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BUILD ·THE GT180 
COLOR GRAPHICS BOARD 

PART 2: HARDWARE 
BY STEVE CIARCIA 

A description of the components and 
the hardware schematic 

Last month [ introduced 
my new Professional 
Graphics Adapter (PGA)
like GTI80 graphics 
adapter for the SB 180 and 
SBI80FX computers and 
discussed the basics of 

CRT controllers. This month I'll continue 
with a description of the major VLSI com
ponents. I'll also include the hardware 
schematic of the GTl80 itself. While 
presented as an SB 180 XBUS peripheral 
device, the GTl80's combination of high
level integrated circuitry, parallel port inter
facing, and Borland International's Graphix 
1bolbox standard software facilitates its use 
in many other "ported" graphics applica
tions (see photo I) . 

FEW CHIPS ARE USED 
The key to the GTl80's design is a recently 
announced CMOS VLSI graphics processor, 
the Hitachi HD63484 ACRTC (advanced CRT 
controller). and two companion chips: 
HD63485 GMIC (graphic memory interface 
controller) and HD63486 GVAC (graphic 
video attributes controller). These are sup
plemented by a highly integrated CMOS 
palette D/A converter-the Brooktree 
BT450. 

The block diagram in figure I shows that 
these chips, in combination with a 512K
byte frame buffer (sixteen 64K by 4-bit 
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dynamic RAM chips). need little extra sup
port to achieve an entire graphics drawing 
and display subsystem. The 512K-byte 
frame buffer can hold three or four screens 
as well as a library of graphics objects like 
windows, fonts, and icons. A standard shift 
register allows input from an [BM PC-com
patible keyboard. Finally, a few TTL chips 
and a PAL (programmable array logic) gen
erate the control signals to interface the 
ACRTC, keyboard shift register, and palette 
D/A converter to the SB180's XBUS. The 
GTI80 can directly connect to a number of 
standard CR1S-both TTL and analog-like 
the Princeton Graphics SR-12 and SR-12P 

THE H063484 ACRTC 
The ACRTC, an incredibly powerful CMOS 
chip containing more than 100,000 tran
sistors, needs to perform a number of tasks. 
First. it must generate the CRT timing 
signals, including HSYNC and VSYNC. Next. 
it must perform display-control tasks like 
scanning the frame buffer while keeping 
track of cursors, split screens, and windows. 
Finally. it must assist the application pro-
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grammer by providing built-in draw
ing algorithms and commands. The 
ACRTC integrates all these functions 
on a single device. 

Examining the ACRTC block dia
gram (see figure 2) reveals that it con-
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tains three separate microprocessors 
(l6-bit CPU s)-one CPU for each of 
the primary tasks: CRT timing genera
tion. display control. and drawing:-The 
ACRTC contains more than 200 bytes 
of command and control registers 

Photo I: The GTl80 graphics adapter. The various connectors along the right-hand 
side are (from top to bottom): a DB-9 connector for analog RGB output. 
another DB-9 connector for RGBI TTL output. and a DIN connector for an IBM 
PC-compatible keyboard. 
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Figure I : A block diagram of the GT180. 
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used in conjunction with 38 high-level 
drawing commands (see figure 3). The 
registers and commands will be ex
plained and put to good use in next 
month's software description. 

GMIC AND GVAC 
It is possible to use the ACRTC by 
itself in a graphics design. However. 
for a design exploiting all the ACRTC 
features. the amount of TTL support 
logic required is large. Furthermore. 
due to the complexity .and high speed 
required of the support logic. such a 
circuit would be difficult to design and 
debug. 

For example. during a drawing oper
ation. the ACRTC treats the frame buf
fer as a simple linear sequence of 
16-bit words. just like a regular 16-bit 
cpu. However. during a display re
fresh. the frame buffer needs to read 
64 bits at one time to keep up with 
the high speed requirements of a fast 
CRT. Thus. the frame buffer's address
decode and data-buffer Circuits must 
be dynamically reconfigured for 16-
and 64-bit operations. On the display
controller side. ACRTC features (like 
windows. horizontal smooth scrolL 
and zooming) require circuits to in
teract with and control the 64-bit high
speed video shift registers. 

