Construction project:

Multi-mode video card

for AT compatibles

Here's another state-of-the-art design for a
plug-in card suitable for IBM PCs and
compatibles (including AT type machines),
based on a new super-VLSI chip. This time
it's a video display/graphics adaptor,
providing monochrome, colour, Hercules and
CGA-compatible high definition colour
graphics modes — all with literally only a
handful of parts on a very short PC board.

by JIM ROWE

When the original IBM PC first came
out six years ago, there were two video
display adaptor cards for it: the mono-
chrome display adaptor (MDA) and the
colour graphics adaptor (CGA). One
was basically for display of text and sim-
ple graphics in no-nonsense mono-
chrome, the other for text and medium-
resolution graphics in colour. From
memory both cards were IBM ‘full slot’
length, and jam-packed with dozens of
ICs (although the MDA did include a
printer port as well).

But that's the way it was for a while -
you either used the MDA or the CGA,

depending on taste and budget. Then

along came Mr Hercules, with his im-
proved monochrome graphics adaptor,
and things started to change.

Not only did video cards get more

powerful and flexible, with a plethora of

display modes, but thanks to the devel-
opment of fancy new VLSI chips they
also started to shrink.

Nowadays there's a very wide range
of cards to choose from, some of them
offering the ability to emulate the origi-
nal MDA and CGA, the Hercules card
(HGA) and sometimes other fancy
cards as well. About the only one that
doesn’t seem to be emulated on most of

The completed card. As you can see
it is very compact, thanks to the
72C81 CGMA chip.
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these cards is the newer Professional
Graphics Adaptor (PGA) - presumably
because it's either too complicated, or
as yet not popular enough.

The only problem with some of these

‘commodity’ video cards is that they
won't necessarily give correct operation
with the newer generation of AT-level
machines. Many of these machines run
at 8MHz, 10MHz or even 12MHz, and
some of the display cards can’t keep up.
They can cause problems by forcing the
processor to enter additional wait states
‘twiddling its thumbs’ until the video
card has digested data for display.

Building your own video card hasn’t
been all that practical until now, mainly
because the specialised VLSI chips
needed for a small-chip-count circuit
have been hard to get. In any case, fully
wired and tested video cards have been
readily available at quite reasonable
prices, giving little incentive for building
one.

But things have now changed. The
multi-mode video card design described
in this article can be built up for rather

B N M e
e e R S e




less than any comparable wired and
tested card. At the same time, it's fully
compatible with AT-level machines, so
there needn’t be any doubt on that
score.

Best of all, the card is exceptionally
easy to build. In fact it must surely be
about the easiest PC-compatible card
yet described — the kind of project that
uses literally only a handful of parts,
and can be wired up in an hour or two
at most.

There are actually only four ICs in
the basic design, plus a couple of crystal
oscillator modules, a DIP switch to set
the display modes, five resistors and a
few capacitors. That's it!

It all fits on a tiny ‘short slot’ IBM-
type card, measuring only 102mm long.
Almost unbelievable, when you com-
pare it with those original MDA and
CGA cards...

Make no mistake, though. Despite
this apparent simplicity, it's a full multi-
mode display and graphics adaptor. It
will operate as an MDA, a CGA, a

Hercules HGA or a double-resolution’

CGA - and in either alpha or graphics
modes. See Table 1 for a summary of
the full range of display modes support-
ed. It's quite impressive.

By the way we at EA can't claim the
credit for developing the project. The
complete design comes from the
Microelectronics Division of NCR,
based in Colorada Springs, USA. The
design has come to us via NCR's Aus-
tralian representative Energy Control
International, of Sumner Park in
Queensland, and to make things espe-
cially easy for those who want to build
it up, Energy Control is making com-
plete kits available by mail order. For
details of the kit price and address for
ordering, please see the data panel
which accompanies the parts list.

Star of the show

You guessed it, most of the card’s
functions are performed by another of
those all singing, all dancing super-VLSI
wonder chips. In this case the chip is
NCR's new 72C81, which the company
describes as a Colour Graphics and
Monochrome Adapter (CGMA) -
which more or less means that it pro-
vides pretty well all of the circuitry
needed for our complete colour/mono
video graphics adaptor.

Essentially all that’s needed apart
from the 72C81 itself are a few memory
(RAM) chips for the actual screen
memory, a source of video clock pulses
and a TTL-type video monitor, as
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Fig.1: A simplified block diagram
showing the card’s main functions.

shown in the simplified block diagram
of Fig.1.

