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Figure 1. Matrox 27,000 square foot production facility in Montreal, Canada.

INTRODUCTION

Matrox is a world leader in the design and manufacture of
computer graphics boards and systems. The company is one
of the pioneers in raster scan graphics, having been manufac-
turing video and computer systems for OEM’s for over seven
years.

PRODUCTS

The original Matrox product offering consisted of a series of
Video RAM modules providing simple inexpensive displays for
OEM applications. These video modules were so successful,
that they still remain as viable products today.

With the introduction of standardized bus architectures in the
late 70’s, the Matrox product line grew to include several
“‘board”’ level offerings. Matrox video boards are available for
a number of industrial buses including Multibus, Q-Bus, Uni-
Bus, STD-Bus, S-100 bus and Exorcisor bus.

As the company’s expertise in graphics developed, marketing
opportunities for complete graphics systems led Matrox to
expand the Multibus product line to include CPU boards, mem-
ory boards, communication controllers, disk controllers, and
Multibus cardcages.

Matrox currently markets a complete line of boards, card-
cages, color monitors, keyboards and complete turnkey color
graphics terminals and systems.

Future growth for the company will come from new products.
Matrox will continue to set the pace in the development of
high resolution high performance video boards and systems,
and will expand its software and service offerings to support
the future needs of a growing base of customers.

FACILITIES

Matrox was founded in 1976. The company currently empicys
about 200 people in two Montreal based plants and a New York
based distribution centre. A 22,000 square foot facility houses
sales, R & D and administration. A second 27,000 square foot
plant houses production, and production engineering.

Figure 2. Board assembly area.
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Figure 3. Matrox 22,000 square foot administration and engineering facility in Montreal, Canada.

DISTRIBUTION

Matrox products are sold world wide through a network of rep-
resentatives and distributors. Over 95% of the company’s pro-
duction is shipped to export markets including the United
States, Europe, Australia and Japan.

Matrox is dedicated to serving the world marketplace, and will
continue to emphasize solid relationships with the company’s
distributors in order to provide strong local support for its
clients.
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Figure 4. Matrox MTX-1632 Video RAM is used in the console of
this industrial robotics system.
(photo courtesy of Graco Robotics Inc.)

APPLICATIONS
Matrox products have provided a cost effective solution for a

wide and varied number of applications. Some of the larger
industries served by the company include:

— Process control

— CAD/CAM

— Medical Electronics

— Robotics

— Computer Aided Instruction

— Financial Displays

— Engineering Work Stations

— Geophysical/Seismic Displays

— Military Electronics

— Presentation Graphics

— Business Graphics

— Public Information Displays

Matrox typically manufactures board or system level products

for OEM customers. OEM’s incorporate additional hardware
and applications software to suit their particular requirements.
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Matrox OEM customers use Matrox products in a wide range of applications

1 & 2 — Matrox products are used in a number of applications in the Aerospace Industry.
3 — Matrox display controllers are capable of generating very high resolution color CAD/CAM images.
4 — Process control displays can be generated using high resolution bit-mapped graphics or low cost character graphics with Matrox
display controllers.
5 & 6 — Matrox is a major supplier of graphic display controllers to the OEM Medical Electronics Industry.
7 — Process control workstations use several computer controlled graphic displays.




QUALITY ASSURANCE

Quality assurance means conforming to specifications.

QUALITY IN DESIGN

Performance, reliability, and quality are all important consider-
ations in the design process. Quality must be woven into the
design fabric, not added to the finished design. A good
designer considers the customer, the service technician, and
the manufacturing staff when developing a new product.

At Matrox, we are strongly committed to excellence in design.
Our component library lists all Q.A. approved parts and ap-
proved sources for those parts. Much emphasis is placed on
second source components. All new engineering designs are
tested, at the prototype level, with complete sets of integrated
circuits from several manufacturers. Engineering prototypes
are submitted to an extensive series of tests which include:
functional, temperature, and humidity testing, as well as a full
200 hour dynamic burn-in at 60°C.

QUALITY IN PROCUREMENT

To ensure the reliability of our products, we must demand
quality from our suppliers. Matrox works closely with repu-
table vendors to set up long term stable sources of supply. In
the case of critical items, such as multilayer circuit boards,
each approved vendor is visited at least once a year to ensure
that their quality control measures are up to our standards.

INCOMING INSPECTION

Occasionally, vendors do slip up. It is the role of the Matrox In-
coming Inspection Group to ensure that all supplies entering
the manufacturing area do conform to specifications. All items
are subjected to thorough electrical and mechanical analysis.
Bare circuit boards are 100% checked for warpage, twists,
size, registration, revision level, silkscreen, and proper plating
before being allowed into the raw materials inventory. All dig-

ital integrated circuits are 100% inspected on a go/no-go
GENRAD *“‘hot-rail”’ IC tester which performs a complete elec-
trical test at an elevated temperature.

Any rejected materials are clearly tagged, logged, and turned
over to a Management Review Board (MRB) for disposition. If
one vendor consistently has rejects, the situation is flagged,
and corrective action can be taken.

Figure 1. All digital ICs are tested at an elevated temperature on a
“hot-rail tester’’ before entering raw materials inventory.

QUALITY AS AN ATTITUDE

Quality in a manufacturing environment requires more than a
series of inspection stations. Quality starts with people, and
their attitude towards their work.




Figure 2. Semi-automatic insertion equipment simplifies assembly and
reduces assembly errors.

Taking a lesson from the Japanese, the company has set up a
Quality Circles program, whereby every worker has an
opportunity to introduce improvements that pertain to his par-
ticular job in the manufacturing process.

Quality circles get people involved in their work, and allow
them to see tangible results from their efforts. Quality prod-
ucts and pride in workmanship are closely correlated. Atti-
tudes are an important factor in ensuring that products
conform to specifications.

QUALITY IN ASSEMBLY

Matrox has an enviable production record from the standpoint
of quality control. A meticulous set of checks and balances
between assembly and inspection has resulted in almost zero
reworks, and a defective goods return rate of less than 1%.

to the proper length.

Our excellent quality record is due in part to a substantial
investment in automatic assembly equipment including: DIP in-
sertors, component insertors, lead forming equipment, pin
insertors and a wave soldering machine. The automatic equip-
ment is ideal for manufacturing large quantities of product.

Soldering is a very important stage in the manufacturing proc-
ess. Matrox technicians thoroughly inspect the wave solder
machine daily and measure solder contaminant levels on a
monthly basis. Wave soldering consistently turns out excellent
soldering results because every board is preheated to the cor-

rect temperature, and passed through a flux bath just prior to
entering the wave. After soldering, all boards are cleaned in a
freon bath and carefully inspected for flaws.

All of the production personnel involved with soldering are
required to attend and pass a comprehensive course on sol-
dering techniques. Also, each assembler is provided with a
“workmanship standards’” manual which identifies, using
large color pictures, what is and is not acceptable for a solder
joint. The workmanship manual is based on the Martin
Marrietta standards for the aerospace industry.

Figure 4: All Matrox boards pass through a wave solder machine
which turns out consistent excellent results.

INSPECTION

After each step in the assembly procedure, all products are
fully inspected by an inspector who must stamp the board and
the routing sheet with his unique marker. Boards are 100% in-
spected after insertion, after wave soldering, after touch-up,
after test and after system test. Boards are assigned a serial
number immediately after wave soldering, thus allowing com-
plete inspection and test records to be maintained throughout
the manufacturing process.

QUALITY IN TEST

Every Matrox product undergoes two extensive functional
tests and a 48 to 72 hour dynamic burn-in at 60°C. Every
board is functionally tested against a comprehensive set of
minimal performance specifications, which include normal,
low voltage, and high voltage checks.

Initial testing is performed on a Zentehl “‘bed of nails’’ tester
which provides a diagnostic printout for every board. The
Zentehl tester identifies 95% of all faults on all cards. After the
initial test, any faults are repaired, the board is retested, and is
then sent to burn-in.

After burn-in, a comprehensive systems test is performed to
identify any infant mortality problems. If a fault is found, the
card is again burned-in and recycled through the systems
test.

DOCUMENTATION AND TRACEABILITY

Despite an extremely rigorous test and inspection program,
some number of products do reach the customer with a prob-
lem. It is extremely important that problems discovered both
in the field and in the plant be properly identified, so that re-
medial action can be taken. To ensure traceability of prob-
lems, Matrox keeps comprehensive records on each individual
product shipped (referenced by serial number). These records
provide a log of all of the assemblers, inspectors, and test
technicians who worked on the product, as well as a listing of




any faults found in the production of that product. A summary
of field repairs its analyzed every month, so that any trends
can be identified. If a large number of faults appear to be asso-
ciated with a particular assembler or a particular test jig,
corrective action is taken.

Similarly, for all batches of new materials coming into the
plant, records are maintained for the incoming inspection test
results. If a problem appears to be associated with a particular
batch of components, that batch and the supplier of the parts
can be identified.

Another important quality consideration is the standard prod-
uct documentation shipped with every production unit. Each
product is accompanied by a comprehensive manual and a
shematic diagram reflecting the proper ECO revision level. If
any interim PMB’s (product modification bulletins) have been
implemented, a copy of the PMB is also shipped with the unit.
Every product is clearly identified as to both ECO revision
level and PMB level.

Figure 5: Matrox product documentation is complete and accurate. All
documentation is controlled in-house. '

WARRANTY

Matrox guarantees the functionality of every manufactured
item with a six month all inclusive parts and labor warranty.
This warranty can be extended to one or even two full years
for volume OEM customers.

AFTER SALES SUPPORT

To assist customers in integrating our products into their sys-
tems, Matrox maintains an Applications Engineering Group.
These applications engineers work with customers in setting
up, testing, and trouble shooting Matrox products. Over 50%
of all perceived quality problems can usually be isolated and
corrected over the telephone.

RELIABILITY

Reliability is another important aspect of Quality Assurance.
Careful attention to detail in the manufacturing cycle assures
that Matrox products enjoy a long fault-free life in the field.
Typical calculated MTBFs on complex Matrox boards are on
the order of 12,000 hours. MTTRs are typically less then one
hour.

SUMMARY
Quality assurance means conforming to specifications.

Matrox has an excellent quality record which boasts less than
a 1% return rate of defective goods. This performance is
achieved by people, who are dedicated to precision and per-
fection in what they do.

Quality can be achieved only by careful attention to detail at
all stages of the manufacturing process. At Matrox, quality is a
primary consideration in the design process, in parts pro-
curement, in incoming inspection, in assembly, in inspection,
and in test. Every product shipped by Matrox is required to
pass two independent comprehensive sets of functional tests
and a 48-72 hour burn-in at 60°C. When a product is allowed
into finished goods inventory, we guarantee that it fully con-
forms to specifications.

In order to correct problems on that fraction of a per cent of
units that do fail in the field, Matrox maintains comprehensive
records at all stages of the manufacturing process. These re-
cords provide the traceability necessary for proper feedback
to the production group. Also, a well staffed Applications Engi-
neering Group is employed to assist in fault diagnosis and
field repairs.

The realiability of Matrox products is born out both by theo-
retical calculations (12,000 hour MTBF typical) and by field
experience. Matrox stands behind every product with a com-
prehensive warranty that can be extended to two full years.

Quality does not stop when the product is shipped. Customer
support ensures that Matrox products continue to meet speci-
fications, in the field, for many years.
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CUSTOM CAPABILITY

Matrox has extensive engineering expertise in both hardware
and software for computer graphics systems. The company
has done custom systems work for several Fortune 500 com-
panies including McDonnell Douglas, General Electric, Philips,
and Xerox. Our design ability, our experience, and our solid
manufacturing capability permit Matrox to undertake complex
projects with tight delivery schedules. Many of the company’s
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Figure 1. GF-18 graphics terminal is a custom product developed for
McDonnell Douglas Corp.

standard products were originally developed as custom de-
signs for large customers. Where new designs are undertaken
for products with a significant market beyond the immediate
requirements of a single customer, Matrox will share the devel-
opment costs, or forego completely any engineering charges.

An engineering staff of over 80 people are organized by func-
tion into 6 engineering groups; Hardware, Software, Systems,
Production, Applications and Research & Development
(R & D) Groups. Additional engineering support groups in-
clude Drafting and Technical Documentation. Matrox’s strong
committment to R & D has contributed substantially to the
company’s role as a technological leader in the computer
graphics industry.
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Figure 2. Matrox can generate complex multilayer board designs in
4 to 6 months.




HARDWARE DESIGN

Matrox has a hardware design staff of over 30 experienced en-
gineers. The company can develop entirely new board designs
in about 4 to 6 months for prototypes, and 9 to 12 months for
volume production.

For major contracts, a design team headed by a project man-
ager is assigned to develop and maintain a schedule for the
system. The schedule, which identifies all significant mile-
stones and critical path items, is reviewed on a weekly basis in
order to keep any deviations in check.

Matrox has considerable expertise in graphics design, CPU
design, communications, and distributed processing systems.

SOFTWARE DESIGN

Over ten experienced software engineers are employed in the
Matrox Software Engineering Group. The company has exten-
sive experience in assembly language programming for most
popular microprocessors, as well as high level language pro-
gramming in Fortran, C, and Pascal using a variety of
operating systems including CP/M, CP/M-86, UNIX, RT-11,
and VMS. Over 90% of all program development is done on a
VAX-11/750 running under a VMS operating system.

At the heart of the company’s new high resolution graphics
system is a real-time multi-tasking operating system which
supports multiple processors. The ROM-based MRTOS soft-
ware was developed, in-house, in response to a need for real-
time interactive system performance.

Much of the graphics systems work that Matrox has done has
required that the software be compatible with the emerging
CORE and GKS graphics standards. Matrox has also been
involved in the proposed VDI (Virtual Device Interface), VDM
(Virtual Device Metafile), and NAPLPS (North American Pre-
sentation Level Protocol Syntax) standards.

Figure 3. A VAX-11/750 is used for software development for most of
the company’s ROM and disk based software packages.

SYSTEMS DESIGN

A separate Systems Engineering Group is responsible for all
mechanical design and systems integration work. The systems
group is also responsible for securing all regulatory approvals
for Matrox products, including UL, CSA, DIN, VDE, and FCC.
The systems group provides the experienced project manage-
ment capabilities required for complex systems products.

PRODUCTION ENGINEERING

A large well equipped Production Engineering Group is
responsible for overseeing the introduction of new engineer-
ing designs to the production assembly line. The production
engineering group designs all of the test fixtures and test pro-
cedures used in assembling, testing, trouble-shooting, and
burning-in Matrox products.

. e,

Figure 4. A large mechanical assembly area is used for custom systems work for OEM customers.




APPLICATIONS ENGINEERING

An independent Application Engineering Group handles day-
to-day technical liason with customers. This group is respon-
sible for working with clients having special product require-
ments, to determine if these requirements can be satisfied by
modifying a standard product. The applications group also
provides customer training and trouble-shooting support.

RESEARCH AND DEVELOPMENT

Matrox has maintained its technological leadership in the
" graphics business because of a strong committment to re-
search and development. A separate R & D Engineering
Group is responsible for the investigation of new develop-
ments in VLSI technology, video disk technology, new CPUs,
graphics controllers, etc. New product designs can be done
quickly and economically because the strengths and weak-
nesses of new technologies have already been identified
through the R & D effort.

Figure 5. A video disk research project has produced a commercially
viable 1.2 gigabyte archival storage system for picture, text,
and audio data.

MAKE VS. BUY

Many successful companies who have manufacturing capabil-
ity are eager to build new products “in-house™ if they cannot
find an existing product that exactly meets their requirements.

The “in-house” approach is not always best. If you are at-
tempting to source a product that is not generally in your com-
pany’s main line of business, it is probably best to investigate
outside custom designs.

Matrox’s graphics experience and capability have been built
up over a long period of time, and the costs associated with
acquiring this expertise have been substantial. Typically the
overhead costs associated with in-house designs far outweigh
the benefits of lower direct costs, unless significant quantities
of the product can be guaranteed.

SUMMARY

Matrox has extensive experience in custom board and system
design. Many Fortune 500 companies have come to Matrox for
custom products because of the company’s engineering
know-how, experience, and manufacturing capability to de-
sign, integrate, and produce top quality products in a short
amount of time.

Most of the major products introduced by Matrox have origi-
nated as custom designs for our customers. This type of ap-
proach to product development has several benefits for both
parties; the vendor is guaranteed at least one major customer
for the product, and the customer is guaranteed a stable
source of supply and minimal engineering costs.

Separate engineering groups are employed in hardware de-
sign, software design, systems work, production, applications,
and R & D. Because of our strong engineering capability and
our consistent product excellence, Matrox is regarded as a
technological leader in the computer graphics field.

Matrox has the capability, the experience, and the resources
to undertake custom graphics and microprocessor products.
Talk to us about your special requirements before you commit
to a Make/Buy decision.

Figure 6. A manual assembly area is used for low-volume standard
products or custom products.
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MULTIBUS VIDEO BOARDS

GXB-1000
RGB-GRAPH
VAF-512
RGB-ALPHA
BW-ALPHA
MSBC-QV3
MSBC-QV2
MSBC-2480
MSBC-512
NSBC-512
RGB-256
FG-01

Q-BUS (LSI-11) VIDEO BOARDS

QRGB-GRAPH
QVAF-512
QRGB-ALPHA
QBW-ALPHA
MLSI-2480
MLSI-512
QRGB-256
QFG-01

UNI-BUS (PDP-11) VIDEO BOARDS

MDC-2480
MDC-512

STD-BUS VIDEO BOARDS

STD-ALPHA
STD-2480
STD-256
STD-800

S-100 BUS VIDEO BOARDS

ALTR-2480
ALT-512

EXORCISER BUS VIDEO BOARDS

EXO-2480
EXO-512

SPECIAL PURPOSE VIDEO BOARDS

GT-600A
CTM-300/BRD
MSBX-800

VIDEO CONTROLLER MODULES

MTX-816
MTX-1632
MTX-1632SL
PV-1
MTX-2064
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SECTION 1

MULTIBUS VIDEO BOARDS

GXB-1000

2K x 2K Superhigh Resolution Color Graphics Board System for Multibus
RGB-GRAPH

Vector Plot 512 x 512 Color Graphics Display Controller for Multibus
VAF-512 ‘

RGB-GRAPH Video Input/Output Processor for Multibus
RGB-ALPHA

Programmable Color Alphanumeric Display Controller for Muitibus
BW-ALPHA

Programmable B/W Alphanumeric Display Controller for Multibus
MSBC-QV3

Quad Color Alphanumeric Display Controller for Multibus
MSBC-QV2

Quad Programmable B/W Alphanumeric Display Controller for Multibus
MSBC-2480

24 x 80 Alphanumeric Display Controller for Multibus

MSBC-512

512 x 512 Graphics Display Controller for Multibus

NSBC-512

Vector Plot 512 x 512 Graphics Display Controller for Multibus
RGB-256

256 x 256 Color Graphics Display Controller for Multibus

FG-01

High Speed Video A/D Converter for Multibus

1-23

1-31

1-35

1-39

1-47

1-51

1-55

1-59

1-63

1-67
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@ m&?otn‘ko::‘thml itd. GXB-1 000

5800 ANDOVER AVE., T M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

2K x 2K SUPERHIGH RESOLUTION COLOR GRAPHICS BOARD SYSTEM FOR MULTIBUS

® 2K x 2K read/write area e On-board 16 bit CPU (8088/5MHz)
® 1600 x 1200 and 1024 x 768 display ® 32K byte graphics interpreter
resolution

® 2D primitives plus segments
® 60 Hz noninterlaced/interlaced refresh " K
e Flash preset, clear, pan, blink, pixel

® 4, 8, 12, or 16 image planes (bits/pixel) processor, raster ops, flash load
e Hardware vector generator (800 nsec/ e Modular design
pixel)

e Fully Multibus compatible

® 256 color look-up table * Single +5V power supply

e Four pipelined on-board processors
o P ® Bus Master or Slave modes

The GXB-1000 is a two board Multibus based graphics system. The GXB-1000 provides the highest
performance raster scan color graphics for an extremely low cost. By adding a simple custom soft-
ware instruction translator in a high level language (C, Pascal, Fortran), the GXB-1000 can be used
to build a powerful high resolution color system capable of interpreting any graphics terminal com-
munications protocol. This feature enables the CAD/CAM user to upgrade his existing installation
with the GXB-1000 color graphics display controller without changing existing data bases or
application software.

Over 6 programmer years of Matrox software effort have gone into the development of the resident
graphics interpreter, which recognizes over 256 graphics commands.

The latest state-of-the-art color raster graphics hardware and software are incorporated into the
GXB-1000 boards. Advanced features include: 1600 x 1200 resolution, 60 Hz noninterlaced refresh,
hardware vector and circle generators (800 nsec/pixel), on-board 16 bit CPU, look-up table, pixel
processor, etc. A combination of the highest possible raster display resolution with ultrafast draw-
ing speed yields the top performance required for CAD/CAM applications at the lowest possible
cost.

SEPT. 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. DS-10A-02
1-3
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Figure 1. Typical high performance color graphics terminal using the GXB-1000

The GXB-1000 video board set is the basis of an extremely
powerful and versatile graphics display system. Using addi-
tional boards available off-the-shelf from Matrox such as 8 or
16 bit CPUs (ZBC-80 [Z-80A], MBC-86/12 [8086/87], MRC-68K
[68000]), 512K byte RAM (MEGA-4), floppy disk interface
(FFD-1), plus DMA, ETHERNET, and other Multibus boards

<::> : "2333 .

HARDCOPY 7 PRINTER
MULTIPLE
} cPuU's

8086

RS -232 TERMINAL

DATA

512K8 C:> TABLET

KEYBOARD

MATROX SOFTWARE

/h

NAL CHASSIS
DISK

ROM

from other suppliers, the user can assemble a high perform-
ance graphics system with minimal engineering effort, short
development time, and low cost. Matrox supplied graphics
software and accessories (CRT monitors, light pen, etc.) en-
able the OEM user to tailor system performance for a wide
range of applications.
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Resolution:

Bits /Pixel:

R/W Area:

Refresh Rate:

Figure Draw
Speed:

Flash Preset
Speed:

Slice Draw

Speed:

Flash Load
Speed:

Raster OP
Speed:

Preset Mask:

Scroll:

Shift:

Pan:

Look-Up Table:

Overlay Video:

Cursors:

Light Pen:

Video
Parameters:

Video Outputs:

GXB-1000 FEATURES

1024 x 768 standard

1600 x 1200 optional

1280 x 1024

1024 x 1024

(other resolutions are user-selectable)

4 bits/pixel standard
8, 12, and 16 bits/pixel optional

Read/write memory is 1K x 1K standard
2K x 2K optional

Noninterlaced or interlaced (50/60 Hz) all
resolutions except 1600 x 1200 which is in-
terlaced only.

800 nsec/pixel min. (‘‘snow’’)
3.2 pusec/pixel min. (retrace only)
includes vectors, arcs, circles, area fills,
and character draws.

12 nsec/pixel. All pixels (on single or mul-
tiple surfaces) are preset to a fixed value
in one field (16 msec).

50 nsec/pixel. 16 pixel horizontal (slices)
segments are written.in one 800 nsec
write cycle. Used in alphanumeric mode
for character draws, window clear, fill,
marker, etc.

12 nsec/pixel. 16 succesive horizontal
pixels in one bit plane are loaded in one
200 nsec memory cycle. Synchronous with
the display refresh. Used for high speed
load from external sources via Metabus.

6 usec/pixel for direct raster operations
(Bit Blitz) on raster rectangles. 2D trans-
form (translation, rotation, zoom/scale,
and reflection) and logic/arithmetic oper-
ations between source and destination
pixels are supported.

Individual control of each bit plane by
plane mask.

Smooth vertical scroll (by 1 pixel).

Horizontal shift by 4 pixels.

Scroll and Shift can be combined for a
smooth two dimensional pan within the 2K
x 2K area.

256 color look-up table for each 4 bit/
pixel surface.

Any bit plane can be used for overlay func-
tions such as blink, alpha, cursors, etc.

Cross-hair or user-defined cursor for
graphics. Underline cursor for alphanumer-
ics and dialog areas.

Built-in interface detects the light pen
position to one pixel accuracy in
100 msec.

All video parameters including horizontal
and vertical syncs, blanks, frequency, and
display format are user software program-
mable.

R,G,B color signals 1Vpp, 75Q with com-
posite sync on green. Separate video sig-
nal connector.

Multibus
Interface:

Metabus:
Pipeline

Processors:

On-Board CPU:

Multibus Mode:

Pixel
Processor (PIP):

Video
Processor (VIP):

Vector
Generator:

Memory board takes only +5V power
from the Multibus. VGM board fully con-
forms to Multibus specs.

The two boards are interconnected via
three 50-pin ribbon cables at the top of
each board (supplied).

Four on-board processors include 16 bit
CPU, pixel processor, video ECL proc-
essor, and hardware vector generator.

5MHz 8088 CPU with 32K of ROM, 4K
RAM, and Multibus interface. Interprets
off-board display file through on-board
ROM interpreter (graphics mode). Can
also be used as system CPU executing
8088 code (direct mode).

On-board CPU executes graphics instruc-
tions as either Bus Master or Slave. In
Master mode, the 8088 CPU fetches in-
structions from an off-board RAM display
file. In Slave mode, the host transfers the
instructions from the display file to the
8088 CPU via an on-board FIFO buffer
through an on-board 1/0 port. Byte by
byte or 256 byte block transfers are
supported.

100 nsec cycle time processor for process-
ing pixel values. Used for pixel com-
plement, color offset, load, shift, etc. Pro-
gram for PIP loaded by local 8088 CPU or
the user’s CPU.

16 x 8 high speed ECL look-up RAM used
for color mapping and video processing.
Program for the VIP is loaded by the local
8088 CPU or by the user’'s CPU.

High speed VLSI graphics processor gen-
erates vectors, circles, arcs, rectangles,
characters, etc. at 800 nsec/pixel. Pro-
gram for the graphics generator is loaded
by the local 8088 CPU.

SOFTWARE SUPPORT

MIG-1
Graphics
Package:

ACCESSORIES

CRT Monitors:

Light Pen:

Local CPU with resident MIG-1 inter-
preter recognizes approximately 256 high
level graphics commands. Included are
various figure draw commands, video ef-
fects, pan, clear, control, etc. The MIG-1
interpreter is stored in EPROM and can be
accessed either by MACRO commands
from a data file or directly by the CPU via
a library table. MIG-1 source code is avail-
able separately.

Matrox supports a full line of 19’ color
monitors for 1K x 1K resolution displays
with noninterlaced or interlaced refresh.

High speed ligh pen (LP-600).
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Figure 2. GXB-1000 functional blocks

FUNCTIONAL DESCRIPTION

The GXB-1000 board set is a complex high speed digital
graphics system. By using the latest state-of-the-art VLSI
circuits together with high speed ECL logic and advanced
software, Matrox can offer the highest performance in color
raster graphics. A board level product means lower cost,
higher reliability, easier system design, and faster product
introduction.

The system consists of two boards; VGM-1000 (Virtual
Graphics Machine) and RMB-1000 (Refresh Memory
Board). The VGM-1000 generates all of the video timing sig-
nals and provides local intelligence with an on-board graph-
ics interpreter executed by an 8088 CPU. The RMB-1000
contains 512K bytes of high speed RAM for four bit plane
storage. The memory is organized as 1024 x 1024 x 4
pixels. The system has also been designed to accom-
modate 256K RAMs. When these parts become available a
single RMB-1000 memory board can hold 2M bytes of RAM
organized as 2048 x 2048 x 4 pixels.

The VGM-1000 and the RMB-1000 boards are connected
via three 50 pin ribbon cables at the top of each board (Me-

tabus). Both boards require only +5V power from the Multi-
bus. The VGM-1000 board appears to the system bus as an
8088 master CPU with full bus arbitration logic.

The user can configure the RMB-1000 memory board for a
variety of different display formats and memory con-
figurations through a combination of software program-
ming, jumper changes, and crystal clock changes.

A minimal configuration consists of two boards; one VGM-
1000 and one RMB-1000. This system can be structured for
any display format within 1 Mega pixels, with each pixel
being 4 bits deep. Examples are 1024 x 1024, 1024 x 768,
640 x 480, 800 x 600 landscape and portrait displays.

For displays requiring more bits per pixel (up to 16 bits per
pixel) or more resolution (up to 2K x 2K) additional RMB-
1000 memory boards can be used. A maximum of four
RMB-1000s can be ‘‘stacked’’ together with one VGM-
1000. For example, a display of 1600 x 1200 x 4 requires
two RMB memory boards configured for serial operation. A
display of 1024 x 768 x 16 requires four RMBs configured to
operate in parallel.




VIRTUAL GRAPHICS MACHINE

The GXB-1000 design incorporates the concept of pipe-
lined distributed processors. The four GXB-1000 process-
ors represent the lowest level of the pipeline (as far as the
actual picture generation is concerned). The higher level
CPU (on-bus or off-bus via a data link) loads a display file
containing the picture description (data and instructions)
into off-board RAM memory on the Multibus (there can be
multiple display files in the off-board RAM). The display file
can be up to 16 million bytes long. Multiple display files can
also exist anywhere in the 24 bit Multibus address space.

The user can think of the GXB-1000 board set as a graph-
ics processor which executes its own instruction set. The
internal CPU together with local resources (ROM, RAM,
graphics processor, VIP, PIP, refresh memory, etc.) can be
thought of as a single graphics CPU with microcode stored
in on-board ROM. A particular graphics instruction is
performed by executing microcode (actually 8088 machine
language).

The display file containing the graphics instructions can be
interpreted by the VGM in either Multibus Master or Slave
mode (selected by jumper).

In the Master mode, the host computer has to transfer only
the starting address of the display file to the VGM’s 1/0
Command Input Port (3 byte transfer). The host then issues
a Run Display File (CONTINUE) command, after which the
VGM fetches successive bytes starting from the starting ad-
dress by becoming the Bus Master for every fetch.

MULTIBUS

A0-A23

ADDR.
GRAPHICS GRAPHICS
DISPLAY (CPU N —
FILES GXB - 1000 CRT
(RAM) | |Po-b7] DISPLAY

DATA

Figure 3. GXB-1000 Bus Master mode configuration.

In the Slave mode, the host must transfer every byte from
the display file to the VGM’s internal FIFO buffer via the
Command Input Port. Up to 256 bytes of the display file
commands can be stored in the buffer. Commands can be
loaded sequentially or in a single 256 byte block transfer.
At the end of a transfer, the VGM’s 8088 CPU will fetch in-
structions from the FIFO buffer until the buffer is empty. At
that time the VGM will issue an interrupt to the host. The
Slave mode is used for Multibus systems that do not sup-
port multimasters.

<L MULTIBUS )>
‘A AD Al AD “n/o ’
Yy Y
256 BYTE
GRAPHICS HOST FIFO BUFFER
DISPLAY CPU F-=------—® CRT
FILES GXB - 1000 DISPLAY
(RAM) (8088)

Figure 4. GXB-1000 Bus Slave mode configuration.

The local CPU executes instructions using on-board
resources; vector generator, VIP, and PIP. The instruction
execution time varies from slow (milliseconds) for long
vectors, clear screen, area fills, etc. to very fast (nanose-
conds) for control instructions. During execution the Multi-
bus is not used, thereby freeing it for higher level CPU com-
munications. After execution of the complete display file,
the local CPU (8088) sends an interrupt signal to the host,
notifying it that the display file has been finished. Alterna-
tely, multiple display files can be linked so that at the com-
pletion of one file the on-board 8088 will jump to the begin-
ning of the next file. Nesting of display files is also
supported.

The same byte (fetched from off-board RAM or internal
FIFO buffer) can be interpreted by the 8088 as either 8088
instruction opcode or as graphics instruction opcode. The
mode is determined by executing the instructions ““Switch
to Graphics Mode’’ or “‘Switch to 8088 Mode”. This feature
enables the programmer to combine the full 8088 instruc-
tion set (at full speed) with Matrox graphics instructions, in
the same or different files.