1b help the designer eliminate much 
of the TTL support logic and lessen 
the design complexity. 1 have used the 
HD63485 GMIC and HD63486 GVAC 
support ICs. The GMIC manages the 
multiplexed addreSSing of the frame 
buffer's DRAMs and generates the re
quired control signals like RAS. CAS. 
and WE. Each GVAC includes two 
16-bit shifters. so two GVACs provide 
a 64-bit shift register. The GVACs also 
map ACRTC J6-bit drawing accesses 
to the 64-bit frame-buffer bus. The 
GMIC and GVAC are manufactured 
using a special process called Hi
BiCMOS. which combines the speed 
and drive of bipolar (64 megahertz. 
IOL=24 milliamperes) with the low 
power operation of MOS (less than 1 
watt). 

This subsystem (ACRTC. GMIC, 
GVAC, and frame buffer) can directly 
interface to a digital RGBI (red-green
blue-intensity) monitor. The addition 
of the Br4?0 palette D/A converter 
allows the connection of an analog 



CRT for finer color selection. In the 
past the designer would have to build 
a palette O/A converter by combining 
a static RAM palette with three 
separate video O/A converters-a dif
ficult and expensive task. Now. the 
BT450 combines the 16- by 12-bit 
palette RAM and three separate 4-bit 
30-MHz to 70-MHz O/A converters. 
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Watch for the availability of new 
palette O/A converter chips like the 
BT450 to cause a trend to analog 
displays. even for low-cost computers. 

THE GTI80 HARDWARE 
The GTl80 board consists of a 
number of distinct sections: the 
graphics display and control section 
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(the ACRTC. GMIC. and GVACs). moni
tor interface (the palette O/A converter 
and TTL buffers). SBl80 XBUS inter
face circuitry. and the IBM PC key
board adapter. The complete GTl80 
schematic is shown in figure 4. 

The interface between the ACRTC. 
PC keyboard register. palette O/A con
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Figure 2: A block diagram of the ACRTC chip. 
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(a) 

'"' ( CUOI LPSTB IN 
CU02 OISPl ) OUT 
R/W 0lSP2 

cs 
•• 00 } IN 

RS MAOI 

RES MA02 IN/OUT 

IN/OUT DONE MA03 

OUT OREQ MA04 

IN iiAcK 

'" } OUT OTACK MRO 
OUT IRQ ~AW OUT 

OUT C HSYNC AS 
VSYNC MCYC 

Vee Vss 
IN/OUT E'XsVNC 2CLK IN 

Vss Vee 
DO MA05 

01 MA06 
02 MA07 

03 MA08 

04 MA09 

05 MAOIO IN lOUT 

06 MAOll 

07 MA012 
IN/OUT 

08 MA013 

09 MA014 

010 MA015 

011 .""'''} 012 MA17lRAl 

013 MA18/ RA2 OUT 
014 MAI9/RA3 
015 RA4 

(b) TYPE MNEMONIC FUNCTION 

REGISTER- ORG SET ORIGIN POINT 

ACCESS RPR , WPR READ /WRITE PARAMETER REGISTERS 

COMMANDS RPTN,WPTN READ/WRITE PATTERN RAM 

DATA- ORD, DWT, DMOD DMA READ / WRITE / MODIFY 

TRANSFER RD,WT, MOD READ/ WRITE / MODIFY 

COMMANDS CLR CLEAR 

CPY , SCPY COPY 

AMOVE , RMOVE MOVE 

AlINE , RLlNE LINE. 

ARCT,RRCT RECTANGLE 

APLL,RPLL POLYLINE 

APLG , RPLG POLYGON 

GRAPHIC- CRCL CIRCLE 

DRAWING ELPS ELLIPSE 

COMMANDS AARC, RARC ARC 

AEARC, REARC ELLIPSE ARC 

AFRCT,RFRCT FILLED RECTANGLE 

PAINT PAINT 

DOT DOT 

PTN PATTERN 

AGCPY, RGCPY GRAPHIC COPY 

Figure 3: (a) A pin-out diagram of the ACRTC; (0) the ACRTC's command list. 
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verter, and the SB180 (or SB180FXj 
XBUS expansion bus requires some 
"glue" logic. Fortunately, a PAL is easi
ly used for a major portion of this cir
cuitry. Besides decoding port ad
dresses for the ACRTC, D/A converter, 
and keyboard port. the PAL inverts 
the polarity of the R/w signal during 
direct memory access. This is required 
because the 64180 includes the 
DMAC (DMA controller) on-chip. The 
interface between the SB 180 and the 
ACRTC provides a number of options, 
including status polling, interrupts, 
and DMA. Some or all of these tech
niques can be used, depending on 
the requirements of your application. 