In reality you do need another clock
oscillator or two to cover the various
display modes, and a few other parts, as
we'll see shortly. But the 72C81 is cer-
tainly the star of the show, doing just
about everything except sweep the
floors and make the coffee.

NCR doesn’t tell you a great deal
about what's actually inside the 72C81,
in its data sheets. However here's a
summary of what I've been able to
glean about it:

Fairly obviously it's a state-of-the-art
ASIC (application-specific IC) device,
made using the new ‘Megacell’ tech-
nology (see our article last month, Meet
the VL16C452, a bunch of Megacells).
This involves designing new VLSI de-
vices by slotting together existing and
proven designs for subsystem modules.

The 72C81 is a CMOS single-chip
device, which comes in one of the new
84-pin PLCC (plastic leadless chip carri-
er) packages. It combines an industry
standard 6845-type video screen control-
ler, plus display character ROMS and
virtually all of the buffer circuitry for in-
terfacing to the PC bus, the video dis-
play RAM and the video monitor. The
pin connections for the 72C81 are
shown in Fig.2.

It provides full software compatibility
with the IBM MDA and CGA, plus the
Hercules HGA. In addition, it provides
a special CGA-compatible ‘high defini-
tion’- colour graphics mode, with
640x400 pixel resolution to improve
both text and graphics clarity. This is
achieved by means of special ‘mapper’
circuitry inside the 72C81, which inter-
cepts I/O accesses to the internal 6845
video controller and inserts new pa-
rameters which are correct for high
resolution operation. This gives higher
resolution display, while still ensuring
compatibility with software designed for
a CGA.

The various display modes are selecta-
ble either by coftware commands, or by
control voltages applied to a pair of
control pins on the device itself (Ml
and M2). These are sensed by the
72C81 during its power-up reset se-
quence. Table 2 shows the way the logic
levels on M1 and M2 control the display
modes; note that when both pins are at
logic 1, the device is disabled. This al-
lows the processor to access another
video adaptor, if there are more than
one fitted to the system.

In colour alphanumeric modes, two
bytes are used to define each character
image. The first or character byte is
used to look up the actual character
image data itself, stored in ROM. This
data is then serialised and shifted out to
the colour encoder. The second or attri-
bute byte then controls the encoder, to
define things like the colour of the
character, the colour of the background
and the screen border colour if CGA
mode is selected. The attribute byte
also controls character blinking, inten-
sity and normal/reverse display.

In colour graphics modes, the display
memory is organised in a packed-pixel
format with each byte representing four
or eight pixels, depending on the mode
selected. In 320x200 CGA graphics
mode each byte represents four pixels,
with two bits per pixel. Data read from
the display memory is shifted as bit

Alpha | Charac. | Sci .
Made L) ITyPe Fomet, |cen . | Resokmon Sy |coloes ey Table 2 (below):
CGA Aipha 40x 25 8x8 320x200 |B8000 | 16 2048 se'ocﬂlon of the
CGA Alpha 80x25 | 8x8 640x200 | B8000 | 16 2048 CGMA's dlsplay
HiDet | Aipha 40x25 | 8x16 | 320x400 |B8000 | 16 2048
Hi-Oef | Alpha 80x25 | 8x16 | s40x400 |Bsooo | 16 [ 208 modes is performed
MDA Alpha 80x25 9x 14 720 x 350 80000 3 4096 and I'Oﬂacfed by me
CGA Graphic | 40x25 | 8x8 320x200 | B800O 16384
CGA Graphic | 80x25 | Bx8 640x200 |B8ODO | 2 16384 logic levels on pins
HiDet | Graphic | 40x25 | 8x18* | 320xac0* |B8000 i 16384 M1 and M2.
HiDe! | Graphic | Box25 | Bx16' | s40xa00* |BBco0 | 2 16384 ¢
HGA Graphic | Box25 | 9x14 | 720x348 | BooO» | 2 32768
RO M1 M2| Mode
* Scan Double ** 2 page support in Hercules and Text Mode
n it s 0 0 CGA
0 1 Hi-Det
Table 1 (above): The range of display modes 1 o | mpamca
supported by the new card. It's very flexible. 11 | Disable

ELECTRONICS Australia, June 1988 89



.aESboac isowje saop Jjesy diyd YWD 8y; ‘eas ued nof sy "pied Jojdepe Aejdsip ay) 10j 3n2u1o 83eidwod ayl