TYPICAL APPLICATIONS

The GXB-1000 graphics board set is a powerful video
display driver that represents the state of the art in raster
graphics equipment. The Matrox building block approach
to both hardware and software allows the system designer
to implement a new graphics terminal, or emulate an
existing terminal, with considerable savings in development
effort, cost, and time.

By writing the terminal’s high level graphics software in a
high level language (C, Fortan, Pascal), executed by the in-
bus user CPU, any graphics terminal can be designed
(Matrox offers both 8086/87 or 68000 based Multibus CPU
cards as in-bus host processors). The Matrox graphics
commands are treated as user macrocommands and are de-
fined as such to the user’s high level language assembler.
The programmer does not have to be concerned with the
display hardware, and can therefore write high level termi-
nal programs on the CPU of his choice to generate display
files. These display files are in turn executed by the Virtual
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Figure 5. 1K x 1K color graphics terminal implementation.
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Graphics Machine in a pipelined fashion, providing the high
throughput required for interactive graphics.

This approach significantly simplifies the design of a graph-
ics terminal and enables the user to construct a custom ter-
minal or emulate and upgrade any existing terminal in the
shortest possible time. All of the existing user application
software and hardware can be used without any change.

As an example of this philosophy, Matrox has developed a
Tektronix 4113 emulator software package in “C” which
runs on the Matrox MBC-86/12 (8086/87) Multibus CPU
board. The package uses a real-time kernel, written in “C”’,
which supports multitasking.

The software is available in “C” source code for the user
wanting to add special functions.

USER MODEL OF THE GXB-1000

The GXB-1000 display appears to the user as a series of 4
plane read/write surfaces. One RMB board represents a
single 1K x 1K x 4 bit surface. Up to four RMB boards can
be combined serially to provide a larger surface (2K x 2K x
4 bits), or, they can be combined in parallel to provide up
to four 1K x 1K x 4 surfaces.

Two bytes are required to define a unique X address, and
two bytes are required to define a unique Y address within
a read/write surface (64K x 64K addressable area). The
graphics interpreter uses only the first 11 address bits (2K x
2K read/write area) and ignores the upper five bits (wrap-
around). The actual displayed area may be less than the full
read/write area (i.e. 1024 x 768 display area). The display
area can be panned to any position within the read/write
area.
Y

64 K*

SURFACE

ADDRESSABLE
AREA

64K x 64K

2K

p
SURFACE
/ DISPLAY
AREA
/ aoza-m%
/)
2K

SURFACE R/W AREA
/2K x > X

0.0 2K 64K

TWO
Figure 6. Surface addressable, read/write, and display area definitions. 5“‘}5;’?'5“5

Each surface can be organized into subsurfaces, with each
subsurface consisting of one to four planes. The number of
planes used for each subsurface determines the maximum
number of colors that can be displayed by that subsurface.
Up to 16 one-plane subsurfaces can be defined if four RMB
boards are used.

Every surface has its own color look-up table (LUT). As
each pixel is displayed, its color index (the four bit binary
value stored in the display memory) addresses one of
sixteen positions in the look-up tabie. The output from the
look-up table is an 8-bit binary number which, after D/A
conversion, defines one of 256 possible display colors.
When more than one display surface is used the outputs of
the look-up tables can be combined in a “logical OR” or a
priority manner (figure 6).

Each subsurface produces its own graphics image. These
various images are combined to create a single display,
according to the user’s overlay and priority commands;
“‘Surface Video Combination”, ‘‘Set Surface Priority”’, *‘Set
Surface Visibility’’, etc. (see GRAPHICS INSTRUCTION

SET). If a given subsurface uses a transparent background
the next lower priority subsurface will be seen. If, on the
other hand, the background is opaque, all other lower prior-
ity subsurfaces will be hidden.

Once a subsurface has been specified, the graphics
processor can draw various figures, patterns, or charac-
ters. The primitives include: point, vector, arc, circle,
marker, rectangle, polygon, filled window, and filled charac-
ter cell. Figures and figure attributes (thickness, texture,
addressing and data modes, etc.) are specified by the fig-
ure drawing instructions.

There are three possible drawing speeds selectable by the
user (Set Drawing Speed instruction). The highest speed is
64 clock cycles per pixel (800 nsec with an 80 MHz clock,
or 1.25 million pixels/sec). However, in this mode the
display is blanked when accessed by the graphics proc-
essor resulting in a “snow” effect on the screen. If the
drawing is limited to the retrace period only (i.e. when the
display is blanked), to avoid ‘*snow’’ on the screen, the
resulting drawing speed is 3.2 usec/pixel or over 300,000
pixels/sec. The third speed, obtained by using a wider dis-
play blanking signal, is 1.2 psec/pixel or 830,000 pixels/
sec. The user can switch at any time between these draw-
ing speeds depending on the desired effect and the
amount of data to be drawn.

A complete surface can be preset to any color by a
hardware flash preset command which loads each pixel in
the surface at 12.5 nsec/pixel or one field for the complete
surface (16 million pixels in 16.6 msec).

BOARD RMB - 1000
oy
P
SINGLE IKx1Kx 4 1K K x 4
SURFACE SURFACE + SURFACE
o0 0
FOUR K x K x| 1K x IKx1
817 BIT PLANES + BIT PLANES
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N 153
1
| S———— I
1K x 1K x 3 1K x 1K x2 THREE
SUBSURFACE + SUBSURFACE SUBSURFACES
2+1+1
1 N2

1 0 !
color 3 2 ‘Lf)
INDEX 4 T

00K~ VIDEO
Lok PRIORITY
28

1D or Js

LOOK-UP
TABLE

RED GREEN BLUE

Figure 7. Five subsurface/two surface display example.

In the Alphanumerics display mode, the GXB-1000 works as
a color alphanumerics terminal, supporting commands
such as carriage return, line feed, back space, etc. Either
the full screen or up to four rectangular display areas
(Dialog Areas) can be specified for writing text. Alphanu-
merics Mode and Dialog Area instructions are used for text
manipulation.
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Any 1-bit subsurface on each surface can be designated
for pixel blink control. Setting the pixel bit “on’’ will result
in an on/off blink rate of 4 Hz for all the pixels with the
same X,Y address on the same surface. A designated
subsurface can also be used as an overlay plane, a graph-
ics cursor plane, or an alphanumerics plane.

GRAPHICS INSTRUCTION SET

The instruction set has been organized into 10 different
functional groups:

. Flow Control Instructions

. Context Switching Instructions

. Configuration and Initialization Instructions
. Command Instructions

. Direct Raster Instructions (Raster Op)

. Figure Drawing Instructions

. Alphanumeric Terminal Mode Instructions

. Dialog Area Instructions

. Miscellaneous Instructions

. Input Function Support Instructions

QCQUOWONOOA LA WN =

—_

The execution times shown in the following tables apply
only to the “worst case” mode, where only one instruction
is executed at a time. Normally execution times are much
shorter (approaching zero) due to the pipelined archi-

Context Switching Instructions — Data fetched from the dis-
play file can be interpreted as direct 8088 op code, or as
graphics op code. After a power-up or reset, the VGM defaults
to “native 8088 mode”. In this mode all instructions are inter-
preted as 8088 commands. The user can operate in this mode,
or can select the ‘‘graphics interpreter mode” by executing a
CALL instruction to the starting address of the on-board
graphics interpreter (switch to graphics mode). The 8088 then
interprets all op codes as graphics instructions. When oper-
ating in the graphics mode, an instruction is provided to re-
turn to the native 8088 mode (Switch to 8088 Mode).

# EXECUTION
INSTRUCTION BYTES | TIME (us) DESCRIPTION
Switch to 5 120 Disengages the graphics
8088 Mode interpreter (display file).
Switch to 5 120 Engages the graphics
Graphics Mode interpreter.

Table 2. Command Instructions.

Configuration and Initializing Instructions — This group of
instructions defines and initializes display parameters such
as; number of horizontal and vertical pixels, drawing speed,
pan, syncs, blanking, and refresh rate.

techture of the GXB-1000. For example, when drawing po- % | EXECUTION
lygons, the execution time is a function of the pixel drawing INSTRUCTION | BYTES| TIME (us) DESCRIPTION
speed only, since the graphics processor and the 8088 -
CPU operate in the pipelined fashion; i.e. one draws the l§9t Vif:eo 2 100 g?'elctsfS‘a"dffﬁ ‘6';’:0 768

f orma isplay formats: X ,
vector while the other calculates the parameters for the 1024 x 1024, 1600 x 1200,
next vector.
The instruction set shown is a superset of all available in- Set Drawing 2 100 Selects drawingin

i . : : . Speed retrace only (4 usec/pixel),
structions for the virtual graphics machine. Actual versions all the time (800 nsec/ pixel)
of available MIG-XX interpreters execute a subset of the or 50% video (1.2 usec/
GXB-1000 superset, since not all users require all the in- pixel).
structions. Fgr information on the MIG-XX implementations Pan Display 5 100 Positions display within 2K x
currently available, consult the factory. 2K area.
Flow Control Instructions — These instructions are used for Surfaces 2 100 Define combination function
various housekeeping functions related to the display file and Video for multiple surfaces
program flow control. Combination (visibility, priority/OR
overlay).
# EXECUTION Select 2 100 Selects one of four surfaces

INSTRUCTION BYTES | TIME (us) DESCRIPTION Surface for read/write operations.

Go To 4 100 Loads graphics program Subsurface 2 400 Define overlay function for
counter with address of next Priority multiple subsurfaces on a
instruction (24 bits). Set surface (priority/ OR overlay).

Go Sub 4 100 Loads graphics program Select 2 400 Select one of several
counter with address of next Subsurface subsurfaces on a surface for
instruction and stores the read/write operations.
current PC on the stack. X

Define 2 400 Defines one to four

Return 1 100 Return to main program from Subsurfaces subsurfaces on a four plane
the subroutine. surface.

Stop 1 60 Stops program execution Set 2 400 Defines foreground color for
requires an I/0 command to Subsurface subsurface write operations.
restart. Color

NOP 1 100 Dummy instruction. No Set 2 400 Defines background color
operation. Subsurface and combined subsurface

- Combination dispiay color.

Idle 1 50 Wait loop, 8088 fetches the
same instruction byte, Set 2 400 Enables/disables subsurface
looping conditional on code Subsurface visibility.
change. Visibility

Reset 1 50,000 Resets and initializes all Load Surface 17 200 Loads 16 byte Look-Up Table
local resources after LUT Directly directly.
executing self-test.

Load Surface 5 100 Loads start address of user

Load Status 1 100 Loads current status of local UCS Start character set file (file =
resources (stored in VGM Address 256 x 16 x 16 = 8K bytes).
RAM) to shared buffer. ;

Load Shared 5 100 Loads off-board RAM buffer

Interrupt 1 60 Sends interrupt to Host CPU. Buffer Start start address (8 bytes long).

Address

Fetch 2 60 Sets subsequent fetches Define Video 9 200 Defines special video display

Single/Page from file as single byte or formats (sync, blanks, no. of
256 bytes (stored in cache). lines, etc.).

Table 1. Flow Control Instructions.

Table 3. Configuration and Initializing instructions.
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Commands — This group of instructions provide the highest

o # | EXECUTION
priority control of the on-board 8088 by the host. These are INSTRUCTION | BYTES | TIME DESCRIPTION
the only instructions that are transfered directly to the 1/0 (s)
port on the VGM-1000 board, and are not fetched from exter- Read Back 13 100+ Nx3 | Reads raster rectangle to
nal Multibus RAM (Master mode). The 1/0 port address is Raster off-board RAM.
hardware selectable by the user. Write to 13 100+ NX3 | Write raster rectangle from
Raster off-board RAM.
# | EXECUTION
INSTRUCTION BYTES | TIME (us) DESCRIPTION Set Data 2 100 Defines data packing; bit x
- R Packing Mode bit, run length.
Load Start 4 200 Loads internal graphics
Address 24-bit program counter (start Raster Op 14 100 + 2Nx3 | Moves raster rectangle from
address of display file in one screen location to
Multibus RAM). another with operation.
Reset 1 50,000 Resets and initializes all Table 5. Direct Raster Instructions.
local resources after
executing self-test. ) )
Figure Drawing Instructions — The VGM-1000 draws graphics
Load Status 4 200 'r‘:sac‘,duf:;;e(gttj::é”iic\’,'é‘;,fa' primitives at a rate of 800 nsec/pixel. The nine primitives in-
RAM) to Multibus memory. clude line draw commands (point, vector, arc, circle, marker,
rectangle, and polygon) and area draw commands (window
Stop 1 100 Suspends all 8088 and character cell). Several attributes are associated with
operations, no Multibus each figure to be drawn:
access.
Continue 1 100 Resumes prqgram execution Texture — Write/skip pixel pattern (1{5 x 1 bit). Used to
after a stop command. define texture of a line primitive.
Table 4. Context Switching Instructions. Fill Pattern — Write/skip pixel pattern (8 x 8 bits). Used to
Direct Raster Instructions — This group of instructions works define the fill pattern of an area primitive.
directly on a rectangular area of the raster. Both run length ; _ : py P in line draw-
and bit by bit encoding can be used. Execution speed is a Thickness Emzﬂggzrtaht?ong-eq i'ﬁep&oelbse;sxeg pixlelg%e)‘(ws
function of the number of pixels in the rectangle, N, and the pixels, up to 16 x 16 pixels ’ ’
pixel op speed (3 psec/pixel). ’ )

' ‘ ' . _ i . he fi .
The instructions; Read Back Raster, Write to Raster, and Set Chain gg%ﬁg:ﬁﬁ itr?iuncucnéls)gggf times the figure is to
Data Packing Mode, are used for the transfer of raster data ’
to/from off-board RAM. Addressing — The coordinates can be specified in one of

. . L o three ways:

The Raster Operations work on pixels inside a specified raster

rectangle. First a 2D transformation is performed on each Absolute -2 byé_es tfor each X,Y

“source” pixel, then each transformed pixel is combined with coordina g' 65.535

the corresponding pixel at the new destination on the same or ) range = U — 0o, )

different subsurface. Relative — 2 bytes for each coordi-

nate relative to the cur-

The available 2D transforms and raster operations are sor.

described below: range = + 32,767
Short Relative — 1 byte for each coordi-

Source/Destination — Defines size, initial X/Y position, and nate relative to the cur-

Raster Rectangle destination subsurface of the raster sor.

rectangle on the current subsurface.

2D Transform — Defines  the 2D transformation

Parameters performed on each source pixel before
combination with the destination pixel.

Translation — X, Y translation offset for each pixel.
Rotation — Rotates each source pixel about the

Z-axis with the lower left corner of the
rectangle at the origin (8 angles in mul-
tiples of 45°).

Zoom/Scale — Source raster is multiplied by 1, 2, 4, or
8 (zoom by pixel replication) or divided
by 1, 2, 4, or 8 (scaling by pseudo ran-
dom dither sampling).

Reflection — Source raster can be reflected abou

any one of four axes (X, Y,Y = X, Y =

Raster Operations — After the 2D transformation, the source
raster is combined with the destination
raster pixel by pixel. Source pixels can
be complemented before the oper-
ation. Logic operation (AND, OR,
X—OR), arithmetic operations (ADD,
SUBTRACT), copy and user-defined pi-
xel functions can also be specified. Op-
erations with a constant are also sup-
ported.

range = +127

PIP Function — Specifies the pixel data to be written to the ad-
dressed pixel. Five possible functions can be

defined:

Complement Pixel — complements each pixel
bit

Color Index — defines 1 of 16 colors

— reads value and offsets
by 0 — 15

User PIP Function — user defined truth table

used for pixel transfor-

mation

Offset to Index

Chromakey Switch — used for user defined
chromakey outline fill or
hardware clipping (used
only with window
command).

The texture, fill pattern, thickness, and PIP are each selected
through separate explicit instructions. The figure, chain, and
addressing mode are selected implicitly by the figure draw in-
struction op code.




Table 6. Figure Drawing Instructions.

Note — Bytes and Execution times shown in Table 6 reflect a 1
x 1 pen size and short relative addressing.

Alphanumeric Terminal Mode Instructions — In this mode, the
GXB-1000 becomes a full screen color alphanumeric terminal.
The user can select a character cell size of 8 x 8 or 16 x 16
pixels. The character generator can use either the standard
ASCII set (stored in EPROM) or a user defined set (stored in
Multibus RAM). The display format is determined by the num-
ber of pixels in the X and Y directions.

i.e. 1024 = 128
8

Number of Characters/Line no. of X pixels

character X size

I

Number of Lines/Display no.of Y pixels i.e. 768 =96

character Y size 8

# EXECUTION # EXECUTION
INSTRUCTION | BYTES | TIME (us) DESCRIPTION INSTRUCTION | BYTES | TIME (us) DESCRIPTION
Set Texture 3 100 Loads 16 bit write/skip pixel Enable ATM 1 100 Enable alphanumeric
pattern. terminal mode.
Set Fill 9 200 Loads 8 x 8 bit fill pattern Define Alpha 2 100 Defines character size,
Pattern (organized as 8 bytes). Mode : character generator, format,
etc.
Set 2 100 Selects 1 of 16 pen sizes
Thickness from1x1to16 x16. Define Alpha 2 100 Defines surface/subsurface
- Surface/ to be used for alpha-
Set 2 100 Selects chromakey index Subsurface numerics.
Chromakey 0-15 for fill and clip
Index functions. Define 3 100 Defines character fore-
Character round and background
Select PIP 2 100 Selects 1 of 5 PIP functions Color 20.“ g
Function (complement, color, offset,
chromakey, user). Set AT 3 100 Positions alpha cursor.
Cursor
Load User 9 100 Loads user PIP, pixel Position
PIP in/pixel out table — 16 x 4
organized as 8 bytes. Enable AT 1 100 Enable/disable cursor
Cursor visibility.
Select 2 100 Selects 1 of 16 Matrox
Marker defined markers. Clear Screen 1 16000 Clears screen and positions
cursor to home.
Select User 4 100 Selects user defined 8 x 8
Marker bit marker located in Clear to End 1 1000 Clear to end of line.
Multibus RAM. of Line
Move 5 100 Moves current position Character 2 1000 Draws one character.
AR,SR absolute, relative, or short
¢ ) Selative). Character N 1+N Nx1000 Draws N characters
(up to 256 chardcters).
Point 3 100 Draws point.
(AR,SR) P Character 2+M+1[ Mx1000 Draws a string of characters
Many until an SA instruction is
Vector 3 100 + P.8 | Draws vector from current received.
A.R,SR osition to endpoint.
( ) P P SA 1 100 Alpha string terminator.
Arc 3 100 + Px.8 | Draws an arc from point A to (Stop Alpha)
Point B with center at
current position. CR 1 100 Carriage return.
Positions cursor to left
Circle 2 100 Draws a circle of radius R margin.
+27Rx.8 | with center at current -
position. LF 1 100 Line Feed.
Moves cursor down one line.
Marker 2 100 Draws a marker at current
(ARSR) +MxPx.8 | position (dimensions BS 1 100 Backspace.
= MxP). Moves cursor left one space.
Polygon 4+2N 100 Draws polygon (closed HT 1 100 Horizontal tab.
+NxPx.8 | vector chain). Moves cursor right one
space.
Rectangle 4 100 Draws rectangle (outline -
+4Px.8 | only) from current position. vr 1 100 Vertical Tab. )
Moves cursor up one line.
Window 4 100 Draws rectangle (filled) from X K K
+MxPx.8 | current positign ((dimer)mions Table 7. Alphanumeric Terminal Mode Instructions.
= MxP).
- Dialog Area Instructions — A dialog area is a rectangular re-
Gharacter 2 200 Ee'ﬁ"}’fo?n"cirf:gﬁf gg:iﬁ’;:er gion of the screen used to display text. Up to four dialog areas
. of different sizes can be defined on the screen. Instructions

for dialog areas are similar to the Alphanumeric Terminal
Mode Instructions and use the same character sets and sizes.
The number of lines in a dialog area is determined by the num-
ber of X and Y pixels and the character size. For example, in a
300 x 200 dialog area using 16 x 16 characters:

Number of Characters/Line = 300 =18
16

Number of Lines = 200 ~—»12
16

The characters are positioned on multiples of 8 or 16 in the X
and Y directions. Note that in a dialog area, when the window
is complete, the cursor moves to the start position (page
mode) whereas in Alpha Terminal Mode the display is moved
up gn)e line and the cursor goes to the new bottom line (scroll
mode).
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EXECUTION

Input Function Support Instructions — These instructions gen-
erate various graphics cursors and video effects. The user can
define a special graphics cursor, stored as a subroutine,
which is then used for all graphics cursor operations. Multiple
cursors can be defined, but only one is active at a time. The
default cursor is a 4 screen crosshair shown at the cursor

position (complement).

E
INSTRUCTION | BYTES | TIME (ys) DESCRIPTION
Select 2 100 Enable/disables one of four
Dialog Area dialog areas.
Define DA 6 200 Defines dialog area, size and
position.
Define DA 2 100 Defines character size and
Character font.
Set
Define DA 3 100 Defines character
Character foreground and background
Color colors.
Set DA 3 100 Positions DA cursor.
Cursor
Position
Enable DA 1 100 Enables/disables DA cursor
Cursor visibility.
Clear DA 1 MxXNx300 Clear dialog area.
(M x N pixels).
Clear to End 1 1000 Clear to end of line.
of DA Line
DA Character 2 1000 Draws one character in dia-
log area.
DA Character 2+N Nx1000 Draws N characters in dialog
N area (up to 256).
DA Character |2+ M+1| Mx1000 Draws character string until
Many SA instruction is received.
SA 1 100 Alpha string terminator.
(Stop Alpha)
CR 1 100 Carriage Return.
Moves cursor to left of DA
line.
LF 1 100 Line Feed.
Moves cursor down one line.
BS 1 100 Backspace.
Moves cursor left one space.
HT 1 100 Horizontal Tab.
Moves cursor right one
space.
vT 1 100 Vertical Tab.

Moves cursor up one line.

Table 8. Dialog Area Instructions.

The characters are positioned on multiples of 8 or 16 in the X
and Y directions. Note that in a dialog area, when the window
is complete, the cursor moves to the start position (page
mode) whereas in Alpha Terminal Mode the display is moved
up one line and the cursor goes to the new bottom line (scroll

mode).

Miscellaneous Instructions — These instructions include sur-

face blink, highlight, preset, and light pen.

#® EXECUTION

INSTRUCTION | BYTES| TIME (us) DESCRIPTION

Surface 1 100 Enables/disables surface

Hardware hardware blink (on/off 4 Hz).

Blink

Surface 1 100 Enables/disables surface

Software software blink (on/off any

Blink frequency).

Subroutine 1 100 Enables/disables subroutine

Highlight highlight (complements
subroutine once/second).

Flash 4 16000 Presets to an affixed color,

Surface the entire screen or any

Preset rectangular display area, on
one surface.

Light Pen 1 32000 Loads the light pen address
to the Multibus shared
buffer.

Blank/Enable 1 100 Blanks (disables)/enables

Display the entire display

Table 9. Miscellaneous Instructions.

#® EXECUTION

INSTRUCTION | BYTES | TIME (us) DESCRIPTION

Define 4 100 Defines starting address of

Graphics the display file (subroutine)

Cursor describing the user’s cursor.

Define GC 2 100 Define graphics cursor

Surface surface and subsurface.

Start Track 5 — Positions and displays

GC graphics cursor at X, Y.

Track to GC 5 — Moves cursor to new X, Y,
displays it, and erases old
GC (complement).

End Track GC 1 — Sets GC invisible.

Start Ink GC 5 - Positions cursor to X, Y,
displays GC, and enables ink
mode color.

Ink to GC 5 - Moves GC to new X, Y, inks
trail of movement with color.

End Ink GC 1 - Disables ink mode and sets
cursor invisible.

Start Rubber 5 - Positions and displays GC at

Band X, Y and enables “‘rubber
iband” mode.

Rubber Band 5 — Moves cursor to new X, Y

to GC and draws a line from old to
new position.

End Rubber 2 - Disables rubber band mode

Band and sets cursor invisible.

Table 10. Input Function Support Instructions.




SPECIFICATIONS
FUNCTIONAL
DISPLAY PARAMETERS

NO. OF RMB BOARDS/SYSTEM l MAXIMUM RESOLUTION
1 1K x 1K x 4
2 1K x 1K x 8 or 1600 x 1200 x 4
3 1K x 1K x 12
4 1K x 1K x 16 or 1600 x 1200 x 8

VIDEO TIMING

Display formats and video timing parameters are user software programmable. For a format of 1024 x 768, on a
Mitsubishi 8912 monitor, using a 68 MHz crystal, the following timing parameters are programmed:

SIGNAL | VALUE

Active Video 15.06 pus

Horizontal Sync Frequency 44.27 KHz

Horizontal Sync Width 1.88 us

Vertical Sync Frequency 55.34 Hz

Vertical Sync Width 67.76 us

INPUT SIGNALS OUTPUT SIGNALS
Light-pen Enable Red Drive

Light-pen Strobe Blue Drive

Green Drive with composite sync. (Grey Scale Drive)

BUS INTERFACE

MULTIBUS

Data, address, and control lines conform to the Intel Multibus Specification No. 9800683 and the IEEE-796 Multibus
specification.

Command Input Port — Selectable on any I/0 address location 0000 — FFFF

METABUS (Special Applications)

The three 50-pin buses at the top of each board include: an ECL Video Bus, and Data and Timing Buses for direct
access to the refresh RAM. These buses are transparent to the user in normal mode application.

The Metabus can be used for special applications such as: larger color selection look-up RAM (16 million colors),
multidisplay/multiuser configurations (one VGM-1000 driving multiple RMB-1000’s for up to four different display
stations or users), high speed display RAM transparent load (12 nsec/pixel) without tying up the Multibus (used for
image dump using high resolution cameras), etc.

For large quantity (100 and up) OEM users, requiring these or similar hardware features, Matrox will design additional
custom Multibus boards or will supply all technical information required for the user’s own design (subject to certain
restrictions — consult the factory).

CONNECTORS

DESCRIPTION | MATING CONNECTOR

P1 : 86 pin edge connector, 0.156” centers — Multibus Interface COMPAR ESM-43-DSRI

J1 :10 pin right angle header, — R,G,B Video Output AMP 87922-1

J2 :10 pin right angle header, — Light Pen interface AMP 87922-1

J3 : 50 pin edge connector, 0.1 centers

J4 : 50 pin edge connector, 0.1’ centers } — Metabus Interface WINCHESTER 53-50-0

J5 : 50 pin edge connector, 0.1” centres (3 required)

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS
Width — 12.00 in. (30.48 cm) VGM-1000 — +5VDC +5% @ 4.5A  Operating Temperature: 0° — 50°C
Height — 6.75 in. (17.15 cm) RMB-1000 — +5V DC +5% @ 3.5A  Relative Humidity: 0 — 95% (non-condensing)

Depth — 0.50 in. (1.27 cm)
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ORDERING INFORMATION

The standard GXB-1000 consists of two Multibus boards; one VGM-1000 and one RMB-1000. The VGM-1000 board
includes the MIG-1 graphics interpreter firmware which executes all of the commands listed in this data sheet. The
RMB-1000 board contains 512K bytes of video memory organized as a 1024 x 1024 x 4 bit frame buffer.

GXB-1000 Complete two board graphics controller
RESOLUTION /REFRESH RATE AVAILABILITY
RESOLUTION
REFRESH 640 x 480 1024 x 768 | 1280 x 1024
25 Hz - X X
30 Hz — X X
50 Hz X X -
60 Hz X X -

Note 1: Since the 1280 x 1024 format exceeds the 1K x 1K memory stored on a single RMB, two RMB boards are
required for each four bit surface.
Note 2: For refresh rates or resolutions not covered by the above table (i.e. 1600 x 1200) please consult the factory.

OPTIONS
Video Memory
GXRMB-01 Adds a second refresh memory board (RMB-1000) for more video planes,
or a larger read /write area.
GXRMB-02 Adds two additional refresh memory boards.
GXRMB-03 Adds three additional refresh memory boards.
Monitors
MCM-1000L Adds a high resolution 19" RGB color monitor (supports all resolutions
except 1024 x 768 @ 50/60 Hz).
MCM-1014L Adds a high resolution 14’ RGB color monitor (supports all resolutions
except 1024 x 768 @ 50/60 Hz).
MCM-2000L Adds a high bandwidth high resolution 19" RGB color monitor (supports

1024 x 768 @ 50/60 Hz).

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no @
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

8088, 8086/87, Multibus Intel TM
Z-80A Zilog TM
VAX/VMS DECTM
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5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

VECTOR PLOT 512 x 512 COLOR GRAPHICS DISPLAY CONTROLLER FOR MULTIBUS

® 512 x 512 pixei resolution standard ® Works with any 8 or 16 bit Multibus* CPU

e 4 bits/pixel expandable to 16 bits/pixel e Add-on RGB-ALPHA board provides color

e Writing speed of 800ns/pixel piphanimetc aveliay

: e Add-on VAF-512 board adds:
¢ DMA access to video RAM — Real-time 512 x 512 frame grabber
e Light pen interface built-in — 16 million color look-up table

— Hardware vector generator
e Vector plot

e Hardware zoom, pan, scroll, and shift,
clear, overlay, clipping, video enable

The RGB-GRAPH is a member of Matrox’s complete line of modular Multibus* compatible color
video boards. By using the latest state of the art LSI and VLSI technology, the RGB-GRAPH pro-
vides an economical, self-contained solution for OEM color graphics applications requiring high
resolution, top performance, and low cost. The board contains advanced video features such as
hardware zoom, scroll, shift, pan, clipping, overlay, video masking, etc. which have previously been
available only on the most expensive graphics systems at a much higher cost.

Furthermore, the RGB-GRAPH can be combined with other Matrox color video boards such as the
color alphanumerics RGB-ALPHA and video processor board VAF-512 (containing real-time 512 x 512
frame grabber, color look-up tables, and a hardware vector generator). The OEM system designer
can now easily incorporate powerful tailor-made graphics into his system at a fraction of the cost of
a turn-key system.
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Figure 3. RGB-GRAPH block diagram




RGB-GRAPH FEATURES

Resolution:

Bits/Pixel:

Zoom:

Scroll:
Shift:

Pan:

Clipping:

Clear Display:

Preset Display:

Preset Mask:
Video Mask:

Overlay Video:

Video
Parameters:

Video Outputs:

Light Pen:
Vector Plot:

Display RAM:

X, Y Pixel
Address:

DMA Pixel
Address:

Double
Resolution:

Multibus*
Interface:

512 x 512 or 256 x 256 (special horizontal
interlace mode can support 1024 x 512 or
512 x 256)

1-4 bits/pixel, expandable to 16 bits/pixel
with additional RGB-GRAPH boards.

Independent X-zoom by 1,2,3,4,5,6,7,8
Y-zoom by 1, 2, 4

Zoom works on any segment of the 512 x

512 display

Up/down scroll (vertical) by multiple of
8 pixels

Left/right (horizontal) by single or multiple
dots

Scroll and shift can be combined for full
two dimensional pan inside the 512 x 512
area

4096 x 4096 addressable area with hard-
ware clip to 512 x 512 for read/write and
display

Memory hardware clear to zero (black). All
pixels cleared in one frame (33 msec.)

Memory hardware preset to value (color)
in data register. All pixels preset in one
frame (33 msec.)