I have proVided the IBM PC-com
patible keyboard port to permit evolu
tion of the GT180. If an application 
doesn't need the ASCII terminal nor
mally connected to the SB 180 (all ref
erences to the SBI80 include features 
that are also incorporated in the new 
SBI80FX), the PC keyboard and col
or display can be used as the main 
console. The SB180's RS-232 port 
previously used for the terminal con
nection could be used for another 
purpose, like a mouse, plotter. or 
digitizing tablet. 

GRAPHICS DISPLAY AND 
CONTROL 
The heart of the GTI80 board lies in 
the four-chip set consisting of the 
ACRTC, GMIC, and two GVACs. 
Because the GMIC and GVACs were 
designed around the ACRTC, intercon
nection is simple. The four chips share 
a common 16-bit data bus with three 
additional data lines going between 
the ACRTC and GMIC. The GMIC con
trols RAM addressing via eight ad
dress lines, four write-enable lines, an 
output-enable line, and RAS (row ad
dress strobe) and CAS (column ad
dress strobe). The GVACs control all 
data access to the RAM and extract 
assorted attribute information from 
the data lines. 

MONITOR INTERFACE 
The GTl80 supports both digital and 
analog RGB monitors. The digital
monitor interface simply consists of 
the red, green, blue, and intensity out
puts of the GVACs plus HSYNC and 
VSYNC from the ACRTC buffered 



through a 74S241 (lCIO). Jumper JP3 
allows selectable inversion of both the 
HSYNC and VSYNC signals. If the 
jumpers are installed, ICI inverts the 
signals. 

The analog RGB section is a bit 
more involved. The RGBI signals com
ing from the GVACs are fed into the 
palette D/A converter (lC6). These 
signals are used to reference the col
or look-up table, which provides the 
color information to the D/A con
verters. The RGB outputs of IC6 are 
capable of driving the monitor direct
ly with 75-ohm termination (RI. R2 , 
and R3) . The SYNC signal is made up 
of HSYNC combined with VSYNC via 
an exclusive-NOR operation and buf
fered through ICIO. Finally, the MODE 
signal controls whether the Princeton 
SR-12P monitor runs in 400-line or 
4BO-line mode. You should remove 
JP2 for 4BO-line operation. 

Noise is a critical factor to consider 
in the design of video circuitry. 1b 
minimize the noise imposed on the 
palette D/A converter through the 
power supply, ferrite beads are used 
to isolate power for IC6 from the rest 
of the board. The beads filter out any 
high-frequency noise created else
where on the board that could result 
in garbage in the final picture. 

INTERFACE CIRCUITRY 
The GTIBO is designed to be plugged 
into the 40-pin XBUS on either an 
SBIBO or the SBIBOFX. The SBIBO 
doesn't provide any output buffers, so 
line loading is an important con
sideration when producing a periph
eral (the IBO XBUS is buffered) . The 
GTIBO uses the data, address, and 
bus-control lines in numerous places 
on the board, so two 74LS245s (lC4 
and IC30) have been added to buffer 
the majority of interface lines. The 
direction of data flow through the 
data-bus buffer (lC4) is controlled by 
an RD line from the SBI80 and an 
enable output from the PAL (lC5) . 

We need some additional circuitry 
to decode 1/0 ports for the devices on 
the . board. The ACRTC needs two 
ports, the palette D/A converter needs 
two ports, and the keyboard needs at 
least one port. It would also be nice 
to use jumpers to change the location 
of the GTI80 i/O ports within the ex-
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pansion space to avoid conflicts with 
other peripherals plugged into the 
same system. Ordinarily, such decode 
circuitry would require many TTL 
gates occupying a good deal of board 
space. Instead, this is a perfect ap
plication for a PAL. 

PAL DECREASES 
INTERFACE COMPLEXITY 
A PAL is a device similar to a PROM 
in that it can be custom-programmed 
for an application by the designer. 
The GTI80 uses a 16LB. The "16" 
means the device has 16 possible in
puts, the "8" means it has 8 possible 
outputs, and the "I.: ' in the middle in
dicates that the outputs are active-low. 

