mode used 
with shared memory. In this case, however, the t/J2 
address is generated from the Update Address Register 
(Registers R18 and R19) in the SY6545. Thus, the 
MPU must first load the address to be accessed into 
R18/R19 and then this address is always gated onto 
the MA lines during t/J2. Figure 8 shows the timing. 

~2 
CLOCK 

MAo-MA13 

Figure 8. ¢1/¢2 Transparent Interleaving 

• Horizontal/Vertical Blanking 

In this mode, the Update Address is loaded by the 
MPU, but is only gated onto the MA lines during 
horizontal or vertical blank times, so memory accesses 
do not interfere with the display appearance. To 
signal when the update address is on the MA lines, an 
update strobe (STB) is provided as an alternate func
tion of pin 34. Data hold latches are necessary to 
temporarily retain the character to be stored until 
the retrace time occurs. In this way, the system MPU 
is not halted waiting for the blanking time to arrive. 
Figure 9 illustrates the address and strobe timing for 
this mode • 

Transparent address modes are quite complex and, offer 
significant advantages in system implementation. The 
details of their application are covered thoroughly in a 
related Technical Note available from Synertek. 
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CCLK 

I 
1---1---- HORIZONTALNERTICAL BLANKING---~ 

DISPLAY 
ENABLE 

DISPLAY I I 
I I 

NON-OISPLAY I I 
I I 

CRT DISPLA; ADDRESSES I I I I CRT DISPLA; ADDRESSES 

=:t ~--+--t~:"';";"i~ ---,.~\ \ \ \ \:\ \ \ \ \ \ \ rrx=c 
: I I I 
I I I I 

UPSTB I n I 

------------------~:--~I I~--~I------------------------------------

Figure 9. Retrace Update Timings 

Interlace Modes 

There are three raster-scan display modes (see Figure 10). 

a) Non-Interlaced Mode. In this mode each scan line is 
refreshed at the vertical field rate (50 or 60 Hz). 

In the interlaced scan modes, even and odd fields 
alternate to generate frames. The horizontal and ver
tical timing relationship causes the scan lines in the 
odd fields to be displaced from those in the even 
fields. The two additional raster-scan display modes 
pertain to interlaced scans. 

b) Interlace-Sync Mode. This mode is used when the 
same information is to be displayed in both odd and 
even fields. Enhanced readability results because the 

EVEN 
FIELD 

spaces between adjacent rows are filled and a higher 
quality character is displayed. This is achieved with 
only a slight alteration in the device operation: in 
alternate fields, the position of the VSYNC signal is 
delayed by % of a scan line time. This is illustrated in 
Figure 11 and is the only difference in the SY6545 
operation in this mode. 

c) Interlaced Sync and Video Mode. This mode is used 
to double the character density on the screen by dis
playing the even lines in even fields and the odd lines 
in odd fields. As in the Interlace-Sync mode, the 
VSYNC position is delayed in alternate display fields. 
In addition, the address generation is altered. Figure 12 
illustrates the timing. 

ODD 
FIELD 

EVEN 
FIELD 

ODD 
FIELD 

o-+-+-+-+-+--i-t-

2-+-m--i ___ ~~~_t__ 
3-+-m--i ___ ~~~_t__ 
4-+-m~~~~~_t__ 

5-+-ffi--i-~~ffi-+-

6-+-ffi--i-~~ffi-+-

7-+-e~~+-~~-+-

NON· INTERLACED INTERLACED·SYNC INTERLACED SYNC AND VIDEO 

Figure 10. Comparison of Display Modes. 



DISPLAY 
ENABLE 

HSYNC 

RAG-RM 

VSYNC 

DISPLAY 
ENABLE 

HSYNC. 

VSYNC 

SY6545 

t--------------1COMPLETE FIELD --------------1 

ODD FIELD 

EVEN FIELD 

Figure 11. Interlace-Sync Mode Timing 

t-----------.;......~-1 COMPLETE FIELD --------------1 

RAG· HIGH FOR ODD FIEu)s 

RAO· LOW FOR EVEN FIELDS 

I 
ODDFI~ I 

-T--------------~--------------------------~1 1\ SCAN LINE DELAY-J l-
I 

EVEN FIELD 

Figure 12. Interlace-Sync-and-Video Mode Timing 

.. 