Clear/Preset control of each bit plane by
Plane Mask

Video on/off control of each bit plane by
VIDEO MASK

One bit plane video can be combined with
the three others for video effects. Func-
tions available are AND, NAND, OR, X-OR

All video parameters including horizontal
and vertical syncs, blanking, frequency,
and display format are user software pro-
grammable to drive any direct or compos-
ite B/W or color CRT monitor

Direct TTL video (4), composite 75Q
R.G.B. color signals and 16-level grey
scale signals are available

Detects true light pen position within one
pixel accuracy. Interface built-in

X-Y registers are auto-increment/
decrement

Up to 128K byte on-board memory. CPU
can read/write with 400ns (min.) and 1.2 ps
(max.) access time/pixel. Memory looks
like 262,144 x 4 RAM (single RGB-GRAPH),
262,144 x 16 (four RGB-GRAPHSs)

Each pixel can be addressed via X, Y regis-
ters (12 bits each). Data registers contain
pixel color for read/write (I/O addressing)

262,144 x 4 (8, 12, 16) display RAM can be
accessed in 1K byte blocks (block address
in X, Y registers) in DMA mode for image
dumping (each pixel is one memory
address)

512 x 512 x 4 display can be switched to
1024 x 512 x 2 under software control by
combining two 512 x 512 x 1 planes. Effec-
tively doubles horizontal resolution

The RGB-GRAPH. Jooks to the user like
16 1/0 locations. All communications
including pixel read/write, video func-
tions, etc. are accomplished through 1/0
R/W (no DMA used). With DMA, 1K addi-
tional memory space is used.

Access Time:

Video Bus:

500ns (max.) for any I/0 port; 50ns (min.)
— 1.2 us (max.) for DMA

50 pin connector provides video inputs
and outputs for expanded performance us-
ing RGB-ALPHA, VAF-512 and additional
RGB-GRAPH boards

ADDITIONAL ADD-ON FEATURES

RGB-ALPHA
Alphanumerics:

RGB-GRAPH
16 Bits/Pixel:

VAF-512
Color Look-up:

Frame Grabber:

Color Frame
Grab:

External Sync:

Video Switcher:

Vector
Generator:

ACCESSORIES
CRT Monitors:

Light Pen:

Color alphanumeric displays can be added
by the RGB-ALPHA board (synchronized
to the RGB-GRAPH). Formats of up to 132
characters/line and up to 48 lines are user
software programmable

By connecting additional RGB-GRAPH
boards (max. 4) up to 16 bits/pixel can be
obtained (each RGB-GRAPH adds 4 bits/
pixel)

RAM video look-up table increases the
number of displayable colors to 224 =
16,772,216. CPU can read/write look-up
table

Real-time frame grabber digitizes TV
camera outputs with 4 or 8 bits/pixel reso-
lution. Spatial resolution is 512 x 512 or
512 x 256. Single frame grab or contin-
uous frame grab under software control

By connecting R.G.B. outputs from a TV
camera to the video switcher and grabbing
each channel separately, a color picture
can be digitized

Built-in phase-lock loop synchronizes the
RGB-GRAPH to an external composite
sync (serrated) for broadcast and mixing
applications

Four-input video switcher enables the
user to digitize four separate TV camera
inputs under software control

On-board hardware vector generator with
speed of 800ns/pixel. Vector length,
slope, and texture are user defined.

Matrox supplies a full line of 9" and 14"
monochrome monitors, as well as 12",
14’’, and 19"’ high resolution (.3 mm pitch)
color monitors for interlaced and non-
interlaced operations

High speed light pen (LP-600)

SOFTWARE SUPPORT

GRAS-80:

Library of high-level graphic primitives
(subroutines) including points, vectors,
arcs, circles, characters, zoom, scroll,
video effects, etc. is available (floppy
diskette) in CP/M format. Runs under any
Z-80 based CP/M system with the RGB-
GRAPH plugged in. Subroutines are ac-
cessible from Z-80 assembler or ‘C"".
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Figure 4. RGB-GRAPH functional blocks
FUNCTIONAL DESCRIPTION

The RGB-GRAPH is a very complex digital graphics system
on a single 6.5 x 12" PC board (figure 3). It consists of six
main functional blocks (figure 4): CRT Controller, Video
Generator, Display RAM, XY Registers, Timing and Control
Unit, and Multibus Interface.

The CRT Controller (CRTC) is a VLSI IC which provides all
video timing signals including horizontal and vertical sync
and blanking, display refresh RAM addresses, as well as
various other timing and control signals such as cursor,
light pen interface, etc. The CRT Controller is software
programmable allowing the user to program parameters
such as vertical refresh frequency, width and position of
horizontal and vertical sync pulses (important when using
non-standard CRT monitors), display resolution, etc. To the
Multibus CPU, the CRTC appears as an array of 18 regis-
ters which are indirectly addressed via two 1/0 ports.

The Display Refresh Memory is made up of 128K bytes of
on-board dynamic RAM (for 512 x 512 x 4 resolution) which
contains the binary picture information. Each pixel is identi-
fied by a unique address in the 262,144 address space (512
x 512). Each address contains 4 data bits which represent
the pixel color. The memory is organized as four independ-
ent “‘planes’, each containing one data bit (512 x 512 x 1).
The display memory can be expanded to 16 planes through
the combination of three additional RGB-GRAPH boards.

The CPU can read/write the display RAM in one of two
ways. In the XY mode the CPU loads the X and Y registers
with the pixel address and then reads/writes the pixel color
information through the Data Register. This mode is nor-
mally used when drawing graphics point by point. For high
speed read/write operations the CPU can access the
refresh memory in DMA mode. The display memory is acces-
sed in 1K byte blocks with the starting address of the
desired block loaded into the X and Y registers before exec-
uting DMA. This mode is usually used when transferring
complete images from/to mass storage devices (floppy,
Winchester, etc.) or for hard copies.

)

In addition to the CPU read/write, the display memory is
continually scanned by the CRTC every 16.66ms (60 Hz) to
generate video signals or, in the frame grabbing mode, to
load digitized TV camera images into memory at speeds of
over 100 Megabits/second. Memory access arbitration
circuitry on the RGB-GRAPH efficiently resolves any con-
tention problems between read/write requests and CRT
refresh requests in such a way that the display refresh is
“transparent’’ to the user.

The X-Y Registers are 12 bit up/down counter/latches with
associated logic containing the address of the pixel being
accessed by the graphics cursor (4096 x 4096 addressable
area) as shown in figure 5. The CPU can load the X and Y
Registers, through programmed |/0, with the pixel’s abso-
lute position. Two 8 bit ports are used for each Register. If
the contents of either the X or Y Registers exceed the max-
imum resolution (i.e X > 512, Y > 512) the Clip Circuit will
prevent CPU read/write.

1001

Figure 6. Vector Step Direction
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These digital video signals are then passed through double
density switches (used for multiplexing two planes to
enable the user to double the horizontal resolution, eg.
1024 x 512) and are gated by video mask bits which are
stored in the Video Mask Register. The user can, under
software control, switch on/off selectively any bit plane
enabling a variety of video effects such as animation, multi-
page displays, mixing, etc. Overlay logic combines the
fourth plane with the other three for various video effects.
By plugging the appropriate IC into the overlay socket, the
fourth plane can be NANDed (74LS00), ANDed (74LS08),
ORed (74LS32), or X-ORed (74L.S86) with the other three
planes. Video effects such as alphanumerics mixing, mul-
tiple windows, graphics cursor, etc. can be accomplished
through the use of the overlay feature.

After masking and overlay, the video signals are buffered by
high drive buffers (74LS374) with 3-state outputs which are
controlled by the video enable signal. The video signals are
then placed on the Matrox video bus as TTL video signals
(for use by a direct drive TV monitor). The video can
alternately be fed to the on-board D/A converter where a
composite sync signal is combined with the D/A output to
produce a 16 level composite grey scale video signal (759
impedance) to drive B/W monitors or hardcopy devices.
The TTL level video signals are also combined with a
composite sync signal through the composite video buffer
to provide composite R,G,B drivers. One of these outputs
(normally green) can be intensity controlled by a 2-bit D/A
converter connected to planes 2 and 3.

While operating in the frame grabbing mode, the video sig-
nals from a TV camera via the VAF-512 board are fed,
through a phase lock loop (synchronizes the RGB-GRAPH
timing to that of the external sync), to an 8-bit 10 MHz A/D
converter. This video signal is then serially input to the
4-bit shift register where it is converted to parallel form and
written to the display refresh memory. Note that this is
exactly opposite to the generation of video signals during
the read operation. Both the read and write video oper-
ations are synchronized so that the RGB-GRAPH can operate
in a continuous frame grabbing mode (write new pixel data
after previous pixel is read).

Various hardware video functions are performed in different
sections of the RGB-GRAPH board rather than at one
place. Video masking, overlay, D/A conversion, and double
density switching are performed in the Video Generator
section. Vector plotting and clipping are done through the
X, Y Registers, X-zoom, shift, screen clear, and selected
plane clear are done in the Timing and Control Unit, and
scroll, Y-zoom, user programmable video parameters and
light pen interface are handled by the CRT Controller chip.

The Timing and Control Unit generates signals for the
CRTC as well as all signals required by the display refresh
memory (figure 8). It consists of the main oscillator (X-TAL
= 10 MHz), variable modulo counters (divide by 1-8) which

I‘Dq 11.065MHz

are controlled by the X-zoom factor to produce the appro-
priate load and shift signals for the display and a divide by
16 counter which, with a timing PROM, generates a series
of timing signals for the memory refresh (RAS, CAS).

The Multibus* Interface contains the logic required to inter-
face the RGB-GRAPH to the Multibus*. The RGB-GRAPH
looks like 16 consecutive 8-bit wide 1/0 locations strapped
to any 16 address boundary. 8-bit (8085, Z-80A) or 12-bit
(8086) 1/0 addressing can be used. The CPU commu-
nicates with the RGB-GRAPH by reading or writing into
these 1/0 registers. The only exception is when the board
is used in DMA mode. Then the display memory looks to
the CPU like a 1K byte block of RAM (4, 8, 12 or 16 bits
wide for 1, 2, 3, or 4 RGB-GRAPH cards). The starting
address of the 1K byte block can be positioned anywhere in
the 20-bit address space.

DISPLAY SYSTEM CONFIGURATIONS

The Matrox family of advanced color graphics boards;
which include the RGB-GRAPH, RGB-ALPHA and VAF-512
offer the OEM system designer the unique capability to de-
sign a powerful optimal graphics system with equal or even
superior performance to turn-key graphics system, at a
lower cost. Futhermore, by using general purpose OEM
boards (from Matrox, Intel, NEC, or other suppliers), the
user can add CPUs (8 or 16 bit), memory, disk interfaces,
etc. Software support, in the form of a graphics primitives
library, which runs under CP/M DOS still further simplifies
design of the custom graphics systems. Hardware upgrade
capabilities enables adding extra display functions by sim-
ply plugging in additional boards (more bits/pixel, higher
speed, frame grabbing, etc.).

SINGLE BOARD DISPLAY SYSTEM

Using a single RGB-GRAPH board provides for a versatile
graphics system that can be used in many display appli-
cations from B/W to color.

BITS/ PART
RESOLUTION | PIXEL NUMBER APPLICATION

256 x 256 1 RGB-G/16/1 Non interlaced B/W
or color systems

256 x256 4 RGB-G/16/4 Grey scale or 16 color
display system

512 x 256 2 RGB-G/16/4 High res. B/W, one bit
for graphics and one bit
for alphanumerics

512 x 512 1 RGB-G/64/1 B/W display systems

512 x 512 4 RGB-G/64/4 Grey scale or 16 color
display system

1024 x 512 2 RGB-G/64/4 High res. B/W, one bit
for graphics and one bit
for alphanumerics

Table 1: Examples of display systems using single RGB-GRAPH
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ADDING MORE BITS/PIXEL

Up to four RGB-GRAPH boards can be synchronized to-
gether via the video bus (single 50 pin ribbon cable) for up
to 16 bits/pixel. Each RGB-GRAPH adds up to 4 bits/pixel.

ADDING ALPHANUMERICS

Alphanumerics can be added to the graphics in three ways.
The simplest way is to write alphanumerics, pixel by pixel,
from a table stored in RAM or ROM. This offers flexibility in
character size, color, position, and font but interferes with
the graphics display. The second way is to use one of the
bit planes on the RGB-GRAPH exclusively for alphanumer-
ics and overlay it with the graphics planes. The use of a
separate alphanumerics board (RGB-ALPHA) offers the

highest speed. RGB-GRAPH and RGB-ALPHA are synchro- .

nized via the video bus connector. The alphanumeric for-
mat (character/line x lines) is user programmable. Video
signals can be ORed (on the RGB-ALPHA) or mixed to-
gether via a color look-up table (on the VAF-512).

VAF-512

The addition of a VAF-512 board enables the RGB-GRAPH
system to digitize a real-time B/W or color video signal
from a TV camera or VCR with 4 or 8 bits/pixel. Also, a
high speed look-up table on the VAF-512 expands the num-

ber of displayable colors to over 16 million. The VAF-512
can also be used for video mixing, animation, etc. A high
speed hardware vector generator executes high level
graphics commands at 800ns/pixel. The VAF-512 is syn-
chronizedviathe video busand it works in 256 x 256, 512 x 256
and 512 x 512 resolution.
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For high speed relative drawings, the vector plot feature
can be used. By writing into the Vector Register the draw
ing direction (4 bits), the X and Y Registers are automati-
cally incremented/decremented (figure 6).

The vector plot can be interfaced with the hardware vector
generator contained on the VAF-512 board. The VAF vector
generator generates + AX, + AY increment/decrement
pulses when drawing vectors, circles, etc. at the speed of
800ns/pixel. The vector plot function can also be used for
drawing pictures without tying up the system bus in multi-
processor applications by connecting the + AX, + AY
inputs to the |/0 ports of the CPU board.

The X, Y Registers are also used in the DMA mode for auto-
incrementing the RAM address within the 1K byte DMA

block. -
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VIDEO CLOCK (SHIFT PIXELS)

LOAD FOUR PIXELS
TIMES FOUR PLANES

The Video Generator performs three basic functions: con-
version of digital data from the refresh RAM into the proper
video signals to drive B/W and color monitors, conversion
of digital video data from a frame grabber into a format
required to write the data into the reresh RAM at video
speeds, and the performance of various other video proc-
essing functions in hardware (zoom, scroll, overlay, clip-
ping, video masking, doubling the horizontal resolution,
etc.). The Video Generator is shown in figure 7.

Data is read from the display RAM as 4 consecutive pixels
at one time for each plane (for refresh each plane looks like
512 rows x 128 strings/row x 4 1-bit pixels/string). This
4 pixel datais loaded into a shift register and then shifted out
at the video clock speed (10MHz for 512 x 512 resolution)
to produce a serial TTL signal for each plane (four in total).

Grey Scale
Comp. Video (75 )

N

A
&, 3
P-4
x 1 Comp. Sync
LU
° PARALLEL/SERIAL
COUNTERS
Y
[4
BIT PLANE 2 A ¢
512 x (128x4) 4 8ITOUT Comp. Sync
Double Density oietnd
Switch ano
o
4BITIN . e ew
A ps
“ I /L.\‘ 0]
e
L/ -

va—52| VL

VIDEOQ
SWITCHER

Figure 7. RGB-GRAPH Video Generator

Video

Enable

1-21




SPECIFICATIONS

FUNCTIONAL

MEMORY ACCESS TIME

CRTC Data, CRTC Address, CRTC Status, and Vector Register access time is fixed at 500ns.

Access time to all other locations (including DMA) varies from 50ns to 1.2 us for boards using 64K parts (see
ORDERING INFORMATION), and from 50ns to 2.4 us for boards using 16K parts. Average access time for 64K boards is
approximately 800ns, and for 16K boards is about 1600ns.

DISPLAY PARAMETERS

RESOLUTION | RAM TYPE
256X 256 x 4 16K

512x 256 X 2 16K

512 x 512 x 4 64K

1024 x 512 x 2 64K
VIDEO TIMING

For a display format of 512 horizontal dots x 512 vertical dots on a monitor with a 51.2us active video time a 10.000 MHz
crystal is used. The following table gives the timing in both American and European standards.

SIGNAL | AMERICAN EUROPEAN

Active Video 51.2 us 51.2 us

Horizontal Sync Frequency 15.82 KHz 15.82 KHz

Horizontal Sync Width 4.80 pus 4.80 pus

Vertical Sync Frequency 62.2 Hz 51.2 Hz

Vertical Sync Width 189.6 us 189.6 us

INPUT SIGNALS OUTPUT SIGNALS

Light-pen Enable TTL Level Video: TTL level Red Analog Video: Red

Lignt-pen Strobe TTL level Green0 Green (composite)
TTL level Green1 Blue
TTL level Blue Grey Scale (composite)

Vertical Drive
Horizontal Drive

BUS INTERFACE

Address, data and control signals conform to Intel Multibus Specification No. 9800683
Command and Status Registers — Selectable on 16 byte |/0 address boundaries 000 — FFF (0AOH)
Display Refresh Memory (DMA only) — Selectable on 1K byte memory address boundaries 0000-FFFFF (07CO0H)

'CONNECTORS

DESCRIPTION | MATING CONNECTOR

P1 : 86 pin edge connector, 0.156’’ centers, Multibus interface COMPAR ESM-43-DSRI

J1 :10 pin right angle header, Analog video outputs AMP 87922-1

J2 :10 pin right angle header, TTL video outputs AMP 87922-1

J3 : 50 pin right angle header, Matrox video bus Molex 15-25-4505

J4 :10 pin right angle header, Light pen interface AMP 87922-1

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS
Width — 12.00 in. (30.48 cm) 64K — +5V DC +5% @ 2.25A  Operating Temperature: 0%C to 55%C
Height — 6.75 in. (17.15cm) 16K — +£5VDC +5% @ 1.80A  Relative Humidity: 0° to 95° non-condensing
Depth — 0.50 in. (1.27cm) +12V DC +5% @ 128mA

—12V DC +5% @ 30mA

ORDERING INFORMATION
RGB-G/XX /X

Number of bits per pixel (1/4)
Type of RAM (16/64)

Example: RGB-G/64/4: 512 x 512 color graphics controller with four bit planes

Note: The RGB-GRAPH should be ordered in exact configurations. User field upgrades (different resolutions, more
bits/pixel) are not recommended as these require straps and PROM.

Software Support:
GRAS-80: CP/M compatible graphics primitives library

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

CP/M, CP/M-86 Digital Research TM
Multibus, 8086 Intel TM
Z-80, Z-80A Zilog TM

1-22




@ mcﬂotn'kotgxncmt itd. VAF_512

5800 ANDOVER AVE., TM.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

RGB-GRAPH VIDEO INPUT/OUTPUT PROCESSOR FOR MULTIBUS

® Real Time Video Frame Grabber e Hardware Vector Generator

— 4 or8DbitA/D — High speed line drawing (800ns/pixel)

— 4 input video switch — Length, slope, and texture control
— Programmable clamping and gain

— Internal/external, block/serrated sync ® Multibus* Compatible

— Phase locked loop for Genlock e Works With RGB-GRAPH Board

e Color Look-Up Table (RAM) - ibili
— 10 input lines/24 output lines e RGB-ALPHA Overlay Compatibility
— Three 8 bit D/A converters (R, G, B) e American/European Operation
— 16 million color palette
— Blink and overlay control

The VAF-512 is a video |/0 processor board designed to extend the performance of the Matrox
RGB-GRAPH video controller. The VAF-512 has three main subsections: a real time video digitizer
(frame grabber), a color look-up table, and a high speed vector generator. The video A/D converter
provides real time grey scale digitizing, of a camera, videodisk, or VCR signal (4 or 8 bits/pixel),
into one or two RGB-GRAPH frame buffers. The color look-up table provides a palette of over
16 million output shades and colors. The look-up table can accommodate one or two RGB-GRAPH
boards and an RGB-ALPHA. The on-board vector generator provides high speed line drawings
(800ns/pixel). The length, slope, and texture of the displayed lines are all software controlled.

The VAF-512 plugs into any standard Multibus backplane and interfaces to the RGB-GRAPH/
RGB-ALPHA via a single 50-pin ribbon cable. The board can be used with both 8 and 16 bit CPUs
and will operate in either American or European standard systems.
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APRIL 1982 MATROX products covered by Canadian and foreign patent and/or patent pending.
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VAF-512 FEATURES

FRAME GRABBER

High Speed A/D
Converter:

4 Input Video
Switch:

Color Frame
Grabbing:

Software
Controlled Gain
and Offset:

Programmable
Sync:

The VAF-512 contains an on-board 10
MHz A/D converter for real-time frame
grabbing applications. Images can be digi-
tized to either 4 or 8 bits/pixel.

Up to four different analog video inputs
can be accepted by the VAF-512. Each
video source can be individually selected
for frame grabbing under software control.

By connecting the R, G, B outputs from a
color video camera to separate inputs on
the video switcher, and then grabbing
each channel separately, a color picture
can be digitized.

The VAF-512 Frame Grabber enables the
user to introduce a software program-
mable gain and/or offset to the input
video signal. This feature enables the user
to concentrate the digitizing operation on
that part of the input signal which con-
tains most of the video information — ef-
fectively increasing the contrast.

Under software control the VAF-512 can
be programmed to lock to either block or
serrated sync. Sync signals can be gener-
ated on-board, or stripped from the input
video signal for broadcast and video mix-
ing applications.

VECTOR GENERATOR

High Speed Line
Drawings:

Vector Texture
Control:

Vectors can be drawn to the graphics dis-
play, via the VAF-512 hardware Vector
Generator, at speeds that are 20 to 40
times faster than conventional software
vector generation techniques.

The texture of the displayed vectors
(dotted, dashed, solid, etc.) can be pro-
grammed by the user through an on-board

8 bit Texture Register. Up to 512 different
texture patterns can be defined.

COLOR LOOK-UP TABLE

Programmable
Colors:

Overlay:

Blink:

MULTIBUS
INTERFACE

ACCESS TIME:

VIDEO BUS:

The VAF-512 Color Look-Up Table allows
the user to select the available display col-
ors from over 16 million possible shades.
Up to 16 colors can be displayed with sys-
tems using one RGB-GRAPH board, and
256 colors can be displayed using two
RGB-GRAPH boards.

Alphanumeric characters (from the RGB-
ALPHA) can be overlayed on the graphics
display through the Color Look-Up Table.
When characters are to be overlayed on
the display, the 4 bits from the RGB-
ALPHA board will replace the four most
significant graphics bits on the look-up
table address lines.

The graphics display can be set to blink
between any of the available display col-
ors. The VAF-512 can also be programmed
to blink only the overlayed alphanumeric
characters. The blink frequency can be
software selected for 1.8 Hz or 3.75 Hz.

The VAF-512 looks to the user like 12 con-
secutive I /0 locations. All commu-
nications between the host CPU and the
VAF-512 (including read/write operations
to the Color Look-Up Table) are accom-
plished via I/0 read/write.

Time from CMD/ to XACK/ for all regis-
ters is fixed at 200ns.

A 50 pin connector provides all the video
input and output lines required to inter-
face the VAF-512 with up to two RGB-
GRAPH boards and one RGB-ALPHA
board.

1-24




EXTERNAL

/l MATROX VIDEO BUS

ANALOG
VIDEO
N OUTPUTS

(- -——FAR-—————- | e AL - — - N
| 1] || == |
| —_— = —tho e — —— 4 |
l | VECTOR K | |
| | GENERATOR | |
| 4 INPUT 4/8 BIT | (J"—— 8 BIT [

;) VIDEO A/D | D/ACONVERTER
| SWITCHER CONVERTER | | (x3) |
| T I | s |
sT
: e | Riciiren | “(“E |
3

| D SEhararon | I | *3) |

| kv LENGIH_] [rextune ] | |
| U | REGISTER REGISTER [ |
I PHASE- {T FJ |
| o,\o LOEO;OCK__J | | - |
| Bl i | o

STATUS 3 3
| ‘ﬁ' : ‘E[ REGISTER ] [2%%-5%5& ]——J ‘l TABLE :
ON-BOARD
| Sine Cabser | I |
| NERATOR oL _ _ Vecior|[eemerator  __ _\_ _ _| |\ . _ _ _ __ _]
|
P L
MULTIBUS INTERFACE
— L/L — @ayw VAF-512

< MULTIBUS >

Figure 2. VAF-512 functional blocks
FUNCTIONAL DESCRIPTION

The VAF-512 has been designed to complement the oper-
ation of Matrox’s RGB-GRAPH/RGB-ALPHA family of color
video controllers. The VAF-512 comprises three independ-
ent operational sections (figure 2) contained on a single
Multibus compatible PC board.

The on-board Hardware Vector Generator provides an
efficient means of drawing vectors to the RGB-GRAPH dis-
play memory. Three parameters are required to specify a
line draw operation; length, slope, and texture. The 10 bit
Length Register stores the length of the larger of the two
components (AX, AY). This permits vectors of up to 1024
pixels to be drawn with a single software Write command. A
10 bit Slope Register stores, with single pixel precision, the
tan6 where 6 is an angle between 0° and 45°. Three bits in
the Start Register define the proper octant. The Vector
Generator circuit calculates the AX and AY addressing, as
required by the RGB-GRAPH, on a pixel by pixel basis until
the full vector has been drawn. A Busy Flag in the Status
Register is used to indicate completion.

/ im

101

Figure 3. Determining vector length and slope parameters

The texture ofthe displayed vectoris stored in an 8 bit Texture
Register. The contents of the Texture Register define an
8 bit repeating pattern of pixel information (figure 4). In this
way solid, dotted, dashed, and hidden vectors can be
drawn. Note that the Data Register on the RGB-GRAPH
board is used to set the color of the vector.

The hardware Vector Generator operates with a drawing
speed of 800ns/pixel. This represents an increase of about
20 to 40 times the conventional drawing speeds acheived
by software vector generation.

The VAF-512 Frame Grabber enables the user to digitize a
frame of video information (from an external video camera,
VCR or videodisk), with either 4 or 8 bits per pixel, and
store that frame in the RGB-GRAPH display memory (512 x
512 x 4 bits per GRAPH board). Using commands issued by
the RGB-GRAPH, this frame grabbing operation can be
continuous (RGB-GRAPH will display a continually updated
or “live’” picture) or one shot, effectively ‘‘freezing’’ the ac-

eloaxi 2oyl
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tion. Up to four video cameras can be interfaced to the
VAF-512 through an on-board four input video switcher
which permits software selection between the four video

sources.

GAIN CONTROL

Incorporated into the design of the frame grabber is a
Phase-Lock Loop circuit (PLL). The PLL uses the sync
signal stripped from the input video signal as a reference
frequency to which it synchronizes the rest of the system
(RGB-GRAPH/RGB-ALPHA). If required, an on-board sync
generator (strappable for American EIA or European CCIR
standard sync) can be software-selected to act as a master
sync source for both the video display boards and the
video source. The PLL can also be programmed to accept
either block or serrated sync.

The VAF-512’s frame grabber provides software control
over the gain of the input signal. This feature, together with a
software-variable voltage offset (clamping level) on the input,
allows the user to take advantage of the full digitizing
range of the A/D converter for a given input signal ampli-
tude. This technique can be used to concentrate the oper-
ation of the A/D converter on that part of the input signal
that contains the most video information, in effect increasing
the contrast of the image. There are sixteen different levels
of gain and sixteen different levels of offset.

The VAF-512 Color Look-Up Table is made up of three 1K x
8 RAM look-up tables (one for each primary color: red,
green, and blue), each of which are divided into four 256
byte sections: Normal, Overlay, Blink, and Blink And Over-
lay. These Color Look-Up Tables provide the RGB-GRAPH
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Figure 6. Frame Grabber
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with a color palette of over 16 million colors. To display a MATROX VIDEO BUS
desired color at a certain pixel location, the user simply
loads that color’s look-up table address into the RGB- The VAF-512 is interfaced to the RGB-GRAPH and RGB-
GRAPH display memory location corresponding to the pixel ALPHA boards by way of a 50-pin Matrox Video Bus. Digi-
position. The contents of the look-up table can be changed tized video data as well as X and Y increment/decrement
at any time. A single RGB-GRAPH board (4 bits) can strobes are bussed from the VAF-512 to the RGB-GRAPH.
address 16 different locations in the look-up table. Two The Video Bus also carries the 4 TTL video bits from each
RGB-GRAPH boards (8 bits) can address up to 256 loca- of the RGB-GRAPHs and the RGB-ALPHA boards for color
tions in the look-up table. Additionally, the Color Look-Up look-up on the VAF-512.
Table is sectored into four 256 byte blocks (figure 5) in
order to allow separate color mappings for overlayed BUS INTERFACE
alphanumerics and for blinking. The blink rate is software
selectable to be either 1.8 Hz or 3.75 Hz. The VAF-512 plugs directly into the Multibus and works
with both 8 and 16 bit processors using byte wide data
When an RGB-ALPHA is interfaced to the VAF-512 the four transfers. The twelve Command and Status Registers are
bits from the alpha board replace 4 of the 8 graphic bits in positioned on any 16 byte |/O address boundary between
addressing the Color Look-Up Table. When at least one of 0000H and FFFFH.
these bits is high (alphanumeric data is to be displayed)
access to the look-up table is shifted to the Overlay section PROGRAMMING
which contains its own color map. As a result, alphanu-
meric text from the RGB-ALPHA can be superimposed The VAF-512 is programmed via twelve on-board |/0 regis-
(overlayed) on the graphics background. The user can also ters. On power-up or reset all control registers must be
program the VAF-512 to blink the alphanumeric characters loaded with the VAF-512's operational parameters (table 1).
between the colors defined in the Overlay and Overlay And
Blink sections of the look-up table (similiar to blinking
graphics pixels between the Normal and Blinking sections).
This method of generating blinking characters is very flex-
ible as it allows characters to blink to colors other than
their background color.
REGISTER ADDRESS DEFINITION
ADDRESS REGISTER LOW BASE + 0 | Lower 8 bits of look-up table address
ADDRESS REGISTER HIGH BASE + 1 2 most significant bits of look-up table address
GAIN/OFFSET REGISTER BASE + 2 Select gain/Select offset
MODE REGISTER BASE + 3 | Select input video to frame grabber/Enable on-board sync .
generator/Select block sync/Enable overlay/Select blink
frequency/Enable blink
VECTOR SLOPE REGISTER BASE + 4 Lower 8 bits of vector slope
X-Y LENGTH REGISTER BASE + 5 Lower 8 bits of vector length
TEXTURE REGISTER BASE + 6 | Texture pattern
START REGISTER BASE + 7 2 most significant bits of vector slope/Complement Texture
Register/vector slope << 45/vector quadrant/2 most significant bits
of vector length
RED DATA PORT BASE + 8 | Read/write port to Red look-up table
BLUE DATA PORT BASE + 9 Read/write port to Blue look-up table
GREEN DATA PORT BASE + A | Read/write port to Green look-up table
STATUS REGISTER BASE + B | Vector generator status (BUSY)

Table 1. Register Definitions
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DISPLAY SYSTEM CONFIGURATIONS

The Matrox family of advanced color video boards, which in-
clude the VAF-512, RGB-GRAPH, and RGB-ALPHA, offer
the OEM system designer a unique capability to design a
powerful optimal graphics system with the equal or even su-
perior performance of a turn-key graphics system — at a
lower cost. Furthermore, by using general purpose OEM
boards (from Matrox, Intel, NEC, or other suppliers), the
user can add CPUs (8 or 16 bit), memory, disk interfaces,
etc. to configure his system to his exact requirements. Soft-
ware support, in the form of a graphics primitive library
which runs under CP/M DOS, further simplifies design of
custom video systems. Hardware upward capability enables
adding extra display functions by simply plugging in addi-
tional boards (more bits/pixel, higher speed, alphanumeric
overlay, etc).

4 BIT/PIXEL IMAGING SYSTEM

Combining the VAF-512 with a single RGB-GRAPH (figure
8) yields a video imaging system using 4 bits/pixel. Whole
frames of video picture information with up to 16 color or
grey levels can be digitized and stored in the display
memory of the RGB-GRAPH.