A PAL gains more flexibility from 
the fact that most of the outputs can 
also be defined as inputs. However, 
since there are only IB pins on the 
chip for I/O, the sum of inputs plus 
outputs cannot exceed 18. You can, 
for example, have 14 inputs and 4 out
puts. The GTl80's PAL uses II inputs 
and 7 outputs. 

Inside the chip is a series of AND 
and OR gates. The inputs to the chip 
are directed to the inputs of the AND 
gates, and the outputs of the AND 
gates are directed to the inputs of the 
OR gates. The OR gates' outputs are 
sent to a buffered inverter and then 
to the chip's outputs. This arrange
ment of gates makes implementing 
standard sum-of-products logic equa
tions easy. 

The programmable array comes 
into play when you decide how the 
inputs to the chip are to be con
nected to the inputs of the gates 
within the chip. An array of fuse links 
is used for this. The chip's input pins 
are connected to the columns of the 
array, and the inputs to the gates 
are connected to the rows. At each 
row-column intersection is a fuse con
necting the row to the column. On an 
unprogrammed chip, all the fuses are 
intact. so all the chip's inputs are 
connected to all the logic inputs. In 
the process of programming the chip, 
all unwanted fuse links are literally 
blown out by the PAL programmer, 
leaving just the links that connect the 
desired chip input to a particular gate 
input. 

Most of the PAL inputs are standard 

bus signals necessary for I/O port 
decoding. 1\vo select lines are also 
defined that let you select one of four 
base locations for the GTIBO i/o ports. 
JPI is used to set these select lines. 

The DMA input is not a standard 
bus signal. When the ACRTC gener
ates a DMA request. it is latched by 
IC3 and sent to the DMA input on the 
PAL (as well as to the DREOO input 
on the SBI80) . The ACRTC requires 
that R/w be inverted during a DMA 
transfer, so this is taken care of within 
the PAL. 

There are also seven outputs de
fined on the PAL. The BDSEL line 
goes active anytime the board is ref
erenced and is used to enable the 
data-bus buffer (lC4). ACReS provides 
chip select to the ACRTC, and ACRIW 
provides the RlW signal to the ACRTC. 
ACDACK is the DMA acknowledge 
signal to the ACRTC. DACCS is the 
chip select for the palette D/A con
verter, while KEYCS is the chip select 
for the keyboard adapter. 

The last PAL output is labeled 
EXSEL. A little history is necessary to 
explain this signal. When I designed 
the COMMI80 board (see the Decem
ber 19B 5 Circuit Cellar), I hadn't con
sidered that I would be designing 
something like the GTlBO. Conse
quently, I made the assumption that 
only one expansion board would ever 
be plugged into the SBI80 at anyone 
time. Therefore, the data-bus buffer is 
enabled whenever EXSEL2 from the 
SBIBO goes active, even though there 
are gaps in the expansion space that 
the board uses. When I sat down to 
look at doing a graphics board, I 
realized that if someone wanted to 
use the GTI80 with a hard disk on an 
SB180, I had to make some allowance 
for plugging both a COMMIBO and a 
GTIBO into an SBIBO. (The SBI80FX 
incorporates both the floppy disk and 
SCSI controllers on the same board 
and therefore does not require the 
COMMI80 to add a hard disk. Refer 
to the What's New section in this issue 
for further details.) 

The GTl80 uses eight i/O ports. The 
base address for the ports is jumper
selectable and can be set for either 
EO, E8, FO, or F8 hexadecimal. (For 
the remainder of the article, all port 

(continued) 
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Figure 4: The schematic of the GT180. 
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03 .L RAS 
'-014 11 03 FOl7 