= = = = 5. 8
ny- ]
5 I.QTI_T e H0zZ || wozz 482z H ZHHLSZ ' 9T n_” ZHUBY 82
s HH anz-a 20 va £ sy s | zmax s ] r1ax
4 4889 s s
NSZ/BT 1D T__*_lfT D 2 +- i s
*
An1'8 EID s LT 2 jﬁ” e &
ant'e S2
art-g zi1o i} %685
T4 anz-a w0 = .
1L
s
dnT°8 I1D ) LT iny'e €2 um X _
1l
L
gl B s e B o vara-ns| ML
. ny - az1 =
any e 62 =S LT a"1°'8 I0 Y nh“ INS j lﬁhNH =
912 o ans
e H ZHEWS 1
= = {32,
L14] =
a7 M1 H 374
- 71vz vel mE?EILE
ESTAVL - you1
— sou1
JnTuwu 921 - 951
LLEL Ad2y adivadey aduy adey ady H cour
r & 2z0 120 820 6ID 81D 21D nau%
= == = = == == = I
o B EAT I T 7 T3 | N ST - 1]
T FT|A00S2 sal
o— g zd ram i1
"o s ARg ™ XSZ/S€E
= 13534 gy g azie
> E AQ¥0/1 55 u*ol U_nl Z1-
R nnsh Niv & TyLeud
: : = S
684 152 |
ir “ E (14 »umu-
e o
e H £
L E T sa 5o
G 0. i =k
: i HE 3N =
? - = 5 N g2 T os
. - s e ~ e U] &1y N ¥s
fis i
Sty N vs
viv N us
- e
sy % sv [T P L 11y ¥s
5 : e i o s
£Q M" u €0 M“ u €q M" H_ 8y T eas
zZa v Ta v Iy Za zv Ly =~ 1as
1a 19 1a iy 1a v 9% N Zas
84 8y ry 80 8y ea av "“ /r M W
$oFF 113 voFP ey e
so1 €21 za1 zy Q—] 203
/ o £9 Su{daHoo1
@8ZZHON 0/THal
101 Td
\. N S S \ /

QyvI SJIHdVYHO O3AIA 3AOW-LTNN

ELECTRONICS Australia, June 1988

90



Multi-mode video card

Dual Serial
Port & Printer

Monochrome CGA Mode Hi-Det Mode
Horizontal scan rate 18.432 KHz 15.750 KHz 25.000 KHz
Vertical scan rate 50 Hz 60 Hz 57 Hz
Video rate 16.257 MHz 14.318 MHz 20,000 MHz
Displayable colors 3 16 16
Character size 7 x 9 pixels 5 x 7 pixels 7 x 9 pixels
Character cell size 9x14 8x8 8x16
Maximum resolution 720 v 350 640 x 200 640 x 400
Table 3: The main scant ameters for the CGMA
chip's various display m.
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Fig.2: Pin connections for the 78C80/72C81 CGMA chip,
which comes in an 84-pin PLCC package.

Which display monitor?

Although the CGMA card described in this article will op-
erate with a normal IBM-compatible monochrome monitor
in its MDA/HDA mode, and a similarly compatible RGB
colour monitor in its CGA mode, you'll need a special
monitor in order to take advantage of the card’s other high
definition colour mode.

The ideal kind of monitor to choose is one of the type
which is capable of automatically locking to any of a range
of horizontal and vertical scanning rates — this will allow
operation of the CGMA card in any of its modes, and
switching between them under software control.

We tried out the prototype card with an NEC “Multisync
II” type JC-1402HMR monitor, kindly made available by
NEC Home Electronics Australia. The Multisync II is a
high resolution 14" colour monitor with 30MHz video band-
width, a tube with 0.31mm dot pitch, and a potential reso-
lution of 800 dots by 560 lines. It locks automatically to any
horizontal scan rate between 15.5 and 35kHz, and any
vertical rate between 50 and 80Hz.

Needless to say it worked very happily with the CGMA
card in all of its display modes, and gave excellent results.

For further information on the Multisync II contact NEC
Home Electronics at 244 Beecroft Road, Epping 2121, or
phone (02) 868 1811.

Port Kit.
$ 9 9 Plus Tax

As featured in
“ELECTRONICS Australia”

® socket for all chips w

® includes all hardware
for second serial port

SERIAL PORT
FORMATS

® 25 pin ‘D’ format
® 9 pin ‘D’ format
PRINTER PORT

® standard IMB printer
port
4 .

PRODUCT CODE EC-452

HEAD OFFICE:

CNETQU -

CONTROL

BRISBANE

07 376 2955 03 8734755

BRISBANE AUSTRALIA.