Some restrictions on interlace modes of operation are: 

a) The Horizontal Total Character count (register RO) 
must be odd, in order to represent an even number of 
character times. 

b) For Interlaced Sync and Video mode, only, the fol
lowing registers must be programmed in a non-standard 
fashion: 

R4 (Vertical Total) must be programmid to one
half the actual number desired, minus one. For ex
ample, for a total of 24 characters high, R4 must 
contain 11 (decimal). 
R6 (Vertical Displayed) must be programmed to 
one-half the actual number desired. For example, 
for 16 displayed characters high, R6 must contain 
S (decimal). 

R7 (Vertical Sync Position) must be programmed 
to one-half the actual number desired. 

Cursor and Display Enable Skew Control 

SY6545 

CCLK 

(NO DELAY) 

CURSOR 

(WITH DELAY) 

DISPLAY (NO DELAY) 

ENABLE 
POSITIVE 
EDGE 

(WITH DELAY) 

(NO DELAY) 

DISPLAY 
ENABLE 
NEGATIVE 
EDGE 

(WITH DELAY) 

Sits 4 and 5 of the Mode Control register (RS) are used 
. to delay the Display Enable and Cursor outputs, respec
tively. Figure 13 illustrates the effect of the delays. Figure 13. Cursor and Display Enable Skew 

DISPLAY 
ENABLE 

FRAME 

VERTICAL DISPLAYED 

VERTICAL 

BLANKING 

FRAME 

VERTICAL 
BLANKING 
STATUS 
BIT --, 
(STATUS "0". DISPLAY ACTIVE 
REGISTER ..... ---;....--;....----1 
BIT 5) 

\ ,--I ___ ----' 

SWITCHES STATE AT 
END OF LAST DISPLAYED 
SCAN LINE. 

.. , ... VERTICAL 
BLANKING 
ACTIVE 

Figure 14. Operation of Vertical Blanking Status Bit 
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13.0 SCHEMATICS AND PARTS LAYOUT 



PARTS LAYOUT 
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'JEL.: 514-~5.1182 TELEX: 05·825651 

PRODUCT FAILURE REPORT' 

If you are returning one of our products for repair, you !rust fill out this form and 
return it with the defective unit. The information so provided is necessary for us to 
provide a high standard of service. 

ODMP~ ~ Me ~SS: ____________________________________________ ___ 

~ CF LNIT:, _______________________________________________ _ 

MDEl. l'O.(on s ilk scr een) : _________ _ SERIAL l'O.(on I abel ):, _________ _ 

~TE LNIT RECEIVID:, ____ ~TE LNIT FAILID:, ____ OR DEAD ~ ARRIVAL [). 

MEM>R'f B<\SE ,6llORESS USID: ________ I/O B<\SE AOORESS 'USID: _____ _ 

PLEASE DEUIBE lHE SYSTEM lli<\T lHE LNIT IS USID IN (CPU,BUS,MEhOR'f,ETC.): ______ _ 

UNIT CONFIGURATION (SO or 60 Hz, attributes used, display resolution selected, 
etc.): . 

FAULT IS <DNST.ANT [1 FAULT IS INTERMITTENT [) 

PLfASE DESCRIBE lHE FAU..T:, ______________________ _ 

THE RX..LOtVIr-G SPACE IS R)R FACTORY USE <N.Y 

<DRRECTIVE STEPS TAKEN:, ___ ~--------------------
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Matrox Electronic Systems Ltd reserves the right to make changes In~pecifications at any time and without notice. The in
formation furnished by Matrox Electron ic Systems Ltd in this publical/on is believed to be accurate and reliab le. However, no 
responsibility is assumed by Matrox Electronic Systems Ltd for i ts use;·j-JOr for any infringements of patents or other rights of 
third parties resulting from its use. No license is granted under any patents or patent rights of Matrox Electron ic Systems Ltd. 
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