44 3 
02 

IC15 CAs r!i-
'- 010 10 02 FOl6 

45 2 
01 WE 4 

06 9 01 
02 8 

DO IC Jl I I I I 1 I I I 
GVAC 46 17 04 RAO RAI RA2 RA3 RA4 RA5 RA6 RA7 Of .!-F015 

F014 
47 15 

03 RAS .L 
50 3 IC16 .!L FOl3 02 CAS 

~ F012 
51 2 01 WE 

4 
AM 

~ MODI I I \ I I I \ 1 

..-12- FOil 
52 17 

04
RAO RAI RA2 RA3 RU RA5 RA6 RA70E' .!-MODO 

r.? FOIO 
53 IS 

03 RAS .L 
54 3 IC17 

CAS ..!.L FD9 02 

F08 
55 2 

01 ·WE 4 

I I I I I I I I 
FD7 56 17 04 RAO RAI RA2 RA3 RA4 RA5 RA6 RA7 OE rL 
FD6 

57 IS 
03 RAS rL 

58 3 IC 18 
CAS r!L FD5 02 

FD4 
59 2 

01 WE 
4 

I 1 \ I I 1 ;\ I 
FD3 

GO 17 D4 RAO RAI RA2 RA3 RA4 RA5 RAG RA7 OE rL-
FD2 

61 15 
03 RAS L-

FOI 
62 3 02 

IC19 
CAs ..!..L-

FDa 63 2 01 WE 4 

Figure 4 continued. 
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, "-
0 B G WEO 0 l R 
T U E WEI 
C E E 
l N RAM WE2 
K CONTROL WE3 

'2 ClK 4 2 ClK VIDEO 3 1!... 
t'\. CAS .2! DOTClK lL RAS V IDEO 2 

.!!....- OE 

'DISPCYC 
VIDEO I 

2 
DISPCYC 

SCKE 25 VIDEO 0 ~ '" RAM ADDRESS 
SCKE 

l4l3l2111 l l l lo 

SLOB 26 
SlD 

SHRINK 
DIP 

FD31 
29 17 04 RAO RAI RA2 RA3 RU RA5 RA6 RA7_ ~ OE 

ADRA 5 
SElO FD30 30 IS 03 RAS rL --< 

ADRB 6 31 3 IC 21 
CAS 

16 
SEll FD29 02 

r SEl2 FD28 33 2 01 WE 4 

I I I I I I I I 
FD27 

34 17 04 RAO RAI RA2 RA3 RA4 RA5 RA6 RA70E ~ 
MCYC 3 

MCYC FD26 35 IS 
03 RAS rL H 

MRD I 36 3 IC22 
CAS 

16 
MRD FD25 02 

DISPI 24 
DISP FD24 

37 2 01 WE 4 

J J I I 1 1 I I 

FD23 
38 17 04 RAO RAI RA2 RA3 RA4 RA5 RA6 RA70E L 

FD22 
39 IS 

03 RAS .L I-< 
40 3 IC23 

CAS 
16 

FD21 02 

FD20 
41 2 01 WE 4 

013 IS 
07 IC 20 

09 14 
06 

GVAC I I I I I I L ~ 
05 13 42 17 RAO RAI RA2 RA3 RA4 RA5 RA6 RA7_ ,l-OS FDI9 04 OE 
01 12 FDI8 

43 15 
03 RAS .L H 04 IC24 

t'\.D12 II 44 3 16 
03 FDI7 02 CAS 

08 10 
02 , FDI6 45 2 

01 WE 4 

04 9 01 
DO 8 

DO I 1 I I I 1 I I 

FDI5 
46 17 

D4
RAO RAI RA2 RA3 RA4 RA5 RA6 RA75E ~ 

47 15 
RAS rL I-< FDI4 03 

50 3 IC25 
CAS 

16 
FDI3 02 

...E.. AM FDI2 
51 2 01 WE 4 

~ MODI 1 1 1 I I I I I 

.-£. FOil 
52 17 04 RAO RAI RA2 RA3 RA4 RA5 RA6 RA7CiE rL-< MODO 

FDIO 53 15 
03 RAS fL --< 

1".7 54 3 IC26 
CAS 

16 
FD9 02 

55 2 WE 4 
FD8 01 

I I I I I I I I 

FD7 
56 17 04 RAO RAI RA2 RA3 RA4 RA5 RA6 RA75E ~ 

FD6 
57 15 

03 RAS rL ~ 
58 3 Icn 16 

FD5 02 CAS 
59 2 - 4 

FD4 01 WE 

I I I I L I I 

FD3 60 17 04 RAO RAI RA2 RA3 RA4 RA5 RA6 RA7CiE L 
61 15 

RAS L-FD2 03 IC2a 
FDI 62 3 02 CAS 

16 

63 2 
01 

- 4 
FDO WE 
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BDSEL = so * S1 * A3 * A4 * SEL 
+ so * S1 * A3 * A4 * SEL 
+ so * S1 * A3 • A4 * SEL 
+ so * S1 * A3 • A4 * SEL 