Telephone: (07) 376 2955
Telex: AA43778 ENECON
Fax: 61 -7 - 376 3286

MELBOURNE WELLINGTON

04 85 8742
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Video card

pairs to the colour encoder. The colour
of the displayed images is specified
separately via the 72C81 (6845) Colour-
Select Register (I/O address 3D9).

Monochrome alphanumeric modes op-
erate in a similar manner to colour
modes except that the 8x14 pixel cell
character ROM is selected and an addi-
tional horizontal pixel is added for each
character, resulting in a 720-pixel wide
display (80 characters). In addition, the
colour encoder outputs video data on
the G output and intensity control on
the I output, with the available attri-
butes being blink, blank, underline, re-
verse video and intensify. Vertical sync
output is also inverted in monochrome
modes.

In monochrome graphics mode, data
from the display memory is serialised
and displayed in a 720x348 pixel for-
mat.

Essentially the 72C81 responds to
both Memory and I/O accesses.
Memory operations are used to write
and retrieve the actual information to
be displayed, to and from the video
RAMs. On the other hand 1/0 opera-
tions are used to specify the manner in
which this information is displayed.

In order to set up a specific video dis-
play, video is blanked by writing to the
72C81's Mode Control Register %I/O ad-
dress 3D8), the appropriate timing and
display parameters are loaded into the
internal 6845 register, the display me-
mory RAMs are loaded with the data to
be displayed, and video is re-enabled.
This process is normally performed by
the computer’s BIOS routines, or by
application programs themselves in the
case of those which write directly to the
display adaptor.

The scanning parameters for the
72C81 operating in the various display
modes are shown in Table 3.
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The placement and orientation of parts on the display adaptor card are
shown quite clearly in this screening diagram.

Circuit details

As you can see from the circuit sche-
matic for the new video card, there isn’t
a great deal of circuitry outside the
72C81 CGMA chip itself (U6). There is
provision for up to four 4464-ty
DRAM chips (64Kx4 bits) for the
video memory buffer, although only two
(U1 and U2) are needed for most appli-
cations. Adding the other two provides
a second ‘page’ of video RAM, allowing
the buffer to be written into by the pro-
cessor at any time, without additional

1
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Fig.3: Pin connections for the adaptor's DB-9 monitor output connector,
which produces TTL compatible signals.
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wait states and without producing snow
or video breakup.

DIP switches SW1 and SW2 are for
setting the CGMA's display mode, dur-
ing power-up reset. These connect di-
rectly to the M1 and M2 pins (13 and
12) discussed earlier, and also to the
control inputs of a 74F153 dual 4:1
multiplexer chip (US5).

One section of the multiplexer is used
to select the appropriate video dot clock
input for the CGMA (pin 34), for the
various display modes. The 14.318MHz
system clock is used for CGA mode,
while the 16.257MHz and 20.000MHz
clocks generated on the card itself by
Y1 and Y2 are used for the MDA/HGA
and Hi-Def colour modes respectively.

The other section of the multiplexer
chip is used to gate the monochrome
video output, which appears on the
72C81's ‘G’ output (pin S58) in
MDA/HGA mode. The second section
of the multiplexer therefore connects
the G output to pin 7 of the video out-
put connector only when SW1 and SW2
are set for MDA/HGA operation.

Note that the M1 and M2 pins of the
CGMA chip are not just inputs, but
outputs as well. During power-up reset



they act as inputs, reading the settings
of SW1 and SW2 to set the initial oper-
ating mode of the 72C81. But after this
initialisation, the two pins become out-
puts which reflect the actual display
mode bits stored in the 72C81's ex-
tended control register.

Resistors R1, R2, R3 and R4 are used
to ‘decouple’ switches SW1 and SW2
from the multiplexer control pins and
the CGMA M1/M2 pins, so that the
CGMA pins can have ultimate control
over the multiplexer. So if the 72C81’s
display mode is changed by software
commands, at some stage after the ini-
tialisation sequence, the multiplexer will
automatically change along with it.

Switch SW3 is used to configure the
card for use either with standard IBM-
compatible computers, or with NCR's
own machines. For IBM-compatibles
the Al4 system address line is not
brought to the CGMA Al4 input,
which is instead tied to logic 0 via resis-
tor R5. However for use in NCR ma-
chines, SW3 is used to bring the system
Al4 line in, to give it control over the
CGMA. I haven’t been able to find out
the reason for this — presumably it's due
to minor differences between the NCR
and other IBM compatibles.

Video and sync drive signals for the
monitor come directly from the CGMA
chip (apart from the monochrome V
signal), and appear at the usual DB-9
connector. This type of connector is
now used by most common ‘TTL drive’
monitors intended for IBM-compatible
computers, whether they are mono-
chrome or colour. The standard DB-9
video connections are shown in Fig.3.