8 BIT/PIXEL IMAGING SYSTEM

Adding another RGB-GRAPH graphics controller to the sys-
tem (figure 9) doubles the number of bit planes to eight.
This enables the system to store and display images with a
resolution of 512 x 512 dots using up to 256 colors or grey
levels.

An alphanumerics overlay can also be added to the graph-
ics display by plugging in an RGB-ALPHA alphanumerics
controller to the system.
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Figure 9. 512 x 512 x 8 video imaging system with alphanumerics overlay
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SPECIFICATIONS

FUNCTIONAL
OPERATIONAL PARAMETERS

VECTOR GENERATOR
DESCRIPTION RESTRICTIONS

Drawing Speed 800ns/pixel (512 x 512 resolution)
Vector Texture 512 texture patterns (software selectable)

FRAME GRABBER

DESCRIPTION RESTRICTIONS

Spatial Resolution 512 x 512 max.

Video Inputs 4 analog video inputs (software switchable)

Sync Internal/external, block/serrated (software selectable)

Bits/pixel 4 or 8 bits

Offset 16 increments form Black level to nominal mid-range (software selectable)
Gain 16 increments from 0.7 to 1.9 of nominal (software selectable)

COLOR LOOK-UP TABLE

DESCRIPTION RESTRICTIONS

Palette Size 2* = 16,777,216 colors

Addressable Colors 16 colors (1 x RGB-GRAPH)/256 colors (2 x RGB-GRAPH)
Blink Rate 1.8 Hz/3.75 Hz (software selectable)

INPUT SIGNALS

ANALOG INPUTS: Camera0 TTL LEVEL INPUTS: 4/8 graphics bits
Camera 1 4 overlays bits
Camera 2 HSYNC/
Camera 3 ‘ BUSY/

OUTPUT SIGNALS

ANALOG OUTPUTS: Composite Video (RED) TTL LEVEL OUTPUTS: 8 Video bits
Composite Video (BLUE) System Clock
Composite Video (GREEN) + AX, £ AY

V. Reset

BUS INTERFACE

Address, data, and control signals conform to Intel Multibus Specification No. 9800683
Command and Status Register — Selectable on any 16 byte I/0 address boundaries 0000 — FFFFH (0060H).

CONNECTORS

DESCRIPTION | MATING CONNECTOR

P1: 86 pin edge connector, 0.156"" centers — Mulitibus Interface COMAR ESM-43-DSRI

J1: 10 pin right angle header — Composite Video Ouptut | AMP 87922-1

J2: 10 pin right angle header — Analog Video Input AMP 87922-1

J3: 50 pin right angle header — Matrox Video Bus MOLEX 15-25-4505

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

WIDTH: 12.00 in. (30.48 cm) +5VDC +5% @ 3.2A Operating Temperature: 0°C to 55°C
HEIGHT: 6.75in. (17.15 cm) +12VDC +5% @ 120mA Relative Humidity: 0% to 90% non-condensing
DEPTH: 0.50in.( 1.27 cm) —12V DC +5% @ 0.95A (VAF-512/8)

—12V DC +5% @ 0.55A (VAF-512/4)
ORDERING INFORMATION

VAF-512 / X — )_(li
AS — American standard (60 Hz)
ES — European standard (50 Hz)

Number of bits per pixel (4/8)

Example: VAF-512/8-AS: American standard board with an 8 bit/pixel A/D converter (frame grabber).
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Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

Multibus_ Intel TM
CP/M Digital Research TM
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(avw) !E&!nﬁ?,:f..m, Ita. RGB-ALPHA

5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

PROGRAMMABLE COLOR ALPHANUMERIC DISPLAY CONTROLLER FOR MULTIBUS

e User Programmed Display Format e Multibus* Compatible

® Up to 4000 Characters e Keyboard Interface

e 8 Display Colors e Light Pen Interface

® Blink e RAM and EPROM Character Generator
e Double Height Characters e Transparent Memory

e Underline e 50 or 60 Hz Operation

e Addressable Cursor e Drives any RGB Color Monitor

The RGB-ALPHA is a Multibus* compatible, color video display controller card which allows the display
(characters/line x lines/page) and character formats (56 x 7, 7 x 9 etc.) to be set by programmed
I/0 commands. Each character is displayed in 1 of 8 foreground colors on 1 of 8 background colors.
Characters may be either single or double height and either normal, blinking at 2 Hz or underlined.

The character font provided with the RGB-ALPHA contains 128 - 5 x 7 dot upper/lower case
alphanumeric characters and graphics symbols. By adding a second character generator
ROM/RAM, 128 additional symbols may be defined. When using a RAM character generator, the
character font may be rewritten at any time by the system processor.

The RGB-ALPHA works with all monochrome and color (RGB) video monitors in Europe (50 Hz)
and America (60 Hz). Interfaces for a high-speed light pen and an 8-bit parallel keyboard are also
provided.
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Figure 1. RGB-ALPHA block diagram

FUNCTIONAL DESCRIPTION
The block diagram, Figure 1, shows the major functional components of the RGB-ALPHA.

CRT CONTROLLER

In the design of the RGB-ALPHA, the 6845 CRT controller replaces many of the SSI/MSI components used in older
designs and provides the RGB-ALPHA with features previously found only in the most expensive equipment. All display
parameters are now user specified and displays can be configured to have virtually any combination of rows and
columns up to a maximum of 4000 characters. In addition, the character cell size is variable and accomodates all
commonly used character font sizes (5 x 7, 7 x 9, etc.).

DISPLAY MEMORY

Each character position on the CRT screen corresponds to a pair of locations in the display refresh memory. The display
refresh memory, 8K bytes in total, occupies 1K, 2K, 4K or 8K of system address space depending on the display size.
The processor can read or write the display memory at full speed using all memory reference instructions (ta<<1052ns).
All accesses to the memory are ‘‘transparent’”. The processor can read or write the refresh memory at any time, and
the display is free of “‘glitches’’.

When a character is to be displayed, its character Code and Attribute Code are written into the appropriate display

memory locations. The display is “scrolled” up or down by rewriting the contents of the Display Start Address Register.
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Figure 2. RGB-ALPHA display parameters




As supplied, the Character and Attribute Memories are mapped into 4K bytes of system address space and are
enabled/disabled through programmed |/O commands. Two other operating modes are provided (Auto-Attribute Mode
and Unified Memory Mode). When operating in the Auto-Attribute Mode, the Attribute Code is latched in the Attribute
Register and is automatically written into Attribute Memory each time a Character Code is written into Character
Memory. When operating in the Unified Memory Mode, all of the display refresh memory stores Character Codes. Only
1 attribute is permitted. All of the 8000 characters can be viewed by *‘scrolling” the display up or down.

CHARACTER GENERATOR

Two 24-pin DIP sockets accept up to 4K bytes of ROM/EPROM/RAM thereby permitting up to 256 different characters
and symbols to be defined. When using a RAM character generator, the character font may be rewritten at any time by
the processor. Read/write access to the character generator is enabled/disabled through programmed 1/0
commands.

As supplied, the RGB-ALPHA contains the Matrox MCH-01 character generator ROM (128 - 5 x 7 dot upper/lower case
alphanumeric characters and graphic symbols). Other devices that may be used include TMS2516 (EPROM) and
TMS4016 (RAM). Note that ta < 450ns for displays having up to 80 characters/line and ta<< 350ns for displays having
up to 132 characters/line.

ATTRIBUTES

Each character can be specified to be 1 of 8 foreground colors on 1 of 8 background colors. On an RGB monitor, the
displayed colors are red, green, blue, cyan, magenta, yellow, black, and white. Characters may be either single or
double height with character foreground and/or background normal or blinking at 2 Hz. Additionally, characters may
be underlined or hidden (stored in display memory but not displayed).

CURSOR

An independently addressable cursor is provided. The Cursor Start and End Registers specify the scan lines in a char-
acter cell that are inverted to produce the cursor symbol. The position of the cursor on the screen is determined by the
contents of the Cursor Register. The cursor blink rate is set to either 2 or 4 Hz.

LIGHT PEN

User-display interaction is possible through the use of a high-speed light pen. When the user points the pen at an
iluminated spot on the CRT screen, the CRT loads the screen coordinates in to the Light Pen Register. The pen
position may then be read by the processor. Note that the light pen can be used only with monitors having short
persistence phosphors.

KEYBOARD INTERFACE
An 8-bit parallel keyboard interface is also provided. When a key is pressed, an interrupt is generated. The processor
can read the keyboard data from the Keyboard Data Register.

MATROX VIDEO BUS
The RGB-ALPHA may be “‘slaved’’ to the RGB-GRAPH color graphic display controller card to provide a high-resolution

graphics system with color alphanumeric overlay. All video and sync. signals required to ‘‘slave’” the cards are bussed
over the MATROX VIDEO BUS.

BUS INTERFACE

The RGB-ALPHA plugs directly into the Multibus* and works with both 8-bit and 16-bit processors using byte wide data
transfers. The seven Command and Status Registers are positioned on any 8 byte 1/0 address boundary between 000+
and FFFH. The Display Refresh Memory is positioned on any 4K memory address boundary between 00000+ and
FFFFFH.

VIDEO GENERATOR
All monochrome and RGB color video monitors work with the RGB-ALPHA. Red, Green, Blue TTL level and analog
video, H. Drive, V. Drive, and composite B/W video signals are provided.

GRAPHICS

The RGB-ALPHA is ideal for producing character oriented graphics having a maximum resolution of 640H x 480V (inter-
laced) or 1024H x 240V (non-interlaced). An image is built up from graphic symbols written into the character generator
RAM. Images are changed at high speed by rewritting the contents of the display memory and character generator.

PROGRAMMING
On power-up, all display control registers must be set, the display memory cleared and the character generator RAM, if
used, loaded with the character font.

REGISTER ADDRESS | DESCRIPTION

CRTC ADDRESS BASE + 0 | Select CRTC Register

CRTC DATA BASE + 1 | CRTC Data

CONTROL 1 BASE + 2 | Enable Video Ouptut/Select Character Cell Width/Select Dot Clock Frequency
CONTROL 2 BASE + 3 | Enable Attributes/Enable Memory read/write

AUTO ATTRIBUTE BASE + 4 | Character Attributes

NOT USED BASE + 5 | —

KEYBOARD BASE + 6 | Keyboard Data

FLAG BASE + 7 | Keyboard Status

Table 1. Register definitions
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SPECIFICATIONS

FUNCTIONAL

MEMORY ACCESS TIME

Display memory access time varies from access to access depending on when the access occurs with respect to the
display refresh cycle: the worst case access time depends on the number of horizontal dots per charcter cell

(see table). The best case access time is 315ns, and the average access time approaches 450ns as formats become
less dense.

HORIZONTAL DOTS/CELLS 6 7 8 9 10 11

Worst case time from
MWTC/ or MRDC/ to XACK/

870ns 1050ns 1130ns 1220ns 960ns 1050ns

DISPLAY PARAMETERS

DESCRIPTION | RESTRICTION

Resolution 4000 characters max.

Horizontal Characters 132 characters max.

Vertical Lines 48 lines max. (American Standard), 52 lines max. (European Standard)
Character Cell Size 6, 7,8,9,10 or 11 horizontal dots (special 16 dot cell can be strap-selected)
VIDEO TIMING

For a display format of 80 characters by 24 lines with 5 x 7 dot characters within a 7 x 10 dot character cell an
11.667 MHz crystal is used. The following table gives the timing in both American and European standards.

SIGNAL | AMERICAN | EUROPEAN

Active Video 48 us 48 us

Horizontal Sync Frequency 15.723 KHz 15.576 KHz

Horizontal Sync Width 4.80 us 5.40 ps

Vertical Sync Frequency 60.01 Hz 49.92 Hz

Vertical Sync Width 190.8 us 256.8 s

INPUT SIGNALS OUTPUT SIGNALS

Light Pen: Light-pen Enable TTL Level Video: TTL level Red Analog Video: Red
Light-pen Strobe TTL level Green Green (composite)

TTL level Blue Blue

Keyboard: Keyboard Data Vertical Drive Grey Scale (composite)

Keyboard Strobe Horizontal Drive

BUS INTERFACE

Address, data and control signals conform to Intel Multibus Specifications No. 9800683.
Command and Status Registers — Selectable on 8 byte I/0 address boundaries 000 - FFF (098H).

Display Refresh Memory — Selectable on 4K byte memory address boundaries 00000 - FFFFF (07000H).
Keyboard Interrupt — Selectable for INTR0O/ — INTR7/ (uncommitted).

CONNECTORS

DESCRIPTION | MATING CONNECTOR
P1: 86 pin edge connector, 0.156'" centers — Multibus Interface COMPAR ESM-43-DSRI
J1: 10 pin right angle header — Analog Video Outputs AMP 87922-1

J2: 10 pin right angle header — TTL Video Outputs AMP 87922-1

J3: 50 pin right angle header — Matrox Video Bus Molex 15-25-4504

J4: 26 pin right angle header — Keyboard and Lightpen Interface Molex 15-25-5103
PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS
Width — 12.00 in. (30.48cm) +5V DC +5% @2A Operating Temperature: O°C to 55°C
Height — 6.75in. (17.15cm) Relative Humidity: 0% to 95% non-condensing

Depth — 0.50in. ( 1.27cm)
ORDERING INFORMATION

RGB-ALPHA : Color alphanumeric display controller for stand alone operation
RGB-ALPHA-SL : Color alphanumeric display controller for operation with RGB-GRAPH
X-TAL : 10.0000 MHz

X-TAL . 11.6666 MHz} Optional crystals for special display format requirements

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

CP/M Digital Research TM
Multibus Intel T™M
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5800 ANDOVER AVE., TM.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

electronic systams Itd.

BW-ALPHA

PROGRAMMABLE B/W ALPHANUMERIC DISPLAY CONTROLLER FOR MULTIBUS

e User Programmed Display Format
e Up to 4000 Characters on screen
e Blink

® Inverse Video

e Underline

e Double Height Characters

e Addressable Cursor

underline, and foreground disable.

.
.
.
.
.
.
.
.
-

e Multibus* Compatible

e Keyboard Interface

® Light Pen Interface

® RAM and EPROM Character Generators
® Transparent Memory

® 50 or 60 Hz Operation

The BW-ALPHA is a Multibus® compatible, video display controller card which allows the display
(characters/line x lines/page) and character formats (5 x 7, 7 x 9, etc.) to be set by programmed
|/0 commands. Available attributes include: blink, inverse video, double height characters,

The character font provided with the BW-ALPHA contains 128 - 5 x 7 dot upper/lower case
alphanumeric characters and graphics symbols. By adding a second character generator
ROM/RAM, 128 additional symbols may be defined. When using a RAM character generator, the
character font may be rewritten at any time by the system processor.

The BW-ALPHA works with all monochrome video monitors in Europe (50 Hz) and America (60 Hz).
Interfaces for a high-speed light pen and an 8-bit parallel keyboard are also provided.
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Figure 1. BW-ALPHA block diagram

FUNCTIONAL DESCRIPTION
The block diagram, Figure 1, shows the major functional components of the BW-ALPHA.

CRT CONTROLLER

In the design of the BW-ALPHA, the 6845 CRT controlier replaces many of the SSI/MSI components used in older
designs and provides the BW-ALPHA with features previously found only in the most expensive equipment. All display
parameters are now user specified and displays can be configured to have virtually any combination of rows and columns
up to a maximum of 4000 characters. In addition, the character cell size is variable and accommodates all commonly
used character font sizes (6 x 7, 7 x 9, etc.).

DISPLAY MEMORY

Each character position on the CRT screen corresponds to an 8-bit location in the display refresh memory. The display
refresh memory, 4K bytes in total, occupies 1K, 2K, 4K of system address space depending on the display size. The
processor can read or write the display memory at full speed using all memory reference instructions (ta<<1052ns). All
accesses to the memory are “‘transparent’’. The processor can read or write the refresh memory at any time, and the
display is free of ‘‘glitches”’.

When a character is to be displayed, its Character Code is written into the appropriate display memory locations. The
display is ““scrolled’’ up or down by rewriting the contents of the Display Start Address Register.
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Figure 2. BW-ALPHA display parameters
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CHARACTER GENERATOR

Two 24-pin DIP sockets accept up to 4K bytes of ROM/EPROM/RAM thereby permitting up to 256 different characters
and symbols to be defined. When using a RAM character generator, the character font may be rewritten at any time by the
processor. Read/write access to the character generator is enabled/disabled through programmed 1I/O commands.

As supplied, the BW-ALPHA contains the Matrox MCH-01 character generator ROM (128 - 5 x 7 dot upper/lower case
alphanumeric characters and graphic symbols). Other devices that may be used include TMS2516 (EPROM) and
TMS4016 (RAM). Note that ta<<450ns for displays having up to 80 characters/line and ta<<350ns for displays having up
to 132 characters/line.

ATTRIBUTES

The BW-ALPHA provides five strap-selectable character attributes: inverted video, underline, extended height, blink,
and foreground disable. As supplied, each character may be assigned one of these attributes which is enabled by the
surplus bit in the 8-bit Character Code.

The MCH-01 character set can be reduced, by hardware straps, to produce a 64 character set comprised of the upper
case alphanumeric characters only. With this reduced set one extra bit is released from the Character Code enabling
the implementation of a second character attribute per character. This extra bit may be alternatively used to control
the selection-between the two character generators, effectively combining the two character generators as one double
size unit capable of holding video information for 256 different characters.

CURSOR

An independently addressable cursor is provided. The Cursor Start and End Registers specify the scan lines in a
character cell that are inverted to produce the cursor symbol. The position of the cursor on the screen is determined
by the contents of the Cursor Register. The cursor blink rate is set to either 2 or 4 Hz.

LIGHT PEN

User-display interaction is possible through the use of a high-speed light pen. When the user points the pen at an
iluminated spot on the CRT screen, the CRT loads the screen coordinates in to the Light Pen Register. The pen posi-
tion may then be read by the processor. Note that the light pen can be used only with monitors having short
persistence phosphors.

KEYBOARD INTERFACE
An 8-bit parallel keyboard interface is also provided. When a key is pressed, an interrupt is generated. The processor
can read the keyboard data from the Keyboard Data Register.

BUS INTERFACE

The BW-ALPHA plugs directly into the Multibus* and works with both 8-bit and 16-bit processors using byte wide data
transfers. The seven Command and Status Registers are positioned on any 8 byte I/0O address boundary between 000H
and FFFH. The Display Refresh Memory is positioned on any 4K memory address boundary between 00000H and
FFFFFH.

VIDEO GENERATOR '

All monochrome video monitors work with the BW-ALPHA. Composite B/W video signals are provided.

GRAPHICS

The BW-ALPHA is ideal for producing character oriented graphics having a maximum resolution of 640H x 480V (inter-
laced) or 1024H x 240V (non-interlaced). An image is built up from graphic symbols written into the character generator
RAM. Images are changed at high speed by rewritting the contents of the display memory and character generator.

PROGRAMMING
On power-up, all display control registers must be set, the display memory cleared and the character generator RAM, if
used, loaded with the character font.

REGISTER ADDRESS DESCRIPTION

CRTC ADDRESS BASE + 0 Select CRTC Register

CRTC DATA BASE + 1 CRTC Data

CONTROL 1 BASE + 2 Enable video output/Select character cell width/select dot clock frequency
CONTROL 2 BASE + 3 Enable attributes/Enable memory read/write

NOT USED BASE + 4 -

NOT USED BASE + 5 -

KEYBOARD BASE + 6 Keyboard data

FLAG BASE + 7 Keyboard status

Table 1. Register definitions
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SPECIFICATIONS

FUNCTIONAL

MEMORY ACCESS TIME

Display memory access time varies depending on when the access occurs with respect to the display refresh cycle. The
worst case access time depends on the number of horizontal dots per character cell (see table). The best case is
315 nsec., and the average access time approaches 450 nsec. as formats become less dense.

HORIZONTAL DOTS/CELLS 6 7 8 9 10 11

Worst case time from
MWTC/ or MRDC/ to XACK/

870ns 1050ns 1130ns 1220ns 960ns 1050ns

DISPLAY PARAMETERS

DESCRIPTION | RESTRICTION

Resolution 4000 characters max.

Horizontal Characters 132 characters max.

Vertical Lines 48 lines max. (American Standard), 52 lines max. (European Standard)
Character Cell Size 6, 7, 8,9, 10 or 11 horizontal dots (special 16 dot cell can be strap-selected)
VIDEO TIMING

For a display format of 80 characters by 24 lines with 5 x 7 dot characters within a 7 x 10 dot character cell an
11.667 MHz crystal is used. The following table gives the timing in both American and European standards.

SIGNAL [ AMERICAN | EUROPEAN
Active Video 48 us 48 ps
Horizontal Sync Frequency 15.723 KHz 15.576 KHz
Horizontal Sync Width 4.80 ps 5.40 ps
Vertical Sync Frequency 60.01 Hz 49.92 Hz
Vertical Sync Width 190.8 pus 256.8 s
INPUT SIGNALS ' OUTPUT SIGNALS

Light Pen: Light-pen enable Composite Analog Video

Light-pen strobe
Keyboard: Keyboard data
Keyboard strobe

BUS INTERFACE

Address, data and control signals conform to Intel Multibus Specification No. 9800683.
Command and Status Registers — Selectable on 8 byte I/0 address boundaries 000-FFF (098H).

Display Refresh Memory — Selectable on 4K byte memory address boundaries 00000-FFFFF (07000H).
Keyboard Interrupt — Selectable for INTRO/ — INTR7/ (uncommitted).

CONNECTORS

DESCRIPTION | MATING CONNECTOR

P1: 86 pin edge connector, 0.156"’ centers, Multibus Interface COMPAR ESM-43-DSRI

J1: 10 pin right angle header, composite video outputs AMP 87922-1

J4: 26 pin right angle header, Keyboard and lightpen interface MOLEX 15-25-4264

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS
Width — 12.00 in. (30.48cm) +5VDC +5% @2A Operating Temperature: O°C to 55°C
Height — 6.75in. (17.15cm) Relative Humidity: 0% to 95% non-condensing

Depth — 0.50in. ( 1.27cm)
ORDERING INFORMATION

BW-ALPHA : B/W alphanumeric display controller for stand alone operation
BW-ALPHA-SL: B/W alphanumeric controller For slave lock operation with RGB-GRAPH
X-TAL : 10.0000 MHz . N .
X-TAL © 11.6666 MHz} Optional crystals for special display format requirements

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no %
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

Muitibus Intel T™
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5800 ANDOVER AVE., TM.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

QUAD COLOR ALPHANUMERIC DISPLAY CONTROLLER FOR MULTIBUS

e Four independent displays e Four DTMF keyboard interfaces
e Programmable display format e Multibus compatible

e 256 displayable colors e RS-330 video outputs

e Hardware scroll e Transparent memory

e Underline and blink attributes e 20-bit address decoding

e 128 ASCII character set e American or European operation

The Matrox MSBC-QV3 is a programmable color alphanumeric display controller which supports
four independent displays. Display formats (characters per line and lines per page) are user defin-
able to a maximum of 2000 characters per display. Powerful color manipulation capabilities are in-
corporated on-board which allows the user to independently select the color of the background,
foreground, and underline components of each displayed character. Each of these components
can also be programmed to blink to a different color.

The MSBC-QV3 features a Copy command which enables the user to copy the contents of one dis-
play memory into another display memory. Another on-board hardware feature allows the user to
change his view (displayed image on his screen) from one display memory to another, without effec-
ting the contents of either display memory.

The MSBC-QV3 generates RS-330 video signals capable of driving most standard RGB video dis-
play monitors. Sync signals generated by the MSBC-QV3 are user programmable to enable the
board to operate in either American or European environments. Four separate DTMF keyboard in-
terfaces are also supported on-board.

AR TR AR RN 00 000V T
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MATROX products covered by Canadian and foreign patent and/or patent pending.
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Figure 1. MSBC-QV3 block diagram




MSBC-QV3 FEATURES

Quad Displays: The MSBC-QV3 generates four independent color alphanumeric dis-
plays on four separate CRT monitors.

Programmable Formats: The display format used by the MSBC-QV3 (i.e. characters/line and
lines/page) is user programmable via software. Any format using up to
2000 characters can be accomodated. The standard display format is
80 characters on 24 (25) lines.

Video Attributes: On-board attribute memory stores 7 bits of attribute code per charac-
ter. Video attributes include foreground and background color selec-
tion, underline, and blink. A color look-up PROM selects foreground,
background, and underline colors from a pallette of 256 possible col-
ors. The look-up table also defines to what color the foreground, back-
ground, and underline will blink. A total of 127 attribute color com-
binations are available for each character.

Character Generator: The MSBC-QV3 is supplied with 128 characters, including upper and
lower case alphanumeric characters and 32 special graphics symbols.

Copy: The MSBC-QV3 allows the user to transfer data from one display
memory to another display memory using a single I/0 command. Copy
operations are completely transparent to the host CPU and normal
read /write operations to the display RAMs not involved in the COPY
are not impeded.

Change Display: Users can select which display memory will be viewed on his particular
CRT screen. For example, User A can select, using a single command,
to view display memory B. Change Display operations do not effect the
contents of either of the involved display memories.

Keyboard Interface: The MSBC-QV3 accepts tone-encoded DTMF data from four separate
external keyboards. On-board receivers decode this information and
provide 4-bit binary data which can be read by the system processor.
The Matrox KB-16 keyboard can be used to generate the DTMF
signals.

Multibus Interface: The MSBC-QV3 plugs directly into the Multibus. The board occupies a
4K byte block of system memory and is controlled via 11 1/0 registers
which reside on any 8 consecutive |/0 locations.
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Figure 2. MSBC-QV3 functional blocks

GENERAL DESCRIPTION

Contained on a single Multibus standard PCB (12.0” x 6.75"),
the MSBC-QV3 is a sophisticated color alphanumerics display
system capable of controlling up to four independent displays.
Powerful on-board color manipulation techniques yield
advanced character highlighting capabilities.

The MSBC-QV3 is made up of seven functional blocks: Display
Memory, CRT Controller, Character Generators, Video Gener-
ators, Timing and Control Unit, Keyboard Interface, and Multi-
bus Interface. These functional blocks are outlined in figure 2.

KEYBOARD INPUTS VIDEO OUTPUTS
A-D A-D

CRT CONTROLLER

The MSBC-QV3 uses one single-chip CRT Controller to gener-
ate all of the required video timing signals for all four of the
video displays. This VLSI IC provides the horizontal and verti-
cal sync and blanking signals, and display refresh RAM ad-
dressing signals. The CRT Controller is software program-
mable, allowing the user to define parameters such as vertical
refresh frequency, width and position of the horizontal and ver-
tical sync pulses (important when using non-standard mon-
itors), display resolution, etc. To the Multibus, the CRT Con-
troller appears as an array of 18 registers which are indirectly
accessed via a pair of 1/0 locations.
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Figure 3. Display parameters
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The CRT Controller allows the user to define the display pa-
rameters (horizontal characters/line, vertical lines/field, etc.)
under software control. Due to memory access timing require-
ments, display formats are limited to a maximum of 80 charac-
ters per line on up to 25 lines per field. Note that all four dis-
plays must be programmed for the same display format.

DISPLAY MEMORY

The MSBC-QV3 contains 16K bytes of on-board read/write
display memory. This RAM memory is divided into four 4K byte
blocks, each of which corresponds to a separate display.
These 4K blocks are further divided into a 2K byte character
text memory and a 2K byte attribute memory. The four MSBC-
QV3 display memories are mapped into a single 4K byte block
of system memory, which is strap-locatable on any 4K byte
boundary in the 1M byte Multibus memory address space. The
host CPU selects, via programmed |/0, which of the four dis-
plays is enabled for read/write access from the Multibus. Multi-
bus access to the MSBC-QV3 can be disabled through soft-
ware. This feature makes the MSBC-QV3 transparent to the
host processor and enables multiple boards to occupy the
same memory address space.

Each character position on the CRT screen corresponds to a
unique 8-bit location in the 2K character text memory. When a
character is to be displayed, its ASCIlI Character Code is writ-
ten into the appropriate memory location. The desired Attrib-
ute Code, for that character, is then written to the correspond-
ing location in the attribute memory.

The attribute memory can be accessed in one of two modes.
Normally, the attribute memory appears as 2K bytes of RAM,
where an attribute is located at an address 2048 bytes above
the corresponding character byte. Optionally the attribute can
be stored in an /0 latch (Auto-Attribute Register). Whenever

mation required to generate a 128 character set. This charac-
ter set consists of all the upper and lower case alphanumerics
characters plus 32 special graphics symbols to permit the gen-
eration of limited graphics displays (eg. bar charts, trend dis-
plays, etc.). Alphanumeric characters are formed in a 5 x 7 dot
matrix built up within a 7 x 10 dot character cell. The MSBC-
QV3 can also support an optional 8 x 10 dot character cell.

VIDEO GENERATOR

The MSBC-QV3 video generator processes the textual data
from the text memory (via the character generator) adds color
attributes and produces the output video signals which are
RS-330 compatible. Each channel (display) of the MSBC-QV3
drives 8 levels of red, 8 levels of green, and 4 levels of blue, for
a total of 256 possible displayable colors. Sync and blanking
signals are composite on the green drive. Each video channel
can also be enabled or disabled through programmed |/0.

FORE GROUND UNDERLINE BLINK COLOR 127]

UNDERLINE BLINK COLOR 127

FOREGROUND BLINK COLOR 127

BACKGROUND BLINK COLOR 127

FOREGROUND UNDERLINE COLOR 127

UNDERLINE COLOR 127

FOREGROUND COLOR 127

BACKGROUND COLOR 127

]

p—"F ORE GROUND BLINK COLOR |

BACKGROUND BLINK COLOR |

FOREGROUND UNDERLINE COLOR |

UNDERLINE COLOR |

FOREGROUND COLOR 1

a character is written to the character memory, the stored at- e . BACKGROUND COLOR 1
tribute is automatically copied into the appropriate attribute e FOREGROUND UNDERLNE BLINK COLOR O
memory location. A single attribute latch is used for all four 4 UNDERLINE BLINK COLOR O
video channels. The Auto-Attribute Mode is enabled via Ve FOREGROUND BLINK COLOR 0
programmed |/0. /— BACKGROUND BLINK COLOR O
/— FOREGROUND UNDERLINE COLOR O
In addition to the CPU read /write, the display memory (charac- L/ ek UNDERLINE COLOR O
ter memory and attribute memory) is continually scanned by e FOREGROUND COLOR O
the CRTC every 16.66ms (in 60 Hz systems) to generate video L/ romeroun BACKGROUND COLOR 0
signals. Memory access arbitration circuitry on the MSBC-QV3 W I EEEEEER]
efficiently resolves any contention problems between read/ —— )

write requests and CRT refresh requests in such a way that
the display refresh is “‘transparent’ to the user.

CHARACTER GENERATOR

The MSBC-QV3 uses the Matrox MCH-01 character generator.
This 24 pin DIP IC chip contains all the necessary video infor-

RED GREEN BLUE

Note: Attribute color combination 0is reserved. All locations in this com-
bination are set to black and are used, by the MSBC-QV3 for blanking.

Figure 6. Attribute PROM architecture
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Attributes — The MSBC-QV3 utilizes 1K byte look-up PROMS
(one for each of the four display channels) for powerful color
manipulation. Each look-up table is divided into 128 blocks
(figure 6), each of which contains the color information for the
background, foreground (character), underline, and underline
over foreground. Each block also contains the color informa-
tion to which each of these display components (i.e. fore-
ground, background, underline, etc.) will blink. In this way
each component can be set to blink to a separate color. The
seven least significant bits from the attribute memory byte al-

UNDERLINE

low the color combination information for each character posi- -

tion to be individually selected from 127 available
combinations.

Copy — The MSBC-QV3 features the capability to copy the
contents of one display memory into another display memory
with a single instruction. Internally, the MSBC-QV3 groups the
four display channels into two groups of two channels each
(A, B and C, D). Memory contents can be copied within each
group with the direction of the copy operation being user
defined.