ACRCS = BDSEL * A1 * A2 * E * DMA 

ACDACK = RESET 
+ BDSEL * A1 * A1 * E * DMA 

Figure 5: Equations for the GT180's PAL. 
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PU6 
74LS02 
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A Y3h 6Jb,)o!-

PU3 
74LS04 

RESET 5 C 6 

PU3 
74LS04 

WR I a 2 

T ..,. 
+5V 

RP PU2 
4 .7K 74LS85 

15 A3 A>B 
5 PU3 r- 74LS04 

I B3 A.B ~12 
13 A2 A<B r?-
~ B2 

A4 12 Al 

51 II BI 

A3 10 AO 

SO 9 BO 

,........! A>B 
PU3 

f---l. 74LS04 r- A·B 

~ ~ A<B 

1 / :'7 
E 

PU3 
74LS04 

DMA 3 b 4 
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ACRiW = BDSEL * DMA * WR 
+ BDSEL * DMA * WR 

KEYCS = BDSEL * A2 * E * DMA 
+ RESET 

DACCS = BDSEL * A1 * A2 * E * DMA 

EXSEL = SEL * BDSEL 

PU4 
74LSIO 

9 
"TIr '-8 ACRCS 

PU6 
3 74LS02 

c::::::B Y :~ IACOACK 

PU5 -74 LSII 

PU7 
2_ 74LS5I 

r-; ~. 6 ACR/W 
4_ ~ 

~ J 

BOSEL 

PU4 
3.2!!:SIO 
4 '.6 OACCS 

2 I 

PU5 
74LSll PU6 

1.- 74LS02 

....::rfI '12 5_ 
KEYCS r 6J b" 4 

I 

pus 
74LSOO 

;r 3 2 a mEL 

addresses will be in hexadecimal.) 
Since a fully populated COMM180 
uses ports EO-E7 and FO-FE the 
logical base address for the GTl80 is 
E8. (The SB180FX has three addi
tional address lines for decoding 
ports 40-7E but the GTl80 doesn't 
currently use any of them.) 

The GT180 can be used in many dif
ferent hardware configurations. There 
are mounting holes that line up with 
those on the SB180 as well as those 
on the SB 180FX, so mounting the 
GTl80 to either of the main processor 
boards is a simple task. The 40-pin 
XBUS expansion connector is in the 
same place on both the SB180 and 
the SBI80FX. 

Additional expansion boards can be 
plugged into the pass-through con
nector located on the GT180. These 
boards can employ any of the I/O ad
dresses not being used by the graph
ics board. A second 40-pin connec
tor on the GT180 passes all the signals 
straight through, except EXSEL2 . This 
signal is generated by the PAL, and 
it is presented on the second connec
tor only if the GT180 is not being 
selected. Consequently, this is the ap
propriate connector to attach a 
COMMI80 board to. (The COMMI80 
should never be plugged into the 
main pass-through connector since 
bus-contention problems would 
occur.) 

GTl80 PAL EQUIVALENT CIRCUIT 

1b aid you in building your own 
GTI80, I have listed the PAL equations 
for IC5 in figure 5. Also, figure 6 shows 
the schematic of a discrete compo
nent equivalent to the PAL if you want 
to build the GTl80 but do not have 
the facility to program a PAL. When 

Figure 6: The schematic of a discrete logic equivalent to the GT180's PAL. 
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you are done, you are welcome to 
download utilities and other graphics 
software that I will post on BYTEnet. 
BIX, and the Circuit Cellar BBS to aid 
in checking out your handiwork. 

THE KEYBOARD ADAPTER 
The IBM PC keyboard uses a syn
chronous serial interface to talk to the 
host computer. While the typical IBM 
connection allows data flow to and 
from the keyboard, the circuit used on 
the GTI80 only reads from the key
board. This greatly simplifies the 
circuit. 

Five lines connect the keyboard to 
the computer. 1\vo are for + 5 volts 
and ground, one is a power-on reset 
signal that initializes the keyboard, 
and the last two carry the data signal 
and clock signal. Data is sent from the 
keyboard using a 9-bit serial stream. 
You can think of the first bit as a start 
bit. The remaining 8 bits contain the 
code for the key being pressed (or 
released). with the low-order bit arriv
ing first. The falling edge of the clock 
signal is used to indicate valid data is 
present on the data line. (Note: IBM 
PC keyboards are not ASCII-compati
ble.) 