Apart from the usual supply line by-
pass capacitors and capacitors used to
dampen any ringing on the video and
sync drive outputs, that’s about all there
is on the card. Although there is a light
pen connector (J2), with the standard
IBM connections.

One final point is that the 72C81 chip
does actually provide decoded /O ad-
dress signals to enable parallel printer
port circuitry. These appear on pins 14
and 55, being designated MLPT and
LPT1 respectively. Both are active low
outputs, and go low when the processor
accesses 1/0 address ranges 3BC-3BE
and 378-37F respectively. So the first
could be used to enable an MDA-
configuration printer port, while the
second could enable a CGA-configura-
tion port. On the current card these
outputs are not used.

Construction
Construction of the card should be
very straightforward, as Energy Control

is making available complete kits. These
include a quality double-sided PCB,
provided with a silk-screened pattern
showing the position and orientation of
all parts. Using this as well as the
photograph shown, of the complete
card, you should be able to assemble
the card quite easily in an couple of
hours.

I suggest that you mount the passive
components first — the resistors and ca-
pacitors — followed by the IC sockets.
Note that the big 84-pin PLCC socket
for U6 must be orientated with its
chamfered corner adjacent to C8. This
socket also has 84 fairly fragile pins, so

Continued on page pl112

PARTS LIST

1 PCB, 110 x 101mm

J1 DB-9 socket, PCB
right-angle mount

J2 6-way right-angle PCB
pin header

SW 4-pole DIL switch

Y1 16.257MHz DIL crystal
oscillator module

Y2 20.000MHz DIL crystal
oscillator module

Integrated circuits

ut-2 64K x4 bit DRAM

(4464/100ns or similar)

U3-4 64K x4 bit DRAM
(optional, as U1-2)

us 74F153 dual 4:1
multiplexer

U6 72C81 colour

graphics/monochrome
adaptor (CGMA) chip

Resistors

R1,2,5 680 ohms 1/4W
R3.,4 220 ohms 1/4W

Capacitors

C1-19  10nF monolythic, 100V
C20-21 10uF electrolytic, 16VW

Miscellaneous

84-way PLCC socket for U6;
18-way DIL sockets for U1-4;
PC-type card mounting bracket;
DB connector mounting screws

NOTE: A complete kit for this
project will be available from
Energy Control International Pty
Ltd of 26 Boron Street, Sumner
Park 4074, or telephone (07)
376 2955. The cost of the kit is
$119.00 plus $23.80 sales tax,
plus $6.50 for packing and
postage anywhere in Australia.

ALEX

UV MATERIALS

3M Scotchcal Photosensitive

Pack Price
250 x 300 mm 300 x 600 mm

Red/Aluminium $79.00 $90.00
Black/Aluminium $79.00 $90.00
Reversal Film $43.00 $58.00
Blue/Aluminium $79.00 $98.00
Red/White $71.00 $81.00
Black/Yellow $71.00 $81.00
$71.00 $81.00
$71.00 $81.00
8018 $71.00 $81.00
8030 $100.00 $121.00
8060 $71.00 $81.00

UV PROCESSING
EQUIPMENT
KALEX LIGHT BOX

o Autoreset Timer

e 2level Exposure

e Timing Light

e Instant Light Up

o Safety Micro Switch

e Exposure to 22in x 1lin

$650°° .

KALEX “PORTU-VEE”
e UV Light Box

e Fully Portable

e Exposure to 10in x éin

$225'°° + ST

PCB PROCESSING
KALEX ETCH TANK

e Two Compartment
e Heater
e Recirculation
(by Magnetic Pump)
e Two Level Rack e Lid

ssso.oo + ST

RISTON 3400
PCB MATERIAL

SIZE SINGLE
INCHES SIDED
36x24 $96.00
24x18 $48.00
18x12 $24.00
12x12 $16.00
12x6 $ 8.00

All prices plus sales tax f apphcabie b
40 Wallis Ave .
Eas! Ivanhoe 3079 = ="~
(03) 497 3422
497 3034 e o)
Teler AAJT678  pumen

ELECTRONIC COMPONENTS & ACCESSORIES
© SPECIALIST SCHOOL SUPPLIERS

8001
8005
8007
8009
8011
8013
8015
8016

Black/White
Blue/White
Green/White
Black/Gold
Blue/Aluminium

DOUBLE
SIDED
$124.00
$ 62.00
$ 31.00
$ 20.80
$ 11.00
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