The Copy operation is completely transparent to the user and
does not effect or inhibit normal CPU accesses to the MSBC-
QV3. Using signals generated internally (figure 5), the Copy
command enables the output of the source memory while si-
multaneously write enabling the destination memory. In this
way, while the CRT Controller reads the source memory to the
screen (for CRT refresh), the destination memory is being writ-
ten to, using this same data.

Change Display — Another feature of the MSBC-QV3 allows
the user to select which display memory of the two channel
group (i.e. A or B, C or D) is used to produce the display on
his screen. Changing views from one display memory to an-
other does not effect the display memory, but merely selects
from which memory the screen refresh data will be taken.

CLOCK

—

BLINK —J )

TIMING AND CONTROL UNIT

The MSBC-QV3's Timing and Control Unit synchronizes the
operation of the various functional blocks on the board and
generates most of the internal timing signais required by the
board. This proprietary Matrox circuitry manages access to
the display memory, between CPU read/write and display re-
fresh, and times the display refresh so that each display is up-
dated without interference from any of the other displays. The
unique Matrox “transparent memory wefresh’ feature allows
the CPU to read/write the display memory at any time, using
all memory reference instructions, without causing snow on
the screen.

KEYBOARD INTERFACE

The MSBC-QV3 includes four keyboard interface channels.
Each interface accepts tone-encoded (DTMF) data from an ex-
ternal keyboard and converts this signal into the 4-bit binary
code representative of the depressed key (table 1). Keyboards
can be located up to 500 feet from the MSBC-QV3.

Each keyboard interface includes an associated 8-bit 1/0 reg-
ister which can be read by the CPU. The four least significant
bits in these registers contain the keyboard data for the corre-
sponding keyboard, while the four most significant bits specify
which keyboard is requesting service. The MSBC-QV3 will gen-
erate an interrupt whenever data is available at any of the four
keyboard channels.

MULTIBUS INTERFACE

The MSBC-QV3 plugs directly into the Multibus backplane
and conforms to the IEEE-796 (Multibus) bus specification. To
the host processor, the MSBC-QV3 looks like a single 4K byte
block of RAM located in system memory. This RAM memory
can be located, by on-board hardware straps, on any 4K byte
boundary in the available system memory space. The board
also occupies 8 1/0 locations which represent 11 control and
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KEYBOARD CHARACTER KEYBOARD REGISTER DATA status registers. The .MSBC-QV3 decodes 20 bits of memory
address and 8 or 16 bits of I/0 address.
BIT 4 BIT3 | BIT2 | BIT1
1 0 0 0 1 A software disable feature enables multiple MSBC-QVS3 boards
2 0 0 1 0 to occupy the same space in system memory, each board only
3 0 0 1 1 requiring separate |/0 addressing. A special provision has
4 0 1 0 0 also been incorporated onto the MSBC-QV3 to enable several
5 0 1 0 1 boards, which occupy the same memory space, to be written
6 0 1 1 0 to simultaneously.
7 0 1 1 1
8 1 0 0 0 PROGRAMMING
9 1 0 0 1 On power-up and reset, the MSBC-QV3 automatically resets
0 1 0 1 0 all on-board control and status registers. To program these
1 0 1 1 boards the user loads these registers with the appropriate pa-
# 1 1 0 0 rameters (table 2). Two of these control registers, CRTC Data
A 1 1 0 1 Register and CRTC Address Register are used to indirectly
(33 1 } 1 ? access a further 18 register, located in the CRT Controller.
D 0 0 0 0
Table 1. DTMF character codes
NAME DIRECTION ADDRESS FUNCTION
Auto-Attribute WRITE ONLY | BASE + 0 | Attribute data for auto-loading to attribute memory
Keyboard 0 READ ONLY BASE + 0 | Keyboard data 0/Keyboard status
Control 1 WRITE ONLY | BASE + 1 Select screen to read/Enable keyboard interrupt/Enable sync
interrupt/Select 80 column mode/Enable Auto-Attribute mode/
Enable on-board memory
Keyboard 1 READ ONLY BASE + 1 Keyboard data 1/Keyboard status
Control 2 WRITE ONLY BASE + 2 | Select display channel to write to (A/B)/Enable video (A/B)/Set
Copy direction (A/B)/Execute Copy function (A/B)/Execute
Change Display function (A/B)/Write Enable (A/B)
Keyboard 2 READ ONLY BASE + 2 | Keyboard data 2/Keyboard status
Control 3 WRITE ONLY | BASE + 3 | Select display channel to write to (C/D)/Enable video (C/D)/Set
Copy direction (C/D)/Execute Copy function (C/D)/Execute
Change Display function (C/D)/Write Enable (C/D)
Keyboard 3 READ ONLY BASE + 3 | Keyboard data 3/Keyboard status
Interrupt Status| READ ONLY BASE + 4 | Vertical sync interrupt flag/Vertical sync flag/Blanking Flag
CRTC Address | WRITE ONLY | BASE + 6 | Address to one of 16 internal CRTC registers
CRTC Data WRITE ONLY BASE + 7 | Data to internal CRTC register pointed to by CRTC
Address Register
Table 2. Register definitions




SPECIFICATIONS

FUNCTIONAL

ACCESS TIME
Access time to all on-board 1/0 locations is fixed at 600ns.

The display memory access time varies from access to access depending on when the access is initiated with respect to the dis-
play refresh cycle. The worst case access time is 1.5us.

DISPLAY PARAMETERS

DESCRIPTION | RESTRICTIONS

Resolution 8000 characters total (2K character x 4 displays)
Horizontal Characters 80 characters max.

Vertical Lines 25 lines max.

Character Cell Size 7 x 10 dots or 8 x 10 dots (strap-selectable)

VIDEO TIMING

For a display format of 80 characters x 24 lines using a 7 x 10 dot character cell, an 11.66 MHz crystal is used. The following
table gives the video timing parameters required for this format for both American and European standard systems. Note that
these parameters are programmable, through the CRT Controller, and must be defined by the user on power-up.

SIGNAL | AMERICAN | EUROPEAN

Active video 48us 48us

Horizontal Sync Frequency 15.723KHz 15.576KHz

Horizontal Sync Width 4.80pus 5.40ps

Vertical Sync Frequency i 60.01Hz 49.92Hz

Vertical Sync Width | 190.8ps 256.8ps

INPUT SIGNALS OUTPUT SIGNALS

KEYBOARD — 4 channels of balanced power/signal lines VIDEO — Red, Green, and Blue video for each channel
— keyboards may be located up to 500 ft. — RS-330, 1.0Vp-p into 75 ohms

— Sync signals are composite on the Green video
BUS INTERFACE

Address, data, and control signals conform to the IEEE-796 (Multibus) bus specification

Command and Status Registers — Selectable on any 8 byte I/0 address boundary 0000H — FFFFH

Display Refresh Memory — Selectable on any 4K byte memory address boundary 00000H — FFFFFH
CONNECTORS
DESCRIPTION | MATING CONNECTOR
P1: 86 pin edge connector, 0.156’’ centers — Multibus Interface COMPAR ESM-43-DSRI
P2: 60 pin edge connector, 0.156" centers — Video Interface MOLEX 15-25-8601
— Keyboard Interface
PHYSICAL
SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS
Width — 12.00 in. (30.48 cm) +5VDC +5% @ 4.5A Operating Temperature — 0°C to 50°C
Height — 6.75 in. (17.15 cm) +12VDC +5% @ 150mA Relative Humidity — 0% to 95% non-condensing

Depth — 0.50in. (1.27 cm)

ORDERING INFORMATION
MSBC-QV3/11/X/55/54 Quad color alphanumeric video display controller (7 x 10 cell)

0 — No DTMF decoders
1 — Complete with 4 DTMF decoders

SUPPORT PRODUCTS
XTAL: 12.8 MHz (must be ordered for 8 x 10 character cell)

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no @
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

Multibus  Intel TM
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MSBC QV-2

QUAD PROGRAMMABLE B/W ALPHANUMERIC CONTROLLER FOR MULTIBUS

e Four independent displays

® User programmable display format
e Up to 132 characters per line

e Up to 52 lines per page

® Variable character cell sizes

® Hardware scroll

e Underline, blink and inverse video
® 128 ASCII character set

e Composite and TTL video outputs

® 8K byte memory-mapped display memory
® Multibus* compatible

® Single +5V supply

® American or European operation

® Transparent memory

® 20 bit address decoding

The MSBC-QV2 generates four separate video displays on four separate monitors. The number of
character per line, number of lines, inter-character spacing, interline spacing, character height,

etc. are all user programmable.

The on-board character generators provide 128 - 5 x 7 upper/lower case alphanumeric characters
and graphic symbols. Each character can be displayed as normal (white on a black background),
inverted (black on white), or blinking at 2 or 4 Hz.

Four separate composite and TTL video signals as well as TTL sync/drive outputs are available
on-board. The MSBC-QV2 works with all monochrome video monitors in Europe (50 Hz) and

America (60 Hz).

APRIL 1982

MATROX products covered by Canadian and foreign patent and/or patent pending.
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Figure 1. MSBC-QV2 block diagram

FUNCTIONAL DESCRIPTION

The MSBC-QV2 is functionally divided into five major operational blocks: The CRT Controller, the Display Memory, the
Character Generator, and the Multibus Interface. These five blocks are shown in figure 1.

CRT CONTROLLER

The MSBC-QV2 uses one single chip CRT controller to generate all the required timing and control signals for all four
displays. This VLSI IC replaces many of the SSI/MSI components used in earlier designs and provides the MSBC-QV2
with features that have previously been found only in the most expensive video display equipment.

The CRT controller allows the user to define the display parameters (horizontal characters per line, vertical lines per
field, etc.) under software control. Virtually any display format can be programmed on the MSBC-QV2, limited only by
the size of the display memory and the monitor specifications. For most standard CRT monitors, formats of up to
132 characters per line or up to 52 lines per field can be accommodated. In addition the character cell size is variable

and accommodates all commonly used character font sizes (5 x 7, 7 x 9, etc.). Note that all four displays must use the
same display format.
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Figure 2. Display Parameters
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DISPLAY MEMORY

The MSBC-QV2 contains a two port display memory that can be accessed by either the CRT controller, for display
refresh, or by the CPU, for text manipulation. During display refresh the display memory is accessed as four 2K blocks
of RAM that are addressed in parallel, by the CRT controller, for simultaneous updating of all four displays. When an
external access occurs, the display memory appears as 8K bytes of contiguous RAM, strap-locatable to any 8K boundary
in system address space. During CPU accesses the display memory is masked from the display to prevent streaking on
the display. External accesses to the display memory can be disabled, through software, permitting more than one
board to occupy the same space in the system memory.

Each character position on the CRT screen corresponds to a unique 8-bit location in the display refresh memory. When
a character is to be displayed, its ASCIlI Character Code is written into the appropriate memory location. The processor
can read/write the display memory at full speed using all memory reference instructions.

As supplied, the MSBC-QV2’s display memory is arranged to generate four displays, each with a maximum resolution of
2048 characters. For larger displays the display memory can be arranged, via hardware straps, so as to produce two
displays of 4096 characters per display.

SCROLL
The four displays can be simulanteously scrolled up or down to permit viewing of the entire display memory. Scrolling
is acheived by rewriting the contents of the Display Start Address Register, contained within the CRT controller.

CHARACTER GENERATOR

As supplied, the MSBC-QV2 contains the MCH-01 character generator. This 24 pin DIP IC chip contains the necessary
binary video information required to generate a 128 character set. This character set consists of all the upper/lower
case alphanumeric characters plus special graphic characters to permit the generation of limited graphic displays. The
alphanumeric characters are formed in a 5 x 7 dot matrix built up within a variable-sized character cell (the size of the
character cell is software programmable through the CRT controller). The QV2 provides 4 different character heights
so that proper character proportions can be maintained for both large and small formats. Normal, double, triple, and
quadruple height characters can be programmed viathe Control Register and these heights are halvedintheinterlace mode.

The MCH-01 character generator is pin-compatible with the 2516 EPROM. In this way the user can easily implement his
own custom character font by simply replacing the MCH-01 with an EPROM loaded with the desired font.

ATTRIBUTES

Circuits for three different character attributes (blink, inverse video, and underline) are incorporated on-board the
MSBC-QV2. These attributes are enabled/disabled by the surplus eighth bit in the ASCIl Character Code. As supplied,
one character attribute can be strap selected for each display. However the character generator can be hardware
strapped to produce a reduced 64 character set, consisting of the upper case alphanumeric characters only. In this
way an extra bit is released from the Character Code, thereby permitting the selection of an additional character attribute
per display.

BUS INTERFACE

The MSBC-QV2 plugs directly into the Multibus and works with both 8-bit and 16-bit processors using byte wide data
transfers. Although the QV2 occupies 8 1/0 locations, only the four even locations are actually used. This is done to
facilitate the use of 16-bit CPUs. The |/0 registers can be strapped to reside at any 8 byte 170 address boundary
between 000H and FFFH. The display refresh memory can be positioned on any 8K byte system memory address boundary
between 00000+ and FFFFFH. )

VIDEO GENERATOR

There are four independent video generators on-board the MSBC-QV2. Both TTL level and composite analog video output
signals are supported. Separate horizontal and vertical sync as well as composite sync signals are also provided. Note
that the sync ports are bi-directional to enable the user to slave the QV2 to an external sync source.

PROGRAMMING

The MSBC-QV2 is programmed through 4 directly accessable 1/0 registers. Two of these registers (CRTC Address
Register and CRTC Data Register) allow the user to access another 18 registers within the CRT controller, to specify
the display format parameters. On power-up, all display control registers must be set and the display memory cleared.
Register definitions for the four directly addressable |/0 ports are given in Table 1.

REGISTER ADDRESS DESCRIPTION

CRTC ADDRESS BASE + 0 Select CRTC register

CRTC DATA BASE + 2 CRTC data

CONTROL 1 BASE + 4 Enable memory/Select character cell width/Select dot clock frequency

CONTROL 2 BASE + 6 Enable Video 1/Enable Video 2/Enable Video 3/Enable Video 4/Select
character height

Table 2. Register Definitions
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SPECIFICATIONS

FUNCTIONAL

MEMORY ACCESS TIME

The display memory access time varies from access to access depending on when the access is initiated with respect
to the display refresh cycle. The best case access time is 225 nsec., while the worst case access time depends on the
number of horizontal dots per character cell (see table)

HORIZONTAL DOTS/CELLS 6 7 8 9 10 11

Worst case time from
MRDC/ or MWTC/ to XACK/

678ns 818ns 888ns 957ns 748ns 818ns

DISPLAY PARAMETERS

DESCRIPTION ] RESTRICTIONS

Resolution 8000 characters total (2K characters x 4 displays/4K characters x 2 displays)
Horizontal Characters 132 characters max.

Vertical Lines 48 lines max. (American Standard), 52 lines max. (European Standard)
Character Cell Size 6,7,8,9, 10 or 11 horizontal dots

VIDEO TIMING

For a display format of 80 characters by 25 lines with 5 x 7 dot characters within a 7 x 10 dot character cell a
14.381 MHz crystal was used. The following table gives the video timing in both American and European standards.
Note that these timing parameters are programmable, through the CRT controller, and must therefore be defined by
the user on power-up.

SIGNAL | AMERICAN | EUROPEAN
Active Video 39.11 pus 39.11 us
Horizontal Sync Frequency 15.77 KHz 15.77 KHz
Horizontal Sync Width 4.87 us 5.85 us
Vertical Sync Frequency 59.96 Hz 50.06 Hz
Vertical Sync Width 190.23 pus 190.23 ps
INPUT SIGNALS

4 x TTL Video

4 x Composite Video
4 x Horizontal/Vertical Sync

BUS INTERFACE

Address, data and control signals conform to Intel Multibus Specification No. 9800693
Command and Status Registers — Selectable on any 8 byte |/0 address boundary 000-FFFH (088H)

Display Refresh Memory — Selectable on any 8K memory address boundary 00000-FFFFFH (06000H)
CONNECTORS

DESCRIPTION | MATING CONNECTOR

P1: 86 pin edge connector, 0.156'' centers — Multibus Interface COMPAR ESM-43-DSRI

J1: 60 pin edge connector, 0.156" centers — Composite/TTL Video MOLEX 15-25-8601

V: 16 pin DIP socket — Video Expansion Socket AUGAT 516-A6-37D

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

Width — 12.00 in. (30.48cm) 5V DC +5% @2A Operating Temperature: O°C to 55°C

Height — 6.75 in. (17.15cm) Relative Humidity: 0% to 95% non-condensing

Depth — 0.50in. ( 1.27cm)

ORDERING INFORMATION
MSBC-QV2 : Programmable format quad video controlier

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no @
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

Multibus Intel T™M
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5800 ANDOVER AVE., TM.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

24 x 80 ALPHANUMERIC DISPLAY CONTROLLER FOR MULTIBUS

® 24 row x 80 column alphanumeric video e Multibus compatible

displa
play e Directly drives any monochrome monitor

o 32 x 80 displ
¥ SN dlopiRy amery e On-board ASCII keyboard interface

® Normal, inverse, blink attributes i
e Single +5V supply

® Hardware scroll

e EPROM ASCII character generator

® 4K byte memory-mapped display

e External/internal sync capability
e Decodes full 20 address lines

e Transparent memory access

The MSBC-2480 is a Multibus compatible alphanumeric display controller which is capable of gener-
ating displays of 24 lines of 80 charactres per line. Characters can be displayed as either white on a
black background or black on a white background. Each character can also be set to blink under
software control.

The character font provided with the MSBC-2480 contains 128 - 5 x 7 upper/lower case
alphanumeric characters and graphic symbols. The character generator is user-programmable,
allowing the user to implement his own custom character font.

The MSBC-2480 works with all standard monochrome video monitors in Europe (50 Hz) and
America (60 Hz).

APRIL 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. DS-105-01
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Figure 1. MSBC-2480 block diagram

FUNCTIONAL DESCRIPTION
The MSBC-2480 is made up of five major operational blocks: Timing and Control Unit, Display Memory, Character
Generator, Video Generator, and Multibus Interface. Communications between these blocks are shown in figure 1.

TIMING AND CONTROL UNIT

All timing and control signals required to generate a video display with 24 lines of 80 characters per line are supported
on-board the MSBC-2480. The Timing and Control Unit, consisting of the master oscillator (11 MHz) and various
modulo counters, produces the horizontal and vertical sync signals needed by the monitor as well as all timing signals
for display refresh memory (RAS, CAS).

The horizontal/vertical reset signals as well as the dot clock can be either generated on-board or accepted, through a
bidirectional port, from an external sync source. In this way the MSBC-2480 can be synchronized to operate with other
video boards as part of a complete video display system.

DISPLAY MEMORY

The MSBC-2480 contains 2.5K bytes of on-board display refresh memory, to store up to 32 lines of 80 characters (2560
characters). The display memory occupies 4K bytes of system address space thereby permitting the CPU to identify
each character location with a unique 12 bit address.

Each character position on the CRT screen corresponds to an 8 bit location in the display refresh memory. Characters
are written on to the display by loading the ASCII Character Code to the appropriate display memory location. The CPU
can read/write the display memory at full speed using all memory reference instructions.

All accesses to the display memory are controlled by a “Transparent Memory” control circuit within the Timing and
Control Unit. In this way all accesses to the display memory (read, write, refresh) are efficiently arbitrated. The Trans-
parent Memory control circuitry permits the CPU to read or write the refresh memory at any time and the display is free
of glitches.

CHARACTER GENERATOR
The MSBC-2480 contains an on-board 2716 EPROM which contains the binary video information to generate a 128 ~
character set. The supplied character font consists of the full 96 upper/lower case alphanumeric character set with the
addition of 32 special graphic characters. The alphanumeric characters are formed in a 5 x 7 dot matrix within a 6 x 10
dot character cell. The graphics characters utilize the entire character cell to allow for drawing continuous lines. For
greater inter-character spacing the character cell size can be increased, with hardware straps, to 8 x 10 dots. Note that
increasing the character cell size will cause gaps to appear between the graphics characters. Also, a different crystal is
required for applications utilizing an 8 dot cell.

The MSBC-2480 permits simple implementation of custom character fonts. To install a new character set, the user
need only reprogram the EPROM character generator with the video information to generate his own font.

ATTRIBUTES

Each character is accessed by seven bits of the eight bit ASCIl Character Code. This releases the most significant
eighth bit for attribute selection. Characters displayed on the MSBC-2480 can be displayed either as normal (white on a
black background), inverted (black on a white background), blinking, or both inverted and blinking. Character attributes
are selected by on-board hardware straps and are enabled/disabled by the eighth bit of the character code.
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Figure 2. Combining MSBC-2480 with MSBC-512 for alpha/graph displays

The on-board character generator can be strapped to generate a reduced 64 character upper case only set. In this con-
figuration an extra bit from the character code is released. These two surplus bits can be used to enable/disable any
one of the four character attributes.

SCROLL

Although the MSBC-2480 can store up to 32 lines x 80 characters in the display memory, only 24 x 80 characters can
be displayed at any one time. To enable the user to view the entire contents of the display memory a scroll feature has
been incorporated into the design of the MSBC-2480. Through a Scroll Register, the user can specify which vertical
line (0 to 31) will be displayed at the top of the screen.

VIDEO GENERATOR
The MSBC-2480 can directly drive any standard monochrome video monitor. Composite video signals as well as sepa-
rate TTL level video, horizontal/vertical sync and blanking signals are supported on-board.

KEYBOARD INTERFACE

A keyboard can be interfaced to the MSBC-2480 through a 16 pin DIP socket, S7. The keyboard input port consists of
eight input lines and one strobe line (positive pulse). Once the keyboard data strobe has been received, an interrupt is
generated.

BUS INTERFACE

The MSBC-2480 plugs directly into the Multibus. The display refresh memory, which is memory mapped into the Multi-
bus memory address space, can be strapped to reside at any 4K byte memory address boundary between 00000+ and
FFFFFH. The three internal registers (Scroll Register, Flag Register, and Keyboard Interface) are accessed through the
unused locations of the occupied 4K byte address space.

GRAPHICS

The MSBC-2480 can be integrated, as an alphanumeric controller, within a complete alpha/graph video system. By
configuring the MSBC-2480 to operate in the slave mode, the horizontal/vertical reset lines and the dot clock line are
set to act as input ports. In this way the board can be synchronized to a master sync source. These lines can also be
configured to operate as output ports to enable the user to configure his system to synchronize to the MSBC-2480. A
typical application of combined alphanumerics/graphics is shown in figure 2, where the graphics board (MSBC-512)
acts as the master sync source.

PROGRAMMING

The MSBC-2480 is programmed via three memory-mapped registers and 48 on-board hardware straps. Through the
three registers the user can: select which vertical line will be displayed at the top of the screen (Scroll Register), accept
data from an external keyboard (Keyboard Register), and read horizontal and vertical blanking (Flag Register). The
board’s operational status is determined by the hardware straps. Table 1 outlines the definitions of these straps.

JUMPER NO.| DESCRIPTION JUMPER NO. | DESCRIPTION
S1 Select base address W7 Enable Transparent memory access mode
S3 Select American/European operation ws Enable ‘‘Slave”’ mode
S4 Select Character Cell Size w11 Enable non-interlaced scan mode
S5 Select character attribute W12 Enable interlaced scan mode
W1 Enable ““Master’’ mode W14 Enable European standard
w2 Enable 8 x 10 character cell W15 Enable American standard
W3 Enable 6 x 10 character cell W16 Disable Transparent memory access mode
W4 Enable 6 x 10 character cell W17 Enable Transparent memory access mode
W5 Enable 8 x 10 character cell 10-7 Select keyboard interrupt priority
W6 Disable Transparent memory access mode

Table 1. Jumper definitions




SPECIFICATIONS
FUNCTIONAL

MEMORY ACCESS TIME

With Transparent Memory Access: 800ns
Without Transparent Memory Access: 500ns

DISPLAY PARAMETERS

DESCRIPTION | DISPLAYED | STORED
Resolution 1920 characters 2560 characters
Horizontal Characters 80 characters 80 characters
Vertical Lines 24 lines 32 lines
Character Cell Size 6 or 8 horizontal dots

VIDEO TIMING

To generate a video display of 24 x 80 characters with a 6 dot cell, the MSBC-2480 uses an 11.06688 MHz crystal. The
following table gives the video timing for both American and European standards.

SIGNAL | AMERICAN | EUROPEAN
Active Video 43.5 us 43.5 us
Horizontal Sync Frequency 15.8 KHz 15.8 KHz
Horizontal Sync Width 4.4 us 4.4 us
Vertical Sync Frequency 60.0 Hz 50.2 Hz
Vertical Sync Width 192.0 ps 190.0 ps
IMPUT SIGNALS OUTPUT SIGNALS

Keyboard Data TTL Level Video

Keyboard Strobe Horizontal Drive

Vertical Drive
Composite Sync
Composite Video

BUS INTERFACE

Address, data, and control signals conform to Intel Multibus Specification No. 9800683
Control Registers and Display Memory — Selectable on any 4K byte memory address boundary 00000H - FFFFFH (04000H)

CONNECTORS

DESCRIPTION | MATING CONNECTOR

P1 : 86 pin edge connector, 0.156’' centers — Multibus Interface COMPAR ESM-43-DSRI

S2:16 pin DIP socket — Video Expansion Socket AUGAT 516-A6-37D

S7 : 16 pin DIP socket — Keyboard Interface AUGAT 516-A6-37D

J1 : phono connector — Composite Video RCA 901

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

Width: 12.00 in. (30.48 cm) +5VDC +5% @ 0.9A Operating Temperature: 0°C to 55°C

Height: 6.75in. (17.15cm) Relative Humidity: 0% to 95% non-condensing

Depth: 0.50in. ( 1.27 cm)

ORDERING INFORMATION
MSBC-2480 — XX — X

{g Horizontal dots per character cell

AS — American Standard (60 Hz)
ES — European Standard (50 Hz)

Example: MSBC-2480-6-AS: 24 x 80 character display with 6 horizontal dots per character cell and a vertical refresh
rate of 60 Hz.

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no @
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

Multibus Intel T™
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5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

MSBC-512

512 x 512 GRAPHICS DISPLAY CONTROLLER FOR MULTIBUS

e Bit mapped 512 x 512 pixel display

® 256 x 256, 512 x 256, 1024 x 256 formats
also available

e Powerful X-Y virtual memory addressing
e Hardware scroll built-in

e Single instruction memory erase

e Color/grey-scale expansion

e Can be combined with MBSC-2480
e Transparent memory access

e Multibus* compatible

e Works with 8 and 16-bit CPUs

e Internal/external sync

e American/European operation

The MSBC-512 is a member of Matrox's complete line of Multibus compatible graphics video
boards. The MSBC-512 family of cards is designed to interface a mini or microcomputer to a CRT
monitor and produce a B/W display of 512 x 512 points. The board also features built-in hardware

scroll capabilities and a single instruction memory erase.

The MSBC-512 can also be combined with the MSBC-2480 to produce a complete alphanumerics/
graphics video display system. Combining multiple MSBC-512 cards, the OEM system designer can
construct a graphics display system with up to 24 bits/pixel (16 million different colors or grey levels).

Bk
X

B

APRIL 1982

MATROX products covered by Canadian and foreign patent and/or patent pending.
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Figure 1. MSBC-512 Block Diagram

FUNCTIONAL DESCRIPTION
The MSBC-512 consists of six main functional blocks (figure 1): Timing and Control Unit, Scroll Register, X-Y Regis-
ters, Display Memory, Video Generator, and Multibus Interface.

TIMING AND CONTROL UNIT

All timing and control signals required by the video monitor (horizontal/vertical sync and blanking), display refresh
memory (row/column addressing), and video generator (dot clock, load and shift) are generated by the Timing and
Control Unit. The exact configurations of these signals are user-programmable, via hardware straps, to enable the
MSBC-512 to generate displays with up to 512 horizontal dots by 512 vertical dots. The board can also be strapped to
operate in either 50 Hz (European) or 60 Hz (American) systems.

The horizontal/vertical reset signals as well as the dot clock can be either generated on-board or accepted through a
bidirectional port, from an external sync source. In this way the MSBC-512 can be synchronized to operate with other
video boards as part of a complete video display system.

DISPLAY MEMORY

The MSBC-512 can be populated with 4, 8, or 16K RAMs for displays of 256 x 256, 512 x 256, 512 x 512, or 1024 x 256
dots. Each point on the CRT screen is identified by a unique address within the display memory. When a point is to be
illuminated on the screen, a logic ‘1" is written to the appropriate display memory location.

The CPU reads/writes the display memory through a pair of memory-mapped 1/0 locations (X-Y Registers). This allows
two memory locations to address all of the 262,144 bits of the refresh memory (512 x 512). Once the X and Y address of
the dot has been loaded, the CPU can read/write the dot intensity. The dot intensity bit (image bit) can be assigned to
any data bus bit. The resultant CRT display is a black and white image with the intensity of each dot being either on
(logic ““1’") or off (logic ‘0"").

In addition ot the CPU read/write, the display memory is continually scanned by the Timing and Control Unit every
16.66ms (60 Hz) to generate video signals. Memory access arbitration circuitry on the MSBC-512 efficiently resolves
any contention problems between read/write request and CRT refresh requests in such a way that the display is ‘‘trans-
parent’ to user.

SCROLL

An on-board Scroll Register enables the user to scroll the display up or down. By loading the Scroll Register the user
can specify which horizontal line is to be displayed at the top of the screen. Lines scrolled off the top of the display will
‘‘wrap-around’” and re-appear at the bottom of the screen.

SCREEN ERASE

The entire refresh memory on the MSBC-512 can be erased by a single OUTput instruction. Setting the memory erase
enable bit when writing to the display memory will cause the entire memory to be set to that intensity (0 = black, 1 =
white).

VIDEO GENERATOR
The MSBC-512 works with all standard monochrome video monitors in American (60 Hz) and European (50 Hz) sys-
tems. TTL level video, horizontal sync, vertical sync, as well as composite video signals are supported on-board.
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Figure 2. Stacking MSBC-512 cards for Color/Grey-scale displays

BUS INTERFACE

The MSBC-512 plugs directly into the Multibus and works with both 8-bit and 16-bit processors. All the Command and
Statuts Registers as well as the Display Memory are accessed via memory mapped |/0. The MSBC-512 can be posi-
tioned on any 8 byte memory address boundary between 0000H and FFFFH.

ALPHA-GRAPH DISPLAYS

The MSBC-512 can be combined with the MSBC-2480 to generate alphanumeric/graphic displays. An on-board
alphanumeric input port accepts the TTL level alphanumeric video information from the MSBC-2480 and combines it
with the graphics video from the MSBC-512. The result is a powerful display combining both alphanumerics and graph-
ics without the overhead involved in generating alphanumeric characters using graphic techniques.

COLOR/GREY-SCALE EXPANSION

Multiple MSBC-512 cards can be combined to provide for color/grey-scale displays. As previously outlined (DISPLAY
MEMORY), the image bit on a given card can be assigned to any data bus bit. Thus the output of each card can be as-
signed a different weight or color. By assigning cards to different data bus bits and strapping all the cards with the
same address, the intensity or color of a given dot can be loaded in a single instruction. A typical example of building
up a color video system using the MSBC-512 is shown in figure 2.

PROGRAMMING

The MSBC-512 is programmed, for various display resolutions, by on-board hardware straps. These straps are organ-
ized into three 16 pin “programming sockets” to facilitate simple re-programming of the board. Table 1 defines the
on-board jumpers used to configure the MSBC-512 for the various resolution options.