The core of the keyboard adapter 
is a 74HC595 (IC2) 8-bit shift register 
with a built-in three-state latch. It also 
has an unbuffered output. OH', that 
reflects the state of the last bit in the 
shift register. This is normally used to 
cascade multiple registers. Data is fed 
into the D input directly from the key
board. The clock is inverted since the 
chip assumes valid data on the rising 
edge of the clock pulse. 

When the register is read or a reset 
is performed, IC2 and IC3 I are 
cleared. Data arriving from the key
board is shifted into IC2, and the data 
presently in the register is shifted up 
one bit (A to B, B to C. etc.). When all 
the data has been received from the 
keyboard, the shift register will con
tain the 8-bit keycode. The problem 
now is how to latch the data into the 
register's output buffers and tell the 
computer that a key was pressed. 

Remember that an extra start bit 
was sent by the keyboard. This high 
bit will appear on the OH' output as 
the se'Jenth data bit being clocked 
into the shift register. Data from the 

CIRCUIT CELLAR 

OH' output is clocked into IC31a one
half clock period after it appears on 
OH'. Half a clock period later, the last 
bit of the keycode is shifted into the 
shift register. Half a clock period after 
that. the data from IC3 la is clocked 
into IC3 I b. The output of IC31 b im
mediately strobes LCLK on IC2, caus
ing the current state of the shift 
register to be latched into the output 
buffers. The output of IC31 b is also 
connected to an open-collector in
verter (IC29) and can be used as an 
interrupt to the SB180. 

A subsequent read to the keyboard 
port will place the byte in the output 
buffers onto the data bus and will 
clear the shift register and IC31 so 
they are ready for the next keystroke. 
The data in the output buffers is not 
cleared and is available until the next 
byte is received from the keyboard. 

SELECTING A COLOR MONITOR 
Whether or not a particular monitor 
is suitable for use with the GTI80 
depends on two factors: the monitor's 
bandwidth and its physical interface. 

The analog RGB interface has three 
analog signal lines-one each for red, 
green, and blue-with a peak voltage 
of +0.6 V for maximum brightness. 
There is also a negative composite 

sync at TTL levels that consists of the 
HSYNC and VSYNC signals com
bined. This type of interface is com
patible with the SR-12P monitor men
tioned before. 

The digital TTL interface includes 
four TTL-level lines for the red, green, 
blue, and intensity lines. There are 
also two more TTL-level lines for 
separate HSYNC and VSYNC signals. 
This type of interface is compatible 
with most monitors designed for 
IBM's CGA board. Unfortunately, 
some monitors on the market don't fit 
the format of either of the two inter
faces described above. You will prob
ably have problems with such moni
tors, so it's best to avoid them 
altogether. 

The GTI80 is designed and pre
sented as a 640- by 480-pixel resolu
tion display controller. However. you 
can configure it by software to resolu
tions of 640 by 400, 640 by 350, 640 
by 200, 320 by 200, etc. (all with 16 
colors) . Ultimately, the frequency of 
the crystal oscillator you use on your 
GTI80 board controls the resolution 
you can expect and the monitor you 
can use. A 2 5-MHz oscillator will give 
you a PGA-Iike 640 by 480 or 640 by 
400 resolution but requires a high-

(continued) 

Photo 2: This screen picture was produced using the GTI80 and a Princeton 
SR-12 P monitor. 
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Photo 3: Another screen picture using the GTl80 and SR-12 P. 

quality 30-MHz monitor like the 
SR-12P (see photos 2 and 3). 

In order to use a less expensive 
EGA- or CGA-compatible color moni
tor intended for the IBM Pc. you must 
use a lower oscillator frequency and 
give up some resolution. A CGA 
monitor, for example, has a IS-MHz 
bandwidth and will support only a 
resolution on the order of 640 by 200. 
The newer EGA monitors have a 
higher bandwidth and a resolution of 
640 by 350 (an EGA monitor is RGBI 
and not analog) . You will have to slow 
the GTI80 down by a proportionate 
amount to use a slower scan rate. Use 
a crystal oscillator in the range of 12 
to 13 MHz for a 640 by 200 monitor. 
(Note: Software utilities included with 
the GTl80 allow use of the lower
resolution monitors.) 

The flexibility offered by the inter
changeable crystal oscillators coupled 
with the ability to set up the ACRTC's 
internal timing registers from software 
allows you to use most monitors on 
the market as long as you keep the 
bandwidth limitations in mind. 

One tidy and relatively inexpensive 
way to get around most of the prob
lems listed above is to use a monitor 
that can support a range of scan rates 
and either of the interfaces men
tioned. No such animal? Well. NEC 
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makes a MultiSync monitor that will 
adapt to whatever scan rate you are 
using and accepts either analog or 
dIgital RGB inputs. 

CIRCUIT CELLAR FEEDBACK 
This month's feedback begins on 
page 58. 

NEXT MONTH 
Part 3 looks at the GTl80 Graphix 
1bolbox software. _ 

Special thanks to Tom Cantrell, Ken David
son, and Mike Weisert for their contributions 
to this project. 

All screen pictures presented in this article 
were produced using the GTl80 with a 
Princeton SR-12 P monitor. The bit-mapped 
pictures were originally composed on an Atari 
520ST using DEGAS by 10m Hudson. They 
are reproduced and used here by permission. 

The following items are available from 

The Micromint Inc. 
2 5 '!errace Dr. 
Vernon, cr 06066 
(800) 635-3355 
(203) 871-6 170 
'!elex: 643331 

1. GTI80 graphics board: RGBI version less 
palette D/A converter. Comes with demo disk 
and user's manual. 

board alone .. ... . . ...... . .. . . $395 
board with Modula-2 and GTI80 

Graphix lbolbox ..... . ....... $449 
2. GTI80 graphics board: RGBI and analog 
version with palette D/A converter. Comes 
with demo disk and user's manual. 

board alone .. ..... ....... ... . $449 
board with Modula-2 and GTI80 

Graphix lbolbox ............. $499 
3. Borland International's 1\.Jrbo Modula-2 
GTI80 Graphix lbolbox software for the 
SBI80 and SBI80FX computers, optimized 
for the 64 180 processor. Supplied on 
5 y.!-inch DS/DD SBI80 format disks with 
300-page manual. 

SBI80 Modula-2 alone ... ........ $69 
SBl80 Modula-2 with Graphix 

lbolbox alone . .............. . $89 
4. SB 180FX 5.75- by 8-inch single-board com
puter. accommodates 512K bytes of mem
ory, two serial ports, three parallel ports, 
parallel printer port. floppy disk controller, 
SCSI controller, ROM monitor. 6-MHz 64180. 
Comes with ZRDOS, ZCPR3, hard disk BIOS, 
and user's manuals. Populated with 256\(.. 
byte memory, less 53C80 SCSI controller 
chip. 

SBI80FX board alone . . .. . . . . ... $409 
SB I80FX board wi th software .... $499 
SBI80FX board fully populated with 

512K bytes, SCSI chip, and 
software .... . . ...... . ..... .. $599 

9.216-MHz 64180 processor upgrade 
(SBI80FX only) ..... .. ......... $50 

GMIC, GVAC, ACRTC, and palette D/A con
verter chip sets are available for experi
menters who wish to hand-assemble the 
GT180. Call for price and availability infor
mation. Borland's 1\.Jrbo Modula-2 is also 
available for most CP/M Z80 machines. Con
tact Echelon Inc., 885 North San Antonio Rd" 
Los Altos, CA 94022 , (4 15) 948-3820. The 
SBI80FX is hardware- and software-compat
ible with the SB180. 

Surface delivery (U.S. and Canada only): 
add $5 for U.S" $10 for Canada. For delivery 
to Europe via U.S. airmai l. add $20. Three
day air freight devlivery: add $8 for U.S. (UPS 
Blue), $25 for Canada (Purolator overnight), 
$45 for Europe (Federal Express), or $60 
(Federal Express) for Asia and elsewhere in 
the world. Connecticut residents please add 
7.5 percent sales tax. 

There is an on-line Circuit Cellar bulletin 
board system that supports past and pres
ent projects. You are invited to call and ex
change ideas and comments with other Cir
cuit Cellar supporters. The 300/I200/24OD-bps 
BBS is on-line 24 hours a day at (203) 
87l-l988. 

To be included on the Circuit Cellar mail
ing list and receive periodic project up
dates and support materials, please cir
cle 100 on the Reader Service inquiry 
card at the back of the magazine. 
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