DESCRIPTION

Vertical display = 240 lines (American standard) or 256 lines (European standard)
Vertical reset = 262% lines (American standard)

Vertical reset = 312% lines (European standard)

Vertical sync = 244 lines (American standard)

Vertical sync = 276 lines (European standard)

Not used

Enable 512 dot vertical resolution

Not used

Enable 1024 dot horizontal resolution

Set memory access mode for RAM type used

Enable 1024 dot horizontal resolution

Disable 1024 dot horizontal resolution

Synchronize blanking for 512/1024 dot horizontal resolution
Synchronize blanking for 256 dot horizontal resolution

Dot clock = 5.53344 MHz (256 dot horizontal resolution)

Dot clock = 11.06688 MHz (512/1024 dot horizontal resolution)

Enable 256 x 256 addressing

Enable 512 x 256 addressing

Enable interlaced addressing (512 x 512/1024 x 256)

Enable 512 dot horizontal addressing

Enable 1024 dot horizontal addressing

Enable 512 dot vertical addressing

Synchronize LOAD SCROLL signal to 60 Hz (American standard)
Synchronize LOAD SCROLL signal to 50 Hz (European standard)

SOCKET JUMPER

ONOOBRWN=2IONOOPWON=[ONOONDRWN =

Table 1. Jumper Configurations
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SPECIFICATIONS

FUNCTIONAL

MEMORY ACCESS TIME
Dot Write Time: 1.4 us

DISPLAY PARAMETERS
RESOLUTION | RAM TYPE

256 X 256 4K
512 X 256 8K
512 X 512 16K
1024 X 256 16K

VIDEO TIMING

For a 256 x 256 or 512 x 256 display, the video output is non-interlaced. For a 512 x 512 or 256 x 1024 display, the
video output is interlaced (two fields per frame). In order to avoid display flicker, a monitor with long persistence phos-
phors must be used.

SIGNAL | AMERICAN | EUROPEAN
Active Video l 46 ps 46 us
Horizontal Sync Frequency 15.8 KHz 15.8 KHz
Horizontal Sync Width 5.67 us 5.67 us
Vertical Sync Frequency 60 Hz 50.2 Hz
Vertical Sync Width 190 ps 190 us
OUTPUT SIGNALS

TTL Level Video
Horizontal Sync
Vertical Sync
Composite Sync
Composite Video

BUS INTERFACE

Address, data, and control signals conform to Multibus Specifications No. 9800683
Display Memory, Command and Status Registers — Selectable on any 8 byte memory address boundary 0000-FFFFH (5000H)
— or selectable on any 8 byte I/0 address boundary

CONNECTORS

DESCRIPTION MATING CONNECTOR

P1 : 86 pin edge connector, 0.156"" centers — Multibus Interface COMPAR ESM-43-DSRI

J1 : phono connector — Composite Video RCA 901

V :16 pin DIP socket — Video Expansion Socket AUGAT 516-A6-37D

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

Width: 12.00 in. (30.48 cm) +5V DC +5% @ 800mA Operating Temperature: 0°C to 55°C |
Height: 6.75in. (17.15 cm) +12V DC + 5% @ 200mA Relative Hymidity: 0% to 95% non-condensing

Depth:  0.50 in. ( 1.27 cm)

ORDERING INFORMATION
MSBC — XXX/XXX — XX

l__ AS — American standard (60 Hz)
ES — European standard (50 Hz)

Vertical resolution (256/512)
Horizontal resolution (256/512/1024)

Example: MSBC-512/512 — AS: 512 x 512 dot display with a 60 Hz vertical frame refresh rate.

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

Multibus Intel  TM
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electronic systamys Itd. NSBC_S-‘ 2

VECTOR PLOT 512 x 512 GRAPHICS DISPLAY CONTROLLER FOR MULTIBUS

® Bit mapped 512 x 512 dot display e Can be combined with MSBC-2480

® 256 x 256, 512 x 256, 1024 x 256 formats e Transparent memory access
Slianle ® Multibus* compatible

e Powerful X-Y virtual memory addressing e Works with 8 and 16-bit CPUs

* Hah speed vactor pigt e Internal/external sync

e Single instruction memory erase e American/European operation

e Color/grey-scale expansion

The NSBC-512 is a member of Matrox's complete line of Multibus compatible graphics video
boards. The NSBC-512 family of cards is designed to interface a mini or microcomputer to a CRT
monitor and produce a B/W display of 512 x 512 points. The board also features a high speed vec-
tor plot capability and a single instruction memory erase.

The NSBC-512 can also be combined with the MSBC-2480 to produce a complete alphanumerics/
graphics video display system. Combining multiple NSBC-512 cards, the OEM system designer can
construct a graphics display system with up to 24 bits/pixel (16 million different colors or grey levels).

APRIL 1982

MATROX products covered by Canadian and foreign patent and/or patent pending.
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Figure 1. NSBC-512 Block Diagram

FUNCTIONAL DESCRIPTION

The NSBC-512 consists of six main functional blocks (figure 1): Timing and Control Unit, Dot Register, X-Y Registers,
Display Memory, Video Generator, and Multibus Interface.

TIMING AND CONTROL UNIT

All timing and control signals required by the video monitor (horizontal/vertical sync and blanking), display refresh
memory (row/column addressing), and video generator (dot clock, load and shift) are generated by the Timing and
Control Unit. The exact configurations of these signals are user-programmable, via hardware straps, to enable the
NSBC-512 to generate displays with up to 512 horizontal dots by 512 vertical dots. The board can also be strapped to
operate in either 50 Hz (European) or 60 Hz (American) systems.

The horizontal/vertical reset signals as well as the dot clock can be either generated on-board or accepted, through a
bidirectional port, from an external sync source. In this way the NSBC-512 can be synchronized to operate with other
video boards as part of a complete video display system.

DISPLAY MEMORY

The NSBC-512 contains a 32K byte on-board dynamic read/write display refresh memory capable of generating a
display with up to 512 x 512 dots. Each point on the CRT screen is identified by a unique address within the display
memory. When a point is to be illuminated on the screen, a logic 1"’ is written to the appropriate display memory
location.

The CPU reads/writes the display memory through a pair of memory-mapped |/0 locations (X-Y Registers). This allows
two memory locations to address all of the 262,144 bits of the refresh memory (512 x 512). Once the X and Y address of
the dot has been loaded, the CPU can read/write the dot intensity. The dot intensity bit (image bit) can be assigned to
any data bus bit. The resultant CRT display is a black and white image with the intensity of each dot being either on
(logic **1”) or off (logic “0").

The NSBC-512 uses a 4096 x 4096 virtual address space. Within this space, the display memory can be accessed in
either Wrap-Around mode or Clipping mode. When operating in the Wrap-Around mode the higher order address bits
not allowed by the NSBC-512 will be ignored. The board will attempt to write to the specified location, but since it will
not see the higher address bits it will actually write to a lower address. In this way the displayed image will appear to
“‘wrap around” the screen. Alternatively, the NSBC-512 can be strapped to ignore addresses outside of the display
area completely. In this way a “‘blind”’ working space is created in which Vector Plot software will continue to work, but
will not de displayed.

In addition to the CPU read/write, the display memory is continually scanned by the Timing and Control Unit every
16.66ms (60 Hz) to generate video signals. Memory access arbitration circuitry on the NSBC-512 efficiently resolves
any contention problems between read/write requests and CRT refresh requests in such a way that the display is
“transparent’’ to user.

The NSBC-512 can optionally be populated with either 4K or 8K memory for less dense display requirements. In this
way displays of 256 x 256 or 512 x 256 dots can be configured without any wasted memory. Moreover the standard
512 x 512 memory configuration can be configured, via on-board hardware straps, to operate in a horizontal interlace
mode whereby displays of 1024 x 256 dots can be generated.

VECTOR PLOT

Lines and curves can be drawn at high speeds on the NSBC-512 with the vector plot feature. When drawing a line at
high speed, the start point is written to the display by first specifying the X and Y coordinates and then writing the dot
intensity to the Data Register. The next point on the line is written to the display by loading the Dot Register with the
cursor step direction. The X and Y coordinates of the cursor will automatically be modified and the dot intensity will
automatically be written to this location.
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Figure 2. “Stacking” NSBC-512 cards for Color/Grey-scale displays

SCREEN ERASE

The entire refresh memory on the NSBC-512 can be erased by a single OUTput instruction. Setting the memory erase
enable bit when writing to the display memory will cause the entire memory to be set to that intensity (0= black,
1= white).

VIDEO GENERATOR
The NSBC-512 works with all standard monocrome video monitors in American (60 Hz) and European (50 Hz) systems.
TTL level video, horizontal sync, vertical sync, as well as composite video signals are supported on-board.

BUS INTERFACE

The NSBC-512 plugs directly into the Multibus and works with- both 8-bit and 16-bit processors. All the Command and
Status Registers as well as the Display Memory are accessed via memory mapped 1/0. The NSBC-512 can be posi-
tioned on any 8 byte memory address boundary between 0000H and FFFFH.

ALPHA/GRAPH DISPLAYS

The NSBC-512 can be combined with the MSBC-2480 to generate alphanumeric/graphic displays. An on-board
alphanumeric input port accepts the TTL level alphanumeric video information from the MSBC-2480 and combines
it with the graphics video from the MSBC-512. The result is a powerful display combining both alphanumerics and
graphics without the overhead involved in generating alphanumeric characters using graphic techniques.

COLOR/GREY-SCALE EXPANSION

Multiple NSBC-512 cards can be combined to provide for color/grey-scale displays. As previously outlined (DISPLAY
MEMORY), the image bit on a given card can be assigned to any data bus bit. Thus the output of each card can be
assigned a different weight or color. By assigning cards to different data bus bits and strapping all the cards with the
same address, the intensity or color of a given dot can be loaded in a single instruction. A typical example of building
up a color video system using the NSBC-512 is shown in figure 2.

PROGRAMMING
The NSBC-512 is programmed, for various display resolutions, by on-board hardware straps. These straps are organized
into three 16 pin ““pregramming sockets” to facilitate simple re-programming of the board.

SOCKET | JUMPER DESCRIPTION

Vertical display = 240 lines (American standard) or 256 lines (European standard)
Vertical reset = 262" lines (American standard)

Vertical reset = 312%; lines (European standard)

Vertical sync = 244 lines (American standard)

Vertical sync = 276 lines (European standard)

Not used

Enable 512 dot vertical resolution

Not used

Enable 1024 dot horizontal resolution

Set memory access mode for RAM type used

Enable 1024 dot horizontal resolution

Disable 1024 dot horizontal resolution

Synchronize blanking for 512/1024 dot horizontal resolution
Synchronize blanking for 256 dot horizontal resolution

Dot clock = 5.53344 MHz (256 dot horizontal resolution)

Dot clock = 11.06688 MHz (512/1024 dot horizontal resolution)

Display memory addressing straps
(exact configurations depend on resolution and type of RAM used)

ONOORWN—=ONOORWN=|ONOOAWN =

Table 1. Jumper Descriptions




SPECIFICATIONS

FUNCTIONAL

MEMORY ACCESS TIME
Dot Write Time: 1.4 us

DISPLAY PARAMETERS

RESOLUTION | RAM TYPE

256 X 256 4K

512X 512 8K

512 X 512 16K
1024 X 256 16K
VIDEO TIMING

For a 256 x 256 or 512 x 256 display, the video output is non-interlaced. For a 512 x 512 or 256 x 1024 display, the
video output is interlaced (two fields per frame). In order to avoid display flicker, a monitor with long persistence phos-
phors must be used.

SIGNAL | AMERICAN | EUROPEAN
Active Video 46 ps 46 ps
Horizontal Sync Frequency 15.8 KHz 15.8 KHz
Horizontal Sync Width 5.67 us 5.67 us
Vertical Sync Frequency 60 Hz 50.2 Hz
Vertical Sync Width 190 ps 190 ps

OUTPUT SIGNALS

TTL Level Video
Horizontal Sync
Vertical Sync
Composite Sync
Composite Video

BUS INTERFACE

Address, data, and control signals conform to Multibus Specifications No. 9800683
Display Memory, Command and Status Registers — Selectable on any 8 byte memory address boundary 0000-FFFFH (5000H)

— or selectable on any 8 byte |/0 address boundary

CONNECTORS

DESCRIPTION ‘ MATING CONNECTOR

P1 : 86 pin edge connector, 0.156" centers — Multibus Interface COMPAR ESM-43-DSRI

J1 : 50 pin edge connector, — TTL/Composite Video MOLEX 15-25-8501

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

Width: 12.00 in. (30.48 cm) +5V DC +5% @ 800mA Operating Temperature: 0°C to 55°C

Height: 6.75in. (17.15 cm) +12V DC +5% @ 200mA Relative Humidity: 0% to 95% non-condensing

Depth: 0.50in. ( 1.27 cm)

ORDERING INFORMATION
NSBC — XXX/XXX — XX

E AS — American standard (60 Hz)
ES — European standard (50 Hz)
Vertical resolution (256/512)

Horizontal resolution (256/512/1024)

Example: NSBC-512/512 — AS: 512 x 512 dot display with a 60 Hz vertical frame refresh rate.

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor for any infringements of patents or other rights of m
third parties resulting from its use. No license is granted under any patents or patent rights of Matrox Electronic Systems Ltd.

Multibus Intel TM
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5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

256 x 256 COLOR GRAPHICS DISPLAY CONTROLLER FOR MULTIBUS

® 256 x 256 resolution e Built-in phase lock loop (for genlock)
e 4 bits/pixel expandable to 8 bits/pixel e Multibus* compatible

e Built-in 8-bit D/A converter (grey scale) e Hardware scroll

e Built-in composite color encoder e Internal/external sync

e Single instruction erase e American/European operation

The RGB-256 is a powerful color graphics display controller built on a single Multibus* compatible
card. Graphics images of up to 256 x 256 dots can be displayed in up to 16 colors or grey levels.
The RGB-256 also includes such advanced features as hardware scroll, single instruction erase
and digitize commands.

The RGB-256 can be combined with other Matrox video boards such as the MSBC-2480 (alphanu-
merics) and the FG-01 (frame grabber). The OEM sysem designer can therefore integrate the RGB-256
into a powerful tailor-made video display system.

The RGB-256 works with all standard video monitors in Europe (50 Hz) and America (60 Hz). An
on-board phase lock loop can be synchronized to an external sync source to enable the RGB-256
to be used in broadcast applications.
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FUNCTIONAL DESCRIPTION

The RGB-256 is a single board color graphics controller. It consists of five main operational blocks: Timing and Control
Unit, X-Y Registers, Display Memory, Video Generator, and Multibus Interface. A block diagram of the RGB-256 is
shown in figure 1.

TIMING AND CONTROL UNIT

The Timing and Control Unit consists of three major subsystems: Phase Lock Loop, Sync Generator, and Internal
Reference. Through these three subsystems the RGB-256 is capable of generating all the necessary timing signals to
produce a composite color or grey-scale video display. These timing signals include: horizontal/vertical sync and
blanking, display refresh RAM addressing, as well as a color subcarrier.

The RGB-256 can operate in one of three modes: Master, External, or Slave. In the Master mode, the RGB-256 generates
all the necessary video timing signals required for the display. Using the Master mode the RGB-256 can be used as a
stand-alone controller or as a system master, where the video timing signals produced by the RGB-256 are used to syn-
chronize one or more other boards into a complete video imaging system. The Slave mode is used to synchronize the
RGB-256 to another RGB-256 system master. Slaved RGB-256 boards can be used to expand the number of bits/pixel.

Using the RGB-256 in external mode locks the on-board phase-locked loop to an external sync source. Fully NTSC or
PAL compatible signals are provided by the board when locked to broadcast standard inputs.

DISPLAY MEMORY

The RGB-256 contains 32K bytes of on-board dynamic RAM which contains the binary picture information. The display
memory is arranged as 256 x 256 x 4 bits, with each of the unique 65,536 memory locations representing a specific loca-
tion on the CRT screen. To display a point on the screen, the appropriate memory location is loaded with four data bits
which represent the pixel (picture element) color.

The RGB-256 uses a simple yet powerful X-Y addressing scheme. Two directly addressable registers store the X and Y
coordinates of any given dot in the display memory. After the dot’s X-Y coordinates have been defined, the CPU can
read/write the pixel information to the Data Register.

In addition to the CPU read/write, the display memory is continually scanned by the Timing and Control Unit every
16.66 ms (60 Hz) to generate video signals. Memory access arbitration circuitry on the RGB-256 efficiently resolves any
contention problems between CPU read/write requests and CRT refresh requests in such a way that the display is
“transparent” to the user.

SCROLL

An on-board scroll register permits the user to vertically shift the displayed image up or down. By loading the Scroll
Register, the user can specify which horizontal line will be displayed at the top of the screen. Lines scrolled off the top
of the display will wrap-around and reappear at the bottom of the screen.
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ERASE/DIGITIZE COMMAND

The RGB-256 has an erase/digitize command built into hardware. This command enables the user to preset the entire
display refresh memory to a given value or to load one field of a digitized video signal obtained from an external frame
grabber card. In the erase mode, the user can set the entire display memory to a specified value with a single INput
instruction.

VIDEO GENERATOR

The RGB-256 includes a built-in color encoder which can provide up to 16 colors or grey levels. Most monochrome and
composite color monitors will work with the RGB-256. Red, Green, Blue, and Mid-Green TTL level video, horizontal
drive,-vertical drive, as well as composite color and grey-scale video signals are provided. .

BUS INTERFACE

The RGB-256 plugs directly into the Multibus and works most mini and microcomputers. The RGB-256 can be located
on any 8 byte system 1/0 address boundary between 00H and FFH. Since the display refresh memory on the RGB-256 is
directly accessed by two |/0 ports (X-Y Registers), no system memory address space is required.

SYSTEM CONFIGURATIONS .
The RGB-256 can be used as a stand alone controller or, by “‘stacking’’ cards, can be integrated into a complete video
imaging system. As a stand alone controller the RGB-256 provides a 256 x 256 dot raster in 16 different colors or grey
levels. Additionally the RGB-256 can be combined with other boards to provide more colors (multiple RGB-256 boards),
digitized TV pictures (RGB-256 + FG-01) or a complete alphanumerics/graphics display system (RGB-256 +
MSBC-2480). The RGB-256 can also be synchronized to an external sync source via the on-board phase lock loop. This
feature enables the boards to generate NTSC/PAL compatible video signals for integration into a broadcasting
environment.

PROGRAMMING

The RGB-256 is programmed via five 1/0 registers in combination with a series of on-board hardware straps. Address
bits A2 and A3 are used to select between registers (Data Register, Scroll Register, X Register, and Y Register) which
are located on even addresses relative to the RGB-256’s base address (Table 1). A Flag Register is included on-board
(accessed by reading location 2) to enable the host processor to monitor the board’s status (Busy and Vertical Blank).
Reading the X Register will initiate the Frame/Digitize command.

Much of the board’s operational parameters are defined through on-board hardware straps, which have been organ-
ized into four 16-pin DIP sockets. With these jumpers, the user can program the on-board Sync Generator for American
(60 Hz) or European (50 Hz) operation, in either Master, External, or Slave sync mode. Straps are also provided to set
the RGB-256 video outputs for NTSC (American) or PAL (European) standard compatibility. The board’s base address
is determined by the on-board straps. -

Register Relative Address - Description
WRITE READ
DATA 0 Write display memory Read display memory
SCROLL 2 Set topmost displayed line Read Flag Register
X 4 Set X coordinate Initiate Erase/Digitize Command
Y 6 Set Y coordinate Not used

Table 1. Register definitions
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SPECIFICATIONS

FUNCTIONAL

MEMORY ACCESS TIME
Dot Write Time: 1.4 ysec. max.

DISPLAY PARAMETERS

DESCRIPTION | RESTRICTIONS
Horizontal Resolution 256 dots
Vertical Resolution 256 dots (European standard), 240 dots (American standard)

VIDEO TIMING

The RGB-256 generates a 256 x 256 dot raster graphics display. The following table gives the video timing for both
American and European standards.

SIGNAL | AMERICAN | EUROPEAN

Active Video 46.1 us 46.5 ps

Horizontal Sync Frequency 15.734 KHz 15.638 KHz

Horizontal Sync Width 5.8 us 58 us

Vertical Sync Frequency 60.05 Hz 50.12 Hz

Vertical Sync Width ] 190.66 ps 191.83 ps

OUTPUT SIGNALS

TTL Level Video: Red Composite Video: Composite Color
Green Composite Grey-Scale
Blue

Vertical Drive
Horizontal Drive

BUS INTERFACE

Address, data and control signals conform to Intel Multibus Specification No. 9800683
Command Status and Data Registers — Selectable on any 8 byte |/0 address bondary 00H — FFH (80H)

CONNECTORS :

DESCRIPTION | MATING CONNECTOR

P1 : 86 pin edge connector, 0.156'" centers — Multibus Interface COMPAR ESM-43-DSRI

J1 : 60 pin edge connector — Video Interface MOLEX 15-25-8601

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

Width: 12.00 in. (30.48 cm) +5VDC +5% @ 1A Operating Temperature: 0°C to 55°C

Height: 8.00 in. (20.32 cm)* +12V DC +5% @ 400mA Relative Humidity: 0% to 95% non-condensing
Depth: 0.50in. ( 1.27 cm) —12VDC +5% @ 250mA

*Note — The RGB-256 is slightly taller than the standard Multibus card size.

ORDERING INFORMATION
RGB-256/X — XX

L AS — American standard (60 Hz)
ES — European standard (50 Hz)

Number of bit planes (3/4)

Example: RGB-256/3-AS: 256 x 256 graphics display with 3 bit planes (8 possible colors or grey levels) using a vertical
refresh rate of 60 Hz.

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no @@
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

Multibus Intel T™M
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5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

FG-01

HIGH SPEED VIDEO A/D CONVERTER FOR MULTIBUS

e 4, 6, or 8 bit A/D converter
e 4 video inputs
e Accommodates most video amplitudes

e Interfaces directly to RGB-256 to store TV
picture

e Continuous or “Freeze’” grab operation
e Multibus* compatible

® On-board sync separator circuit

e American/European operation

The FG-01 is a high speed analog to digital converter card that is intended to be used with the
Matrox RGB-256 graphics display controller cards. The FG-01 permits the user to digitize a stand-
ard monochrome video signal (1Vp-p) and, on command, to write one digitized field of video informa-

tion into the RGB-256 display refresh memory.

».
. Assesense -
| |
p006OAY 500, 000.00.5: 8500004 | |
‘
zooomj Ei::»oj Eoooooo] E»«”oooj

0.0.5. oj
609
o

L

aomj
506

L

f‘,‘"‘!’ Selon I

maltioR wocw Foo!
@D corvmentre AN

APRIL 1982

MATROX products covered by Canadian and foreign patent and/or patent pending.

1-67

DS-109-01



/_.l

=
/

EXTERNAL
INTERFACE

VIDEO A/D

$ :D AMPLIFIER 3 CONVERTER

SYNC
SEPARATOR

:> 4-1 VIDEO < J
MULTIPLEXER

(=

VIDEO SELECT
REGISTER

)

MULTIBUS INTERFACE

. N & — @ Feor

—t= >

Figure 1. FG-01 block diagram

FUNCTIONAL DESCRIPTION
The FG-01 frame grabber card can be functionally divided into six operational blocks. These blocks (figure 1) are: Input
Multiplexer, Sync Generator, Video Amplifier, A/D Converter, Multibus Interface, and External Interface.

The FG-01 has been designed to operate with the RGB-256 graphics controller. Through commands generated by the
RGB-256 the FG-01 will digitize a frame of video information (from an external TV camera) and store it in the RGB-256
display memory. This frame grabbing operation can be continuous (the RGB-256 will display a continually updated or
“live” picture) or one-shot, effectively “‘freezing’’ the action. Figure 2 illustrates the connections between the RGB-256
and the FG-01.

INPUT MULTIPLEXER

The FG-01 contains an on-board 4 to 1 input video multiplexer. In this way the user can interface up to four analog
video inputs (composite video from four different TV cameras) to the 30 MHz A/D converter. Switching, between these
four video inputs, is under software control. The FG-01 can ““freeze’ a single frame from any one of the video inputs or,
by periodically accessing the board, can provide a continuous ‘‘grabbing’’ of consecutive fields.

SYNC SEPARATOR

Composite video signals, accepted by the FG-01, are stripped of the horizontal and vertical sync signals. These sync
signals are then used by the FG-01 as control signals to synchronize the FG-01 to the TV camera. The composite sync
signals are also made available on the video output connector to enable the user to synchronize the RGB-256 color
graphics board to the TV camera as well.

VIDEO AMPLIFIER
The selected input video goes to a backporch clamp and a variable gain stage. An on-board gain control potentiometer
allows the user to take advantage of the full range of the A/D converter for a given input signal amplitude.

VIDEO A/D CONVERTER

The FG-01 can be ordered in one of three configurations to provide digitized video picture information with 4, 6, or 8
bits per pixel. The on-board A/D converter provides a continuous stream of digital data to the RGB-256. The initiation
of the storage of this data in the RGB-256 display memory is done, under software control, through the RGB-256 card.
A/D conversion is initiated on the negative edge of the Convert Command generated by the RGB-256. On this same
negative edge the data from the previous conversion is made valid. The digital outputs from the A/D converter are
buffered before being passed out from the board. In this way the validity of the produced video information is assured.

BUS INTERFACE
The FG-01 plugs directly into the Multibus. To the Multibus computer the FG-01 looks like a single 1/0 addressable
register (Video Select Register). The user can locate the FG-01 anywhere in the system |/0 address map (00 to FFH).

EXTERNAL INTERFACE

An external interface is provided on-board the FG-01 to permit computers, external to the Multibus, to communicate
with the FG-01. The external interface drives the 8 data lines, 8 address lines, and the IORC/ and IOWC/ lines of the
Multibus to allow the host computer to access any device in the Multibus 1/0 address map. This allows the interfaced
computer to fully access the RGB-256 or any other |/0O mapped board on the Multibus system bus.
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SPECIFICATIONS

FUNCTIONAL

INPUT SIGNALS OUTPUT SIGNALS

Analog Video 0* TTL Level Video (4, 6, or 8 bits)

Analog Video 1 TTL Level Composite Sync (negative going)

Analog Video 2
Analog Video 3
Convert Clock (TTL, 20 MHz max.)

*All analog video inputs are composite video (75%, 0.6V to 1.5Vp-p)

BUS INTERFACE

Address, data and control signals conform to Intel Multibus Specification No. 9800683
Video Select Register — Strappable on any /0 address from 00 to FFH (FOH)

CONNECTORS
DESCRIPTION | MATING CONNECTOR
J1 : 86 pin edge connector, 0.156" centers — Multibus Interface COMPAR ESM-43-DSRI
J2 : 60 pin edge connector, — Analog Video IN MOLEX 15-25-8601

— Digital Video Out

— External Interface
PHYSICAL
SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS
Width: 12.00 in. (30.48 cm) +5VDC +5% @ 300 mA Operating Temperature: 0°C to 55°C
Height: 6.75in. (17.15 cm) +12V DC +5% @ 100 mA Relative Humidity: 0% to 95% non-condensing
Depth: 0.50in.( 1.27 cm) —12V DC +5% @ 200 mA (4 bits)

—12V DC +5% @ 300 mA (6 bits)
—12V DC +5% @ 500 mA (8 bits)

ORDERING INFORMATION
FG-01/X

Number of bits/pixel (4/6/8)

Example: FG-01/4: Frame grabber with a 4 bit/pixel A/D converter.

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no @
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

Muitibus Intel TM
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SECTION 2

Q-BUS (LSI-11) VIDEO BOARDS

QRGB-GRAPH

Vector Plot 512 x 512 Color Graphics Display Controller for LSI-11 Q-bus
QVAF-512 :

QRGB-GRAPH Video Input/Output Processor for LSI-11 Q-bus
QRGB-ALPHA

Programmable Color Alphanumeric Display Controller for LSI-11 Q-bus
QBW-ALPHA

Programmable B/W Alphanumeric Display Controller for LSI-11 Q-bus
MLSI1-2480

24 x 80 Alphanumeric Display Controller for LSI-11 Q-bus

MLSI-512

512 x 512 Graphics Display Controller for LSI-11 Q-bus

QRGB-256

256 x 256 Color Graphics Display Controller for LSI-11 Q-bus

QFG-01

High Speed Video A/D Converter for LSI-11 Q-bus
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5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

electronic systams Itd. QRG B_GRAPH

VECTOR PLOT 512 x 512 COLOR GRAPHICS CONTROLLER FOR LSHI1 Q-BUS

® 512 x 512 pixel resolution standard e Hardware blink
® 4 bits/pixel expandable to 16 bits/pixel e Vectored interrupts
e Writing speed of 800ns/pixel e Compatible with 16-bit and 18-bit
dd i
® DMA access to video RAM AiGIassing
. = - ® On-board ROM Color Look-up Table
e Light pen interface built-in (256 shades)
e Vector plot * Add-on QRGB-ALPHA board provides
e Plug-in compatible with DEC LSI-11 color alphanumeric overlay
Q-bus* e Add-on QVAF-512 board adds:

— Real-time 512 x 512 frame grabber
— 16 million RAM color look-up table
— Hardware vector generator

e Hardware zoom, pan, scroll, and shift,
clear, overlay, clipping, video enable

The QRGB-GRAPH is a member of Matrox's complete line of modular color video boards for the
DEC LSI-11 Q-bus*. By using the latest state of the art LS| and VLSI technology, the
QRGB-GRAPH provides an economical, self-contained solution for OEM color graphics appli-
cations requiring high resolution, top performance, and low cost. The board contains advanced
video features such as hardware zoom, scroll, shift, pan, clipping, overlay, video masking, etc.
which have previously been available only on the most expensive graphics systems at a much
higher cost.

Furthermore, the QRGB-GRAPH can be combined with other Matrox color video boards such as
the color alphanumerics QRGB-ALPHA and video |/0 processor board, QVAF-512, (containing a
real-time 512 x 512 frame grabber, color look-up table, and a hardware vector generator). The OEM
system designer can now easily incorporate powerful tailor-made graphics into his system at a
fraction of the cost of a turn-key system.

APRIL 1982

MATROX products covered by Canadian and foreign patent and/or patent pending.
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Figure 1. CAD/CAM application

Figure 2. Process control application

VIDEO BUS 4
TTL VIDEO
COMPOSITE
VIDEO
r[]r] 4 r4 7 VIDEQ
SYNC AND ouTPyUT
BLANKING S-CLK MAIN A ] LOOK-uP
TIMING ‘ ‘ * * + ABLE
LOGIC ) =
BIT PLANE BIT PLANE BIT PLANE BIT PLANE
NO. 3 NO. 2 NO. 1 NO. 0
\
(
STATUS }
REGISTE MEMORY
FRAME GRAB ADDRESS
170 »| and PRESET
POSITION ontro!
MEMORY Write Dot
CONTROL] ACCESS arlgd»:\coess
REGISTE . 4 i
No.5
ON-BOARD REFRESH
1/0 READ/WRITE| L ADDRERY
ENABLE
1/0 CRTC ¢
DECODE
I ON- BOARD
READ WRITE ASCESS
READ WRITE|«—l SIGNALS a a
LOGIC
oL = ONTRO ONTRO
CONTR AUX. X R DATA
REGISTER | [LIGHT FEN REGISYER | |RecisTER| |meciSten| |HEGISTER | |REGISTER | |ReGISTER

BRPLY

DAL@-DAL 15

BDAL@L- BDAL15L

STRAPS,

Q-BUS

Figure 3. QRGB-GRAPH block diagram
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QRGB-GRAPH FEATURES

Resolution:
Bits/Pixel:

Zoom:

Scroll:
Shift:

Pan:

Clipping:

Clear Display:

Preset Display:

Preset Mask:

Color Look-Up
Table:

Blink:

Video Mask:

Video
Parameters:

Video Outputs:

Light Pen:
Vector Plot:

Display RAM:

X, Y Pixel
Address:

DMA Pixel
Address:

Vectored
Interrupt:

512 x 512 standard, 1024 x 512 optional

1-4 bits/pixel, expandable to 16 bits/pixel
with additional QRGB-GRAPH boards.

Independent X-zoom by 1,2,3,4,5,6,7,8
Y-zoom by 1, 2, 4

Zoom works on any segment of the 512 x

512 display

Up/down scroll (vertical) by multiple of
8 pixels

Left/right (horizontal) by single or multiple
dots

Scroll and shift can be combined for full
two dimensional pan inside the 512 x 512
area

4096 x 4096 addressable area with hard-
ware clip to 512 x 512 for read/write and
display

Memory hardware clear to zero (black). All
pixels cleared in one frame (33 msec.)

Memory hardware preset to value (color)
in data register. All pixels preset in one
frame (33 msec.)

Clear/Preset control of each bit plane by
Plane Mask

An on-board color look-up table enables
the user to select the 16 displayed colors
from a palette of 256 shades. The ROM
table consists of 32 separate 4 line in/8
line out software selectable partitions. The
color look-up table also permits the imple-
mentation of various video effects, such
as: overlay, and animation

The QRGB-GRAPH display can be set to
blink to any of the 16 displayable colors.

The on-board color look-up table allows
video on/off control of each bit plane
through software

All video parameters including horizontal
and vertical syncs, blanking, frequency,
and display format are user software pro-
grammable to drive any direct or composite
B/W or color CRT monitor

Direct TTL video (4), composite 75Q
R.G.B. color signals and 16-level grey
scale signals are available

Detects true light pen position within one
pixel accuracy. Interface built-in

X-Y registers are auto-increment/
decrement

Up to 128K byte on-board memory. CPU
can read/write with 50ns (min.) and 1.2 us
(max.) access time/pixel. Memory looks like
262,144 x 4 RAM (single QRGB-GRAPH),
262,144 x 16 (four QRGB-GRAPHS)

Each pixel can be addressed via X, Y regis-
ters (12 bits each). Data registers contains
pixel color for read/write (I/0 addressing)

262,144 x 4 (8, 12, 16) display RAM can
be accessed in 256 byte blocks (block
base address in X, Y registers) in DMA
mode for image dumping (each pixel is
one memory address)

The QRGB-GRAPH can generate vectored
interrupts when either a light pen strobe
hasbeendetected, or when a Display Preset
command is completed. The interrupt vec-
tor, released by the QRGB-GRAPH, can
be strapped to point to a service routine
starting at any even word address in sys-
tem memory.

Q-bus Interface:

Access Time:

Video Bus:

The QRGB-GRAPH looks to the user like
8 word wide 1/0 locations. All commu-
nications including pixel read/write, video
functions, etc. are accomplished by /0
R/W (no DMA used). With DMA, 256 bytes
of additional memory address space is
used

500ns (max.) for any |/0 port; 50ns (min.)
— 1.2 us (max.) for DMA

50 pin connector provides video inputs
and outputs for expanded performance
using QRGB-ALPHA, QVAF-512 and
additional QRGB-GRAPH boards

ADDITIONAL ADD-ON FEATURES

QRGB-ALPHA
Alphanumerics:

QRGB-GRAPH
16 Bits/Pixel:

QVAF-512
Color Look-up:

Frame Grabber:

Color Frame
Grab:

External Sync:

Video Switcher:

Vector
Generator:

ACCESSORIES
CRT Monitors:

Light Pen:

Color alphanumeric displays can be added
by the QRGB-ALPHA board (synchronized
to the QRGB-GRAPH). Formats of up to
132 characters/line and up to 48 lines are
user software programmable

By connecting additional QRGB-GRAPH
boards (max. 4) up to 16 bits/pixel can
be obtained (each QRGB-GRAPH adds
4 bits/pixel)

RAM video look-up table increases the
number of displayable colors to 224 =
16,772,216. CPU can read/write look-up
table

Real-time frame grabber digitizes TV
camera outputs with 4 or 8 bits/pixel
resolution. Spatial resolution is 512 x 512
or 512 x 256. Single frame grab or contin-
uous frame grab under software control

By connecting R.G.B. outputs from a TV
camera to the video switcher and grabbing
each channel separately, a color picture
can be digitized

Built-in phase-lock loop synchronizes the
QRGB-GRAPH to an external composite
sync (serrated) for broadcast and mixing
applications

Four-input video switcher enables the
user to digitize four separate TV camera
inputs under software control

On-board hardware vector generator with
drawing speed of 800nsec/pixel. Vector
length, slope, and texture are user
defined.

Matrox supplies a full line of 9" and 14"
monochrome monitors, as well as 12"/,
14", and 19" high resolution (.3mm pitch)
color monitors for interlaced and non-
interlaced operations

High speed light pen (LP-600)

SOFTWARE SUPPORT

QUARTO:

The QUARTO software package includes
a set of high level primitives (subroutines),
similiar to those found in the CORE stand-
ard, and low level operations allowing
access to all of the features on the QRGB-
GRAPH card.
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Figure 4. QRGB-GRAPH functional blocks
FUNCTIONAL DESCRIPTION

The QRGB-GRAPH is a very complex digital graphics sys-
tem on a single 10.45" x 8.43” PC board (figure 3). It
consists of six main functional blocks (figure 4): CRT
Controller, Video Generator, Color Look-Up Table, Display
RAM, XY Registers, Timing and Control Unit, and Q-bus
Interface.

The CRT Controller (CRTC) is-a VLSI IC which provides all
video timing signals including horizontal and vertical sync
and blanking, display refresh RAM addresses, as well as var-
ious other timing and control signals such as cursor, light
pen interface, etc. The CRT Controller is software program-
mable allowing the user to program parameters such as ver-
tical refresh frequency, width and position of horizontal and
vertical sync pulses (important when using non-standard
CRT monitors), display resolution, etc. To the host CPU,
the CRTC appears as an array of 18 registers which are in-
directly addressed via two 1/0 ports.

The Display Refresh Memory is made up of 128K bytes of
on-board dynamic RAM (for 512 x 512 x 4 resolution) which
contains the binary picture information. Each pixel is identi-
fied by a unique address in the 262,144 address space (5612
x 512). Each address contains 4 data bits which represent
the pixel color. The memory is organized as four independ-
ent “‘planes”, each containing one data bit (512 x 512 x 1).
The display memory can be expanded to 16 planes through
the combination of three additional QRGB-GRAPH boards.

The CPU can read/write the display RAM in one of two
ways. In the XY mode the CPU loads the X and Y registers
with the pixel address and then reads/writes the pixel color
information through the Data Register. This mode is nor-
mally used when drawing graphics point by point. For high
speed read/write operations the CPU can access the
refresh memory in DMA mode. The display memory is
accessed in 256 byte blocks with the starting address of
the desired block loaded into the X and Y registers before
executing DMA. This mode is usually used when transfer-
ring complete images from/to mass storage devices
(floppy, Winchester, etc.) or for hard copies.

In addition to the CPU read/write, the display memory is
continually scanned by the CRTC every 16.66ms (60 Hz) to
generate video signals or, in the frame grabbing mode, to
load digitized TV camera images into memory at speeds of
over 100 Megabits/second. Memory access arbitration
circuitry on the QRGB-GRAPH efficiently resolves any con-

tention problems between read/write requests and CRT
refresh requests in such a way that the display refresh is
‘“transparent’ to the user.

The X-Y Registers are 12 bit up/down counter/latches with
associated logic containing the address of the pixel being
accessed by the graphics cursor (4096 x 4096 addressable
area) as shown in figure 5. The CPU can load the X and Y
Registers, through programmed |/0, with the pixel’'s abso-
lute position. Two 8 bit ports are used for each Register. If
the contents of either the X or Y Registers exceed the max-
imum resolution (i.e. X > 512, Y > 512) the Clip Circuit will
prevent CPU read/write.

For high speed relative drawings, the vector plot feature
can be used. By writing into the Vector Register the drawing
direction (4 bits), the X and Y Registers are automatically
incremented/decremented (figure 6).

The vector register can be interfaced with the hardware

vector generator contained on the QVAF-512 board. The
QVAF vector generator generates + AX, + AY increment/

Y

1000

0101 1001

0100 #om
-X T +X
0110 ?' 0101
0010
-Y

Figure 6. Vector step direction
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Figure 5. X-Y Registers

decrement pulses when drawing vectors, circles, etc. at the
speed of 800ns/pixel. The vector plot function can also be
used for drawing pictures without tying up the system bus
in multiprocessor applications by connecting the + AX,
+ AY inputs to the I/0 ports of the CPU board.

The X, Y Registers are also used in the DMA mode for auto-
incrementing the RAM address within the 256 byte DMA
block.

The Video Generator performs three basic functions: con-
version of digital data from the refresh RAM into the proper
video signals to drive B/W and color monitors, conversion
of digital video data from a frame grabber into a format re-
quired to write the data into the refresh RAM at video
speeds, and the performance of various other video proc-
essing functions in hardware (zoom, scroll, clipping, etc.).
The Video Generator (Video Input/Output Processor) is
shown in figure 7.

Data is read from the display RAM as 4 consecutive pixels
at one time for each plane (for refresh each plane looks like
512 rows x 128 strings/row x 4 1-bit pixels/string). This
4 pixel data is loaded into a shift register and then shifted
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Figure 7. QRGB-GRAPH Video Generator
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out at the video clock speed (10 MHz for 512 x 512 resalu-
tion) to produce a serial TTL signal for each plane (four in
total). These digital video signals are then used to address
the on-board ROM Color Look-Up Table.

The Color Look-Up Table is contained in a 512 byte ROM,
which is electrically divided into 32 16-byte blocks. Each
block represents a separate 4 line in/8 line out (256 shade)
color map, any of which can be selected by the user under
software control (figure 8). Each ‘“‘color map” is further di-
vided into 16 locations, with each location being addressed
by the four data bits from the QRGB-GRAPH display re-
fresh memory (one bit from each memory plane). A blink bit
can be ANDed with the most significant of these data bits
to enable the user to blink the display between colors.

The major advantage of the on-board Color Look-Up Table
is it’s flexibility. By switching between color maps, the user
can implement a wide range of video effects such as over-
lay and animation. The QRGB-GRAPH is supplied with a
pre-programmed Color Look-Up Table in PROM, which is
supported by the Matrox graphics software package
QUARTO.
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Figure 8. Color Look-Up Table

The Color Look-Up Table releases 8 bits of video data per
pixel. This video information is fed to a series of D/A con-
verters where a composite sync signal is combined with the
outputs of the D/A converters to provide composite R, G,
and B drives. Each color output is intensity controlied, with
both red and green having 8 intensity levels (3 bits/pixel)
and the blue output having 4 intensity levels (2 bits/pixel).
Alternatively, four of the eight data bits (one red, one blue,
and two green) can be fed to a 4-bit D/A converter which is
combined with the composite sync signal for 16-level com-
posite grey scale video signals (759 impedance) to drive
monochrome monitors or hardcopy devices. R, G, B TTL
signals are also provided for driving direct input CRT mon-
itors and, via the Matrox video bus, for interfacing with
video signals from a QRGB-ALPHA, an additional QRGB-
GRAPH, or a QVAF-512 board.

While operating in the frame grabbing mode, the video sig-
nals from a TV camera via the QVAF-512 board are fed,
through a phase lock loop (synchronizes the QRGB-GRAPH
timing to that of the external sync), to an 8-bit 10 MHz
A/D converter. The digitized video data is then serially input
to a 4-bit shift register from where it is written to the display
refresh memory. Note that this is exactly opposite to the
generation of video signals during the read operation. Both
the read and write video operations are synchronized so
that the QRGB-GRAPH can operate in a continuous frame
grabbing mode (write new pixel data after previous pixel is
read).

Various hardware video functions are performed in different
sections of the QRGB-GRAPH board rather than at one
place. Video masking, overlay, and D/A conversion are per-
formed in the Video Generator section. Vector plotting and
clipping are done through the X, Y Registers, X-zoom, shift,
screen clear, and selected plane clear are done in the
Timing and Control Unit, and scroll, Y-zoom, user program-
mable video parameters and light pen interface are handled
by the CRT Controller chip.

The Timing and Control Unit generates timing signals for
the CRTC as well as all signals required by the display re-
fresh memory (figure 9). It consists of the main oscillator
(X-TAL = 10 MHz), variable modulo counters (divide by 1-8)
which are controlled by the X-zoom factor to produce the
appropriate load and shift signals for the display and a di-
vide by 16 counter which, with a timing PROM, generates a
series of timing signals for the memory refresh (RAS, CAS).

]

—
|' __CJ: BLINK
! COLOR SELECT 3
: [ COLOR SELECT 2
! COLOR SELECT |
: — COLOR SELECT 0

—

1 SELECT 1 OF 16 COLORS

WITHIN THE COLOR MAP

The Q-bus* Interface contains the logic required to inter-
face the QRGB-GRAPH to the DEC LSI-11 Q-bus*. The
QRGB-GRAPH looks like 8 consecutive 16-bit wide 1/0 lo-
cations strapped to any 16 address boundary. The CPU
communicates with the QRGB-GRAPH by reading or writ-
ing into these 1/0 registers. The only exception is when the
board is used in DMA mode. Then the display memory
looks to the CPU like a 256 byte block of RAM (4, 8, 12, or
16 bits wide for 1, 2, 3, or 4 QRGB-GRAPH cards). The start-
ing address of the 256 byte block can be positioned any-
where in the LSI-11 system |/0O address space.

D 10.000MHz
[ MASTER | RAM
OSCILLATOR ——» CAS
\ X PROM T
+16 | l(RAM TIMING)| |

SLAVE .
——
EXT.CLOCK

-1

X-ZOOM FACTOR ya > to
+8

COUNTERS

T0
MEMORY

LOAD PIXELS

SHIFT PIXELS

Figure 9. Timing and Control Unit

DISPLAY SYSTEM CONFIGURATIONS

The Matrox family of advanced color graphics boards;
which including the QRGB-GRAPH, QRGB-ALPHA and
QVAF-512 offer the OEM system designer the unique capa-
bility to design a powerful optimal graphics system with
equal or even superior performance to turn-key graphics
systems, at a lower cost. Furthermore, by using general
purpose OEM boards, the user can add CPUs, memory disk
interface, etc. The software support package, which is sup-
plied in the form of a graphics primitives library, further
simplifies design of a custom graphics system. Hardware ex-
pansion capabilities allow extra display functions to be
added by simply plugging in additional boards (more bits/
pixel, higher speed, frame grabbing, etc.).
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SINGLE BOARD DISPLAY SYSTEM

Using a single QRGB-GRAPH board provides for a versatile
graphics system that can be used in many display appli-
cations from B/W to color.

BITS/ PART
RESOLUTION| PIXEL NUMBER APPLICATION

512 x 512 1 QRGB-G/64/1 B/W display systems

512 x 512 4 QRGB-G/64/4 Grey scale or color
display system

1024 x 512 2 QRGB-G/64/4 High res. B/W, one bit

for graphics and one bit
for alphanumerics

Table 1: Examples of display systems using single QRGB-GRAPH
ADDING MORE BITS/PIXEL

Up to four QRGB-GRAPH boards can be synchronized to-
gether via the video bus (single 50 pin ribbon cable) for up
to 16 bits/pixel. Each QRGB-GRAPH adds up to 4 bits/pixel.

ADDING ALPHANUMERICS

Alphanumerics can be added to the graphics in three ways.
The simplest way is to write alphanumerics, pixel by pixel,
from a table stored in RAM or ROM. This offers flexibility in
character size, color, position, and font but interferes with
the graphics display. The second way is to use one of the
bit planes on the QRGB-GRAPH exclusively for alphanumer-
ics and overlay it with the graphics planes. The use of a
separate alphanumerics and overlay it with the graphics
planes. The use of a separate alphanumerics board (QRGB-
ALPHA) offers the highest speed. QRGB-GRAPH and

QRGB-ALPHA are synchronized via the video bus con-
nector. The alphanumeric format (character/line x lines) is
user programmable. Video signals can be ORed (on the
QRGB-ALPHA) or mixed together via a color look-up table
(via the QVAF-512).

QVAF-512

The addition of a QVAF-512 board enables the QRGB-
GRAPH system to digitize a real-time B/W or color video
signal from a TV camera or VCR with 4 or 8 bits/pixel. Also,
a high speed look-up table on the QVAF-512 expands the
number of displayable colors to over 16 million. The QVAF-
512 can also be used for video mixing, animation, etc. A
high speed hardware vector generator executes high level
graphics commands at 800ns/pixel. The QVAF-512 is syn-
chronized via the video bus and it works in 256 x 256, 512 x
256 and 512 x 512 resolution.
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SPECIFICATIONS

FUNCTIONAL

MEMORY ACCESS TIME

CRTC Data, CRTC Address, CRTC Status, and Vector Register access time is fixed to 500ns.
Access time to all other locations (including DMA) varies from 50ns to 1.2 us depending if an internal cycle is in
progress at time of access.

DISPLAY PARAMETERS

RESOLUTION | RAM TYPE
512x 512 x 1 64K
512x512x 4 64K

1024 x 512 x 2 64K

VIDEO TIMING

For a display format of 512 horizontal dots x 512 vertical dots on a monitor with a 51.2 us active video time
a 10.000 MHz crystal is used. The following table gives the timing in both American and European standards.

SIGNAL | AMERICAN | EUROPEAN

Active Video 51.2 s 51.2 us

Horizontal Sync Frequency 15.82 KHz 15.82 KHz

Horizontal Sync Width 4.80 us 4.80 us

Vertical Sync Frequency 62.2 Hz 51.2 Hz

Vertical Sync Width 189.6 us 189.6 us

INPUT SIGNALS OUTPUT SIGNAL

Light-pen Enable TTL Level Video: TTL level Red Analog Video: Red

Light-pen Strobe TTL level Green0 Green (composite)
TTL level Green 1 Blue
TTL level Blue Grey Scale (composite)

Vertical Drive
Horizontal Drive

BUS INTERFACE

Address, data and control signals conform to DEC LSI-11 Bus specifications.

Command and Status Registers — Selectable on 16 byte memory address boundaries 760 0008 — 777 7778 (164 4008)
Display Refresh Memory (DMA only) — Selectable on 256 byte memory address boundaries 760 0008 — 777 7778 (164 000s)
Interrupt Vector Address — Selectable on any even word address — (4008)

CONNECTORS
DESCRIPTION MATING CONNECTOR
éz gg pin edge connector, 0. 125" centers,
: pin edge connector, 0.125" centers, . .
C: 36 pin edge connector, 0.125” centers, LSI-11 Bus interface DEC H8030 (2 required)
D: 36 pin edge connector, 0.125 centers,
J1: 10 pin right angle header, Analog video outputs AMP 87922-1
J2: 10 pin right angle header, TTL video outputs AMP 87922-1
J3: 50 pin right angle header, Matrox video bus Molex 15-25-4505
J4: 10 pin right angle header, Keyboard and lightpen interface AMP 87922-1
PHYSICAL
SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS
Width — 10.45 in. (26.54cm) +5VDC +5% @2A Operating Temperature: O°C to 55°C
Height — 8.43 in. (21.41cm) Relative Humidity: 0% to 95% non-condensing

Depth — 0.50 in. (1.27cm)

ORDERING INFORMATION

QRGB-G 7/ 64 / X
Number of bits/pixel (1/4)

Example: QRGB-G/64/4: 512 x 512 color graphics controller with four bit planes

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no m
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

LSI-11, Q-BUS and DEC are registered trads ks of Digital i Corp.
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5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

QRGB-GRAPH VIDEO INPUT/OUTPUT PROCESSOR FOR LSI-11 Q-BUS

® Real Time Video Frame Grabber e Hardware Vector Generator
— 4 or8bitA/D — High speed line drawing (800ns/pixel)
— 4 input video switch — Length, slope, and texture control

— Programmable clamping and gain

— Internal/external, block/serrated sync ® LSI-11 Q-Bus* Compatible

L b s i b s e Works With QRGB-GRAPH Board

e o Ml e © QRGB-ALPHA Overlay Compatibilit
— 10 input lines/24 output lines QRG veriay P y
— Three 8 bit D/A converters (R,G,B) e American/European Operation

— 16 million color palette
— Blink and overlay control

The QVAF-512 is a video 1/0 processor board designed to extend the performance of the Matrox
QRGB-GRAPH video controller. The QVAF-512 has three main subsections: a real time video digiti-
zer (frame grabber), a color look-up table, and a high speed vector generator. The video A/D
converter provides real time grey scale digitizing, of a camera, videodisk, or VCR signal (4 or 8 bits/
pixel), into one or two QRGB-GRAPH frame buffers. The color look-up table provides a palette of
over 16 million output shades and colors. The look-up table can accomodate one or two
QRGB-GRAPH boards and a QRGB-ALPHA. The on-board vector generator provides high speed
line drawings (800ns/pixel). The length, slope, and texture of the displayed lines are all software
controlled.

The QVAF-512 plugs into any standard LSI-11 Q-bus backplane and interfaces to the
QRGB-GRAPH/QRGB-ALPHA via a single 50-pin ribbon cable. The board will operate in either
American or European standard systems.

AUGUST 1982 MATROX products covered by Canadian and foreign patent and/or patent pending.
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Figure 1. QVAF-512 block diagram
QVAF-512 FEATURES

FRAME GRABBER

High Speed A/D
Converter:

4 Input Video
Switch:

Color Frame
Grabbing:

Software
Controlled:
Gain and Offset:

Programmable
Sync:

The QVAF-512 contains an on-board
10 MHz A/D converter for real-time frame
grabbing applications. Images can be digi-
tized to either 4 or 8 bits/pixel.

Up to four different analog video inputs
can be accepted by the QVAF-512. Each
video source can be individually selected
for frame grabbing under software control.

By connecting the R,G,B outputs from a
color video camera to separate inputs on
the video switcher, and then grabbing
each channel separately, a color picture
can be digitized.

The QVAF-512 Frame Grabber enables the
user to introduce a software program-
mable gain and/or offset to the input
video signal. This feature enables the user
to concentrate the digitizing operation on
that part of the input signal which con-
tains most of the video information —
effectively increasing the contrast.

Under software control the QVAF-512 can
be programmed to lock to either block or
serrated sync. Sync signals can be gener-
ated on-board, or stripped from the input
video signal for broadcast and video mix-
ing applications.

VECTOR GENERATOR

High Speed Line
Drawings:

Vector Texture
Control:

Vectors can be drawn to the graphics dis-
play, via the QVAF-512 hardware Vector
Generator, at speeds that are 20 to 40
times faster than conventional software
vector generation techniques.

The texture of the displayed vectors (dot-
ted, dashed, solid, etc.) can be program-

med by the user through an on-board 16
bit Texture Register. Up to 65,000 differ-
ent texture patterns can be defined.

COLOR LOOK-UP TABLE

Programmable
Colors:

Overlay:

Blink:

Q-Bus
Interface:

ACCESS TIME:

VIDEO-BUS:

The QVAF=512 Color Look-Up Table allows
the user to select the available display
colors from over 16 million possible
shades. Up to 16 colors can be displayed
with systems using one QRGB-GRAPH
board, and 256 colors can be displayed
using two QRGB-GRAPH boards.

Alphanumeric characters (from the
QRGB-ALPHA) can be overlayed on the
graphics display through the Color Look-
Up Table. When characters are to be over-
layed on the display, the 4 bits from the
QRGB-ALPHA board will replace the four
most significant graphics bits on the look-
up table address lines.

The graphics display can be set to blink
between any of the available display
colors. The QVAF-512 can also be
programmed to blink only the overlayed
alphanumeric characters. The blink
frequency can be software selected for
1.8 Hz or 3.75 Hz.

The QVAF-512 looks to the user like 7 con-
secutive 1/0 locations. All commu-
nications between the host CPU and the
QVAF-512 (including read/write oper-
ations to the Color Look-Up Table) are
accomplished via 1/0 read/write.

Time from CMD/to BRPLY/ for all regis-
ters is less than 50ns.

A 50 pin connector provides all the video
input and output lines required to
interface the QVAF-512 with up to two
QRGB-GRAPH boards and one QRGB-
ALPHA board.
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Figure 2. QVAF-512 functional blocks
FUNCTIONAL DESCRIPTION

The QVAF-512 has been designed to complement the oper-
ation of Matrox’s QRGB-GRAPH/QRGB-ALPHA family of
color video controllers. The QVAF-512 comprises three
independent operational sections (figure 2) contained on a
single Q-bus compatible PC board.

The on-board Hardware Vector Generator provides an
efficient means of drawing vectors to the QRGB-GRAPH
display memory. Three parameters are required to specify a
line draw operation; length, slope, and texture. The 10 bit
Length Register stores the length of the larger of the two
components ( AX, AY). This permits vectors of up to 1024
pixels to be drawn with a single software Write command. A
10 bit Slope Register stores, with single pixel precision, the
tan6 where 6 is an angle between 0° and 45°. Three bits in
the Start Register define the proper octant. The Vector
Generator circuit calculates the X and Y addressing, as re-
quired by the QRGB-GRAPH, on a pixel by pixel basis until
the full vector has been drawn. A Busy Flag in the Status
Register or a hardware interrupt can be used to indicate
completion.

noﬂ

001

OCTANT

The texture of the displayed vector is stored in a 16 bit Tex-
ture Register. The contents of the Texture Register defines
a 16 bit repeating pattern of pixel information (figure 4). In
this way solid, dotted, dashed, and hidden vectors can be
drawn. Note that the Data Register on the QRGB-GRAPH
board is used to set the color of the vector.

The hardware Vector Generator operates with a drawing
speed of 800ns/pixel. This represents an increase of about
20 to 40 times the conventional drawing speeds acheived
by software vector generation.

The QVAF-512 Frame Grabber enables the user to digitize a
frame of video information (from an external video camera,
VCR or video disk), with either 4 or 8 bits per pixel, and
store that frame in the QRGB-GRAPH display memory
(512 x 512 x 4 bits per GRAPH board). Using commands
issued by the QRGB-GRAPH, this frame grabbing operation
can be continuous (QRGB-GRAPH will display a continually
updated or “‘live” picture) or one shot, effectively “freezing”
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Figure 4. Defining the “Texture” pattern for the displayed vectors

the action. Up to four video cameras can be interfaced to
the QVAF-512 through an on-board four input video
switcher which permits software selection between the four
video sources.

-

GAIN CONTROL

Incorporated into the design of the frame grabber is a
Phase-Lock Loop circuit (PLL). The PLL uses the sync
signal stripped from the input video signal as a reference
frequency to which it synchronizes the rest of the system
(QRGB-GRAPH/QRGB-ALPHA). If required, an on-board
sync generator (strappable for American EIA or European
CCIR standard sync) can be software-selected to act as a
master sync source for both the video display boards and
the video source. The PLL can also be programmed to ac-
cept either block or serrated sync.

The QVAF-512's frame grabber provides software control
over the gain of the input signal. This feature, together with
a software-variable voltage offset (clamping level) on the in-
put, allows the user to take advantage of the full digitizing
range of the A/D converter for a given input signal ampli-
tude. This technique can be used to concentrate the oper-
ation of the A/D converter on that part of the input signal
that contains the most video information, in effect increas-
ing the contrast of the image. There are sixteen different
levels of gain and sixteen different levels of offset.

The QVAF-512 Color Look-Up Table is made up of three
1K x 8 RAM look-up tables (one for each primary color: red,
green,and blue), each of which are divided into four 256
byte sections: Normal, Overlay, Blink, and Blink And Over-
lay. These Color Look-Up Table provide the QRGB-GRAPH
with a color palette of over 16 million colors. To display a

OFFSET CONTROL VIDEO
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Figure 6. Frame Grabber
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desired color at a certain pixel location, the user simply
loads that color’'s look-up table address into the QRGB-
GRAPH display memory location corresponding to the pixel
position. The contents of the look-up table can be changed
at any time. A single QRGB-GRAPH board (4 bits) can
address 16 different locations in the look-up table. Two
QRGB-GRAPH boards (8 bits) can address up to 256 loca-
tions in the look-up table. Additionally, the Color Look-Up
Table is sectored into four 256 byte blocks (figure 5) in
order to allow separate color mappings for overlayed
alphanumerics and for blinking. The blink rate is software
selectable to be either 1.8 Hz or 3.75 Hz.

When an QRGB-ALPHA is interfaced to the QVAF-512 the
four bits from the alpha board replace 4 of the 8 graphic
bits in addressing the Color Look-Up Table. When at least
one of these bits is high (alphanumeric data is to be dis-
played) access to the look-up table is shifted to the Overlay
section which contains its own color map. As a result,
alphanumeric text from the QRGB-ALPHA can be super-
imposed (overlayed) on the graphics background. The user
can also program the QVAF-512 to blink the alphanumeric
characters between the colors defined in the Overlay and
Overlay And Blink sections of the look-up table (similar to
blinking graphics pixels between the Normal and Blinking
sections). This method of generating blinking characters is
very flexible as it allows characters to blink to colors other
than their background color.

COMPOSITE VIDEO
OuTPUT

G B

MATROX VIDEO BUS

The QVAF-512 is interfaced to the QRGB-GRAPH and
QRGB-ALPHA boards by way of a 50-pin Matrox Video Bus.
Digitized video data as well as AX and AY increment/
decrement strobes are bussed from the QVAF-512 to the
QRGB-GRAPH. The Video Bus also carries the 4 TTL video
bits from each of the QRGB-GRAPHs and the QRGB-
ALPHA boards for color look-up on the QVAF-512.

BUS INTERFACE

The QVAF-512 plugs directly into the LSI-11 Q-Bus. The
seven Command and Status Registers are positioned on
any 8 word I/0 address boundary between 760 0008 and
777 7778

PROGRAMMING

The QVAF-512 is programmed via seven on-board |/0
registers. On power-up or reset all control registers must
be loaded with the QVAF-512's operational parameters
(table 1).

REGISTER ADDRESS DEFINITION

TEXTURE REGISTER BASE + 0 16 bit vector texture pattern

VECTOR LENGTH REGISTER BASE + 2 10 bit vector length

GAIN/OFFSET/MODE BASE + 4 Select gain/Select offset/Select input video to frame

REGISTER grabber/Enable on-board sync generator/Select block
sync/Enable overlay/Enable blink frequency/Enable blink

VECTOR REGISTER BASE + 6 10 bit vector slope/Complement Texture Register/Vector
slope < 45/vector quadrant

STATUS REGISTER BASE + 10 QVAF-512 status

ADDRESS REGISTER BASE + 12 10 bit look-up table address/Select look-up table

DATA PORT BASE + 14 Read/write data to the selected look-up table

Table 1. Register Definitions
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DISPLAY SYSTEM CONFIGURATIONS

The Matrox family of advanced color video boards, which
include the QVAF-512, QRGB-GRAPH, and QRGB-ALPHA,
offer the OEM system designer a unique capability to de-
sign a powerful optimal graphics system with the equal or
even superior performance of a turn-key graphics system —
at a lower cost. Furthermore, by using general purpose
OEM boards, the user can add CPUs, memory disk inter-
faces, etc. to configure his system to his exact require-
ments. Software support, in the form of a graphics primitive
library, further simplifies design of the custom video sys-
tems. Hardware upward capability enables adding extra dis-
play functions by simply plugging in additional boards
(more bits/pixel, higher speed, alphanumeric overlay, etc).

4 BIT/PIXEL IMAGING SYSTEM

Combining the QVAF-512 with a single QRGB-GRAPH
(figure 8) yields a video imaging system using 4 bits/pixel.
Whole frames of video picture information with up to
16 color or grey levels can be digitized and stored in the
display memory of the QRGB-GRAPH.

8 BIT/PIXEL Imaging system

Adding another QRGB-GRAPH graphics controller to the
system (figure 9) doubles the number of bit planes to eight.
This enables the system to store and display images with a
resolution of 512 x 512 dots using up to 256 colors or grey
levels.

An alphanumerics overlay can also be added to the graph-
ics display by plugging in a QRGB-ALPHA alphanumerics
controller to the system.

I MATROX VIDEO BUS {0
FRAME TIMING  GRAPHICS ALPHA FRAME TIMING _ TTL VIDEO FRAME TIMING  TTL VIDEO TIMING TTL VIDEO
GRAB SIGNALS INPUT  INPUT GRAB SIGNALS OUTPUT GRAB SIGNALS OUTPUT SIGNALS ouTPUT
0-7 0-7 0-3 0-3 0-3 4-7 4-7 0-3
QVAF-512 QRGB-GRAPH QRGB-GRAPH QRGB - ALPHA

Q-BUS

Figure 9. 512 x 512 x 8 video imaging system with alphanumerics overlay
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FUNCTIONAL

OPERATIONAL PARAMETERS
VECTOR GENERATOR
DESCRIPTION

SPECIFICATIONS

RESTRICTIONS

Drawing Speed
Vector Texture

FRAME GRABBER
DESCRIPTION

800ns/pixel (512 x 512 resolution)
65,000 texture patterns (software selectable)

RESTRICTIONS

Spatial Resolution
Video Inputs
Sync

Bits/pixel

Offset

Gain

COLOR LOOK-UP TABLE
DESCRIPTION

512 x 512 max.

4 analog video inputs (software switchable)

Internal/external, block/serrated (software selectable)

4 or 8 bits

16 increments from Black level to nominal mid-range (software selectable)
16 increments from 0.7 to 1.9 of nominal (software selectable)

RESTRICTIONS

Palette Size

Addressable Colors

Blink Rate

INPUT SIGNALS

ANALOG INPUTS: Camera 0
Camera 1
Camera 2
Camera 3

OUTPUT SIGNALS

224 = 16,777,216 colors
16 colors (1 x QRGB-GRAPH)/256 colors (2 x QRGB-GRAPH)
1.8 Hz/3.75 Hz (software selectable)

TTL LEVEL INPUTS:  4/8 graphics bits
4 overlay bits
HSYNC/

BUSY/

ANALOG OUTPUTS: Composite Video (RED) TTL LEVEL OUTPUTS:
Composite Video (BLUE)

Composite Video (GREEN)

BUS INTERFACE

8 Video Bits

System Clock

+ AX, £ AY

V. Reset
Composite Sync
Horizontal Sync
Vertical Sync
Composite Blanking

Address, data, and control signals conform to DEC LSI-11 Q-bus specifications.
Command and Status Registers — Selectable on any 8 word |1/0 address boundaries 760 0008 - 777 7778

CONNECTORS
DESCRIPTION

MATING CONNECTOR

A: 36 pin edge connector, 0.125 centers
B: 36 pin edge connector, 0.125" centers
C: 36 pin edge connector, 0.125" centers
D: 36 pin edge connector, 0.125" centers
J1: 10 pin right angle header
J2: 10 pin right angle header

LSI-11 Bus interface

— Composite Video Output
— Analog Video Input
— Sync Output to Camera

J3: 50 pin right angle header — Matrox Video Bus

PHYSICAL

SIZE POWER REQUIREMENTS
WIDTH: 10.45 in. (26.54 cm) +5V DC +5% @ 3.2A
HEIGHT: 8.43 in. (21.41 cm) +12V DC +5% @ 120mA

DEPTH: 0.50in. ( 1.27 cm) —12VDC +5% @

DEC H8030 (2 required)

AMP 87922-1
AMP 87922-1

MOLEX 15-25-4505

ENVIRONMENTAL REQUIREMENTS

Operating Temperature: O°C to 55°C
Relative Humidity: 0% to 90% non-condensing

0.95A (QVAF-512/8)*

—12V DC +5% @ 0.55A (QVAF-512/4)*

ORDERING INFORMATION
QVAF-512/X-XX

fAS — American standard (60Hz)
]ES — European standard (50Hz)

Number of bits per pixel (4/8)

Example: QVAF-512/8-AS: American standard board with a 8 bit/pixel A/D converter (frame grabber).

*The —12V power supply is not installed on all DEC systems.

217




Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.
LSI-11, Q-bus, and DEC are all

g ks of Digital E Corp.
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&
@R Mttone tiams 1t QRGB-ALPHA

5800 ANDOVER AVE., T M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

PROGRAMMABLE COLOR ALPHANUMERIC DISPLAY CONTROLLER FOR LSI-11 Q-BUS

e User Programmed Display Format e Keyboard Interface

e Up to 4000 Characters e Light Pen Interface

e 8 Display Colors e RAM and EPROM Character Generator
e Blink ® Transparent Memory

e Double Height Characters e 50 or 60 Hz Operation

e Underline e Drives any RGB Color Monitor

e Addressable Cursor e Works with 16-bit and 18-bit addressing

e LSI-11 Q-Bus* Compatible

The QRGB-ALPHA is an LSI-11 compatible, color video display controller card which allows the display
(characters/line x lines/page) and character formats (5 x 7, 7 x 9, etc.) to be set by programmed
1/0 commands. Each character is displayed in 1 of 8 foreground colors on 1 of 8 background colors.
Characters may be either single or double height and either normal, blinking at 2 Hz or underlined.

The character font provided with the QRGB-ALPHA contains 128 — 5 x 7 dot upper/lower case
alphanumeric characters and graphics symbols. By adding a second character generator
ROM/RAM, 128 additional symbols may be defined. When using a RAM character generator, the
character font may be rewritten at any time by the system processor.

The QRGB-ALPHA works with all monochrome and color (RGB) video monitors in Europe (50 Hz)
and America (60 Hz). Interfaces for a high-speed light pen and an 8-bit parallel keyboard are also
provided.

APRIL 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. DS-202-01
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Figure 1. QRGB-ALPHA block diagram

FUNCTIONAL DESCRIPTION
The block diagram, Figure 1, shows the major functional components of the QRGB-ALPHA.

CRT CONTROLLER

In the design of the QRGB-ALPHA, the 6845 CRT controller replaces many of the SSI/MSI components used in older
designs and provides the QRGB-ALPHA with features previously found only in the most expensive equipment. All dis-
play parameters are now user specified and displays can be configured to have virtually any combination of rows and
columns up to a maximum of 4000 characters. In addition, the character cell size is variable and accommodates all
commonly used character font sizes (6 x 7, 7 x 9, etc.).

DISPLAY MEMORY

Each character position on the CRT screen corresponds to a pair of locations in the display refresh memory. The 8K
byte display refresh memory can be fully memory mapped, or addressed through a 256 byte “‘window’’. In this way the
QRGB-ALPHA can be memory-mapped without requiring a large overhead in system address space. The processor can
read or write the display memory at full speed using all memory reference instructions (Ta<<1052ns). All accesses to the

memory are ‘‘transparent’. The processor can read or write the refresh memory at any time, and the display is free of
“‘glitches’.

When a character is to be displayed, its Character Code and Attribute Code are written into the appropriate display
memory locations. The display is “‘scrolled’’ up or down by rewriting the contents of the Display Start Address Register.

r Number of i Total
Number of i [ Cl
[ 1

Maximum
Scan
2 & Lines

c

Horizontal
Retrace
L Period

Display Period

Number of Vertical Total Ci

(— Number of Vertical

Vertical Retrace Period

Total Scan Line Adjust

DISPLAY PARAMETERS
Figure 2. QRGB-ALPHA display parameters
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As supplied, the Character and Attribute Memories are mapped into 256 bytes of system address space and are
enabled/disabled through programmed I/0 commands. The full display refresh memory, (8K bytes), is accessed by
mapping the 256 byte system memory “‘window” into one of thirty-two, 256 byte, blocks. Block selection is determined
by the Window Address Register. A Unified Memory Mode is also provided: when operating in the Unified Memory
Mode all of the display refresh memory stores Characters Codes. Only 1 attribute is permitted. All of the 8000 charac-
ters can be viewed by ‘‘scrolling”’ the display up or down.

CHARACTER GENERATOR

Two 24-pin DIP sockets accept up to 4k bytes of ROM/EPROM/RAM thereby permitting up to 256 different characters
and symbols to be defined. When using a RAM character generator, the character font may be rewritten at any time by the
processor. Read/write access to the character generator is enabled/disabled through programmed I/O commands.

As supplied, the QRGB-ALPHA contains the Matrox MCH-01 character generator ROM (128 - 5 x 7 dot upper/lower
case alphanumeric characters and graphic symbols). Other devices that may be used include TMS2516 (EPROM) and
TMS4016 (RAM). Note that ta<<450ns for displays having up to 80 characters/line and ta<<350ns for-displays having up
to 132 characters/line.

ATTRIBUTES

Each character can be specified to be 1 of 8 foreground colors on 1 of 8 background colors. On an RGB monitor, the
displayed colors are red, green, blue, cyan, magenta, yellow, black, and white. Characters may be either single or
double height with character foreground and/or background normal or blinking at 2 Hz. Additionally, characters may
be underlined or hidden (stored in display memory but not displayed).

CURSOR

An independently addressable cursor is provided. The Cursor Start and End Registers specify the scan lines in a
character cell that are inverted to produce the cursor symbol. The position of the cursor on the screen is determined
by the contents of the Cursor Register. The cursor blink rate is set to either 2 or 4 Hz.

LIGHT PEN

User-display interaction is possible through the use of a high-speed light pen. When the user points the pen at an
illuminated spot on the CRT screen, the CRT loads the screen coordinates in to the Light Pen Register. The pen posi-
tion may then be read by the processor. Note that the light pen can be used only with monitors having short
persistence phosphors.

KEYBOARD INTERFACE
An 8-bit parallel keyboard interface is also provided. When a key is pressed, an interrupt flag is set in the Keyboard
Status Register. The processor can read the keyboard data from the Keyboard Data Register.

MATROX VIDEO BUS

The QRGB-ALPHA may be ‘“‘slaved” to the QRGB-GRAPH color graphic display controller card to provide a high-
resolution graphics system with color alphanumeric overlay. All video and sync. signals required to ‘“slave’ the cards
are bussed over the MATROX VIDEO BUS.

BUS INTERFACE

The QRGB-ALPHA plugs directly into the LSI-11 Q-bus and works with 16-bit processors using byte wide data trans-
fers. The eight Command and Status Registers are positioned on any 8 byte |/O address boundary between 760 0008
and 777 7778. The Display Refresh Memory is positioned on any 256 byte memory address boundary between 000 0008
and 777 777s. Alternately, all 2K/4K/8K bytes of the display refresh memory can be mapped directly into system memory
between 000 0008 and 777 777s.

VIDEO GENERATOR
All monochrome and RGB color video monitors work with the QRGB-ALPHA. Red, Green, Blue TTL level and analog
video, H. Drive, V. Drive, and composite B/W video signals are provided.

GRAPHICS
The QRGB-ALPHA is ideal for producing character oriented graphics having a maximum resolution of 640H x 480V
(interlaced) or 1024H x 240V (non-interlaced). An image is built up from graphic symbols written into the character
generator RAM. Images are changed at high speed by rewritting the contents of the display memory and character
generator.

PROGRAMMING

On power-up, all display control registers must be set, the display memory cleared and the character generator RAM, if
used, loaded with the character font.

ADDRESS READ WRITE

UPPER BYTE | LOWERBYTE | UPPERBYTE |LOWERBYTE
BASE + O - CRTC Status [Window Address [CRTC Address
BASE + 2 - CRTC Data [Window Address| CRTC Data
BASE + 4 - Keyboard Data {Window Address Control 1
BASE + 6 - Keyboard StatugWindow Address| Control 2

Table 1. Register definitions
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SPECIFICATIONS

FUNCTIONAL
MEMORY ACCESS TIME

Di

splay memory access time varies from access to access depending on when the access occurs with respect to the

display refresh cycle. The worst case access time depends on the number of horizontal dots per charcter cell (see
table). The best case access time is 315ns, while the average access time approaches 450ns. as formats become less
dense.

HORIZONTAL DOTS/CELLS 6 7 8 9 10 11

Worst case time from

BDINL or BDOUTL to BREPLYL 870ns 1050ns 1130ns 1220ns 960ns 1050ns

DISPLAY PARAMETERS

DESCRIPTION | RESTRICTION

Resolution 4000 characters max.

Horizontal Characters 132 characters max.

Vertical Lines 48 lines max. (American Standard), 52 lines max. (European Standard)
Character Cell Size 6,7, 8,9, 10 or 11 horizontal dots (special 16 dot cell can be strap-selected)
VIDEO TIMING

For a display format of 80 characters by 24 lines with 5 x 7 dot characters within a 7 x 10 dot character cell an

11.667 MHz crystal is used. The following table gives the timing in both American and European standards.

SIGNAL | AMERICAN | EUROPEAN

Active Video 48 us 48 us

Horizontal Sync Frequency 15.723 KHz 15.576 KHz

Horizontal Sync Width 4.80 ps 5.40 ps

Vertical Sync Frequency 60.01 Hz 49.92 Hz

Vertical Sync Width 190.8 us 256.8 us

INPUT SIGNALS OUTPUT SIGNALS

Light Pen: Light-pen enable TTL Level Video: TTL level Red Analog Video: Red
Light-pen strobe TTL level Green Green (composite)

TTL level Blue Blue

Keyboard: Keyboard data Vertical Drive Grey Scale (composite)
Keyboard strobe Horizontal Drive

BUS INTERFACE

Address, data and control signals conform to DEC LSI-11 Q-Bus specifications.
Command and Status Registers — Selectable on 8 byte I/0 address boundaries 760 000 — 777 777 (766 4008)

Display Refresh Memory — Selectable on 256 byte memory address boundaries 000 000 — 777 777 (766 0008)
(Alternately selectable on any 8K memory address boundary)

CONNECTORS

DESCRIPTION MATING CONNECTOR

A: 36 pin edge connector, 0.125" centers,

B: 36 pin edge connector, 0.125" centers, . . .

C- 36 pin edge connector, 0.125" centers, LSI-11 Bus interface DEC H8030 (2 required)

D: 36 pin edge connector, 0.125" centers,

J1: 10 pin right angle header, Analog video outputs AMP 87922-1

J2: 10 pin right angle header, TTL video outputs AMP 87922-1

J3: 50 pin right angle header, Matrox video bus Molex 15-25-4505

J4: 26 pin right angle header, Keyboard and lightpen interface Molex 15-25-4264

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

Width — 10.45 in. (26.54cm) +5V DC +5% @2A ' Operating Temperature: O°C to 55°C

Height — 8.43 in. (21.41cm) Relative Humidity: 0% to 95% non-condensing

Depth — 0.50 in. ( 1.27cm)

ORDERING INFORMATION

QRGB-ALPHA : Color alphanumeric display controller for stand alone operation

QRGB-ALPHA-SL : Color alphanumeric display controller for slave lock operation with QRGB-GRAPH

X-TAL 1 10.000 MHz . N .

X-TAL © 11.666 MHz Optional crystals for special display format requirements

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no &5‘
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

LSI-11, Q-BUS and DEC are registered of Digital Equi Corp.
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5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

PROGRAMMABLE B/W ALPHANUMERIC DISPLAY CONTROLLER FOR LSI-11 Q-BUS

e User Programmed Display Format e LSI-11 Q-bus* compatible

® Up to 4000 Characters on screen e Keyboard interface

® Blink e Light pen interface

® Inverse Video e RAM and EPROM character generators
e Underline e Transparent memory

e Double Height Characters ® 50 or 60Hz operation

e Addressable cursor ® Works with 16-bit and 18-bit addressing

The QBW-ALPHA is aLSI-11 Q-bus* compatible, video display controller card which allows the display
(characters/line x lines/page) and character formats (5 x 7, 7 x 9 etc.) to be set by programmed
1/0 commands. Available attributes include: blink, inverse video, double height characters, underline,
and foreground disable.

The character font provided with the QBW-ALPHA contains 128 - 5 x 7 dot upper/lower case
alphanumeric characters and graphics symbols. By adding a second character generator
ROM/RAM, 128 additional symbols may be defined. When using a RAM character generator, the
character font may be rewritten at any time by the system processor.

The QBW-ALPHA works with all monochrome video monitors in Europe (50 Hz) and America
(60 Hz). Interface for a high-speed light pen and an 8-bit parallel keyboard are also provided.

1l

APRIL 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. DS-201-01
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Figure 1. QBW-ALPHA block diagram

FUNCTIONAL DESCRIPTION
The block diagram, Figure 1, shows the major functional components of the QBW-ALPHA.

CRT CONTROLLER

In the design of the QBW-ALPHA, the 6845 CRT controller replaces many of the $SI/MSI components used in older de-
signs and provides the QBW-ALPHA with features previously found only in the most expensive equipment. All display
parameters are now user specified and displays can be configured to have virtually any combination of rows and
columns up to a maximum of 4000 characters. In addition, the character cell size is variable and accomodates all
commonly used character font sizes (56 x 7, 7 x 9, etc.).

DISPLAY MEMORY

Each character position on the CRT screen corresponds to an 8-bit location in the display refresh memory. The 4K byte
display refresh memory can be fully memory mapped, or addressed through a 256 byte “‘window’. In this way the QBW-
ALPHA can be memory mapped without requiring a large overhead in system address space. The processor can read
or write the display memory at full speed using all memory reference instructions (ta < 1052ns). All accesses to the
memory are ‘‘transparent’’. The processor can read or write the refresh memory at any time, and the display is free of
‘“glitches”.

[ Number of i Total Characters

I Number of Displayed Cl
—_—
—_—

Maximum
Scan
Lines

Horizontai
Retrace
Period

Display Period

Number of Vertical Total
Number of Vertical Di:

( Vertical Retrace Period

Totol Scan bre BT e —_—
Figure 2. QBW-ALPHA display parameters
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When a character is to be displayed, its Character Code is written into the appropriate display memory locations. The
display is “‘scrolled” up or down by rewriting the contents of the Display Start Address Register.

As supplied the Character Memory is mapped into 256 bytes of system address space and is enabled/disabled through
programmed |/0 commands. The full display memory (4K bytes) is accessed by mapping the 256 byte system memory
“window” into one of sixteen, 256 byte, blocks. Block selection is determined by the Window Address Register.

CHARACTER GENERATOR

Two 24-pin DIP sockets accept up to 4K bytes of ROM/EPROM/RAM thereby permitting up to 256 different characters
and symbols to be defined. When using a RAM character generator, the character font may be rewritten at any time by the
processor. Read/write access to the character generator is enabled/disabled through programmed 1/0 commands.

As supplied, the QBW-ALPHA contains the Matrox MCH-01 character generator ROM (128 - 5 x 7 dot upper/lower case
alphanumeric characters and graphic symbols). Other devices that may be used include TMS2516 (EPROM) and
TMS4016 (RAM). Note that ta < 450ns for displays having up to 80 characters/line and ta << 350ns for displays having
up to 132 characters/line.

ATTRIBUTES

The QBW-ALPHA provides five strap-selectable character attributes: inverted video, underline, extended height, blink,
and foreground disable. As supplied, each character may be assigned one of these attributes which is enabled by the
surplus bit in the 8-bit Character Code.

The MCH-01 character set can be reduced, by hardware straps, to produce a 64 character set comprised of the upper
case alphanumeric characters only. With this reduced set one extra bit is released from the Character Code enabling
the implementation of a second character attribute per character. This extra bit may be alternatively used to control
the selection between the two character generators, effectively combining the two character generators as one double
size unit capable of holding video information for 256 different characters.

CURSOR

An independently addressable cursor is provided. The Cursor Start and End Registers specify the scan lines in a char-
acter cell that are inverted to produce the cursor symbol. The position of the cursor on the screen is determined by the
contents of the Cursor Register. The cursor blink rate is set to either 2 or 4 Hz.

LIGHT PEN

User-display interaction is possible through the use of a high-speed light pen. When the user points the pen at an
“illuminated spot on the CRT screen, the CRT loads the screen coordinates in to the Light Pen Register. The pen
position may then be read by the processor. Note that the light pen can be used only with monitors having short
persistence phosphors.

KEYBOARD INTERFACE
An 8-bit parallel keyboard interface is also provided. When a key is pressed, an interrupt flag is set in the Keyboard
Status Register. The processor can read the keyboard data from the Keyboard Data Register.

BUS INTERFACE

The QBW-ALPHA plugs directly into the Q-bus and works with 16-bit processors using byte or word data transfers. The
seven Command and Status Registers are positioned on any 8 byte 1/0 address boundary between 760 000 and 777 777.
The Display Refresh Memory is positioned on any 256 byte memory address boundary between 000 000 and 777 777.

VIDEO GENERATOR
All monochrome video monitors work with the QBW-ALPHA. Composite B/W video signals are provided.

GRAPHICS

QBW-ALPHA is ideal for producing character oriented graphics having a maximum resolution of 640H x 480V (interlaced)
or 1024H x 240V (non-interlaced). An image is built up from graphic symbols written into the character generator
RAM. Images are changed at high speed by rewritting the contents of the display memory and character generator.

PROGRAMMING
On power-up, all display control registers must be set, the display memory cleared and the character generator RAM, if
used, loaded with the character font.

ADDRESS READ WRITE

UPPER BYTE| LOWER BYTE| UPPER BYTE LOWER BYTE
BASE + 0 - CRTC Status |Window Address |CRTC Address
BASE + 2 — CRTC Data |Window Address| CRTC Data
BASE +4 - Keyboard Data |Window Address| Control 1
BASE + 6 — Keyboard Status | Window Address Control 2

table 1. Register Definitions
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SPECIFICATIONS

FUNCTIONAL
MEMORY ACCESS TIME

Display memory access time varies depending on when the access occurs with respect to the display refresh cycle. The

worst case access time depends on the number of horizontal dots per charcter cell (see table). The best case is
315 nsec., while the average access time approaches 450 nsec. as formats become less dense.

HORIZONTAL DOTS/CELLS 6 7 8 9 10 11

Worst case time from
MWTC/ or MRDC/ to XACK/

870ns 1050ns 1130ns 1220ns 960ns 1050ns

DISPLAY PARAMETERS

DESCRIPTION | RESTRICTION

Resolution 4000 characters max.

Horizontal Characters 132 characters max.

Vertical Lines 48 lines max. (American Standard), 52 lines max. (European Standard)
Character Cell Size 6,7, 8,9, 10 or 11 horizontal dots (special 16 dot cell can be strap-selected)
VIDEO TIMING

For a display format of 80 characters by 24 lines with 5 x 7 dot characters within a 7 x 10 dot character cell an
11.667 MHz crystal is used. The following table gives the timing in both American and European standards.

SIGNAL | AMERICAN | EUROPEAN
Active Video 48us 48us
Horizontal Sync Frequency 15.723 KHz 15.576 KHz
Horizontal Sync Width 4.80us 5.40us
Vertical Sync Frequency 60.01 Hz 49.92 Hz
Vertical Sync Width 190.8 us 256.8us
INPUT SIGNALS OUTPUT SIGNAL

Light Pen: Light-pen enable Composite Analog Video

Light-pen strobe
Keyboard: Keyboard date
Keyboard strobe

BUS INTERFACE

Address, data and control signals conform to DEC LSI-11 Q-bus specifications.

Command and Status Registers — Selectable on 8 byte memory address boundaries 760 000 — 777 777 (766 4008)

Display Refresh Memory — Selectable on 256 byte memory address boundaries 000 000 — 777 777 (766 0008)
(Alternately selectable on any 4K memory address boundary)

CONNECTORS
DESCRIPTION | MATING CONNECTOR

A: 36 pin edge connector, 0.125" centers
B: 36 pin edge connector, 0.125'' centers

C: 36 pin edge connector, 0.125" centers LSI-11 interface DEC H8030 (2 required)

D: 36 pin edge connector, 0.125" centers

J1: 10 pin right angle header, composite video outputs AMP 87922-1

J4: 26 pin right angle header, Keyboard and lightpen interface MOLEX 15-25-4264

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS
Width — 10.45 in. (26.54cm) +5V DC +5% @2A Operating Temperature: O°C to 55°C
Height — 8.43 in. (21.41cm) Relative Humidity: 0-95% non-condensing

Depth — 0.50 in. (1.27cm)

ORDERING INFORMATION

QBW-ALPHA : B/W alphanumeric display controller for stand alone operation
QBW-ALPHA-SL : B/W alphanumeric display controller for slave locked with QRGB-GRAPH

))E:?:t :?gggg m:i} Optional crystals for special display format requirements

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no @
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

LSI-11 Q-bus Digital Equipment Corp. TM
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electronic systams Itd.

MLSI-2480

24 x 80 ALPHANUMERIC DISPLAY CONTROLLER FOR LSI-11 Q-BUS

® 24 row x 80 column alphanumeric video
display

e Normal, inverse, blink attributes
® 4K byte memory mapped display
e L SI-11 Q-bus compatible

® Dual width board

blink under software control.

e EPROM ASCII character generator

® Directly drives any monochrome monitor
e Single +5V supply

e External/internal sync capability

e American/European operation

e Decodes 16 address lines

The MLSI-2480 is a LSI-11 Q-bus compatible alphanumeric display controller which is capable of
generating displays of 24 lines of 80 characters per line. Characters can be displayed as either
white on a black background or black on a white background. Each character can also be set to

The character font provided with the MLSI-2480 contains 128 - 5 x 7 upper/lower case
alphanumeric characters and graphic symbols. The character generator is user-programmable, al-
lowing the user to implement his own custom character font.

The MLSI-2480 works with all standard monochrome video monitors in Europe (50 Hz) and America

(60 Hz).
| . : ] ‘ % ’ = # :
APRIL 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. DS-205-01
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Figure 1. MLSI-2480 block diagram

FUNCTIONAL DESCRIPTION
The MLSI-2480 is made up of five major operational blocks: Timing and Control Unit, Display Memory, Character Gener-
ator, Video Generator, and Bus Interface. Communications between these blocks are shown in figure 1.

TIMING AND CONTROL UNIT

All timing and control signals required to generate a video display with 24 lines of 80 characters per line are supported
on-board the MLSI-2480. The Timing and Control Unit, consisting of the master oscillator (11 MHz) and various modulo
counters, produces the horizontal and vertical sync signals needed by the monitor as well as all timing signals for
display refresh memory (RAS, CAS).

The horizontal/vertical reset signals as well as the dot clock can be either generated on-board or accepted, through a
bidirectional port, from an external sync source. In this way the MLSI-2480 can be synchronized to operate with other
video boards as part of a complete video display system.

DISPLAY MEMORY

The MLSI-2480 contains 2K bytes of on-board display refresh memory, to store up to 24 lines of 80 characters (1920
characters). The display memory occupies 4K bytes of system address space thereby permitting the CPU to identify
each character location with a unique 12 bit address.

Each character position on the CRT screen corresponds to an 8 bit location in the display refresh memory. Characters
are written on to the display by loading the ASCII Character Code to the appropriate display memory location. The CPU
can read/write the display memory at full speed using all memory reference instructions.

All accesses to the display memory are controlled by a ““Transparent Memory” control circuit within the Timing and
Control Unit. In this way all accesses to the display memory (read, write, refresh) are efficiently arbitrated. The Trans-
parent Memory control circuity permits the CPU to read or write the refresh memory at any time and the display is free
of glitches.

CHARACTER GENERATOR )

The MLSI-2480 contains an on-board 2716 EPROM which contains the binary video information to generate a 128 char-
acter set. The supplied character font consists of the full 96 upper/lower case alphanumeric character set with the
addition of 32 special graphic characters. The alphanumeric characters are formed in a 5 x 7 dot matrix within a6 x 10
dot character cell. The graphics characters utilize the entire character cell to allow for drawing continuous lines. For
greater inter-character spacing the character cell size can be increased, with hardware straps, to 8 x 10 dots. Note that
increasing the character cell size will cause gaps to appear between the graphics characters. Also, a different crystal is
required for applications utilizing an 8 dot cell.

The MLSI-2480 permits simple implementation of custom character fonts. To install a new character set, the user need
only reprogram the EPROM character generator with the video information to generate his own font.
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Figure 1. Combining MLSI-2480 with MLSI-512 for alpha/graph displays

ATTRIBUTES

Each character is accessed by seven bits of the eight bit ASCIl Character Code. This releases the most significant
eighth bit for attribute selection. Characters displayed on the MLSI-2480 can be displayed either as normal (white on a
black background) or inverted (black on a white background). Character attributes are selected by on-board hardware
straps and are enabled/disabled by the eighth bit of the character code.

VIDEO GENERATOR
The MLSI-2480 can directly drive any standard monochrome video monitor. Composite video signals as well as sepa-
rate TTL level video, horizontal/vertical sync and blanking signals are supported on-board.

BUS INTERFACE

The MLSI-2480 plugs directly into the LSI-11 Q-bus. The display refresh memory, which is memory mapped into the
LSI-11 Q-bus memory address space, can be strapped to reside at any 4K byte memory address boundary between
000 0008 and 177 777s.

GRAPHICS

The MLSI-2480 can be integrated, as an alphanumeric controller, within a complete alpha/graph video system. By con-
figuring the MLSI-2480 to operate in the slave mode, the horizontal/vertical reset lines and the dot clock line are set to
act as input ports. In this way the board can be synchronized to a master sync source. These lines can also be
configurated to operate as output ports to enable the user to configure his system to synchronize to the MLSI-2480. A
typical application of combined alphanumerics/graphics is shown in figure 2, where the graphics board (MLSI-512)
acts as the master sync source.

PROGRAMMING
The MLSI-2480 operational status (American/European compatibility, Master/Slave operation, base address, etc) is
programmed via on-board hardware straps. Table 1 outlines the definitions of these straps.

JUMPER NO. | DESCRIPTION
S11-8 Select base address
S31-10 Select American/European TV standards
S41-2,6-9 Select character cell size

S4 4-5 Select character attribute
W1 Enable ‘“Master” mode
w2 Enable 8 x 10 character cell
W3 Enable 6 x 10 character cell
W4 Disable transparent memory mode
W5 Enable transparent memory mode

Table 1. Jumper definitions

2-29




SPECIFICATIONS

FUNCTIONAL

MEMORY ACCESS TIME

With Transparent Memory Access: 800ns
Without Transparent Memory Access: 500ns

DISPLAY PARAMETERS

DESCRIPTION DISPLAYED

Resolution 1920 characters
Horizontal Characters 80 characters

Vertical Lines 24 lines

Character Cell Size 6 or 8 horizontal dots

VIDEO TIMING

To generate a video display of 24 x 80 characters with a 6 dot cell, the MLSI-2480 uses an 11.06688 MHz crystal. The
following table gives the video timing for both American and European standards.

SIGNAL | AMERICAN | EUROPEAN
Active Video 43.0 ps 43.0 us
Horizontal Sync Frequency 15.8 KHz 15.8 KHz
Horizontal Sync Width 4.3 ps 4.3 ps
Vertical Sync Frequency 60.0 Hz i 50.2 Hz
Vertical Sync Width 255.0 ps | 255.0 ps
OUTPUT SIGNALS

TTL Level Video
Horizontal Drive
Vertical Drive
Composite Sync
Composite Video

BUS INTERFACE

Address, data and control signals conform to LS| Q-bus specifications.
Control Registers and Display Memory — Selectable on any 4K byte memory address boundary between 000 0008 and
177 7778(160 0008).

CONNECTORS

DESCRIPTION l MATING CONNECTOR

A : 36 pin edge connector

B : 36 pin edge connector} — Bus Interface DEC H8030

J1 :16 pin DIP socket — Video Interface | AUGAT 516-A6-37D

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

Width: 5.25in. (13.33 cm) +5VDC +5% @ 0.9A Operating Temperature: 0°C to 55°C

Height: 8.50 in. (21.59 cm) Relative Humidity: 0% to 95% non-condensing

Depth: 0.50in.( 1.27 cm)

ORDERING INFORMATION

MLSI-2480 — XX—X
THorizontal dots per character (6/8)

AS — American standard (60 Hz)
ES — European standard (50 Hz)

Example: MLSI-2480-AS-6: 24 x 80 character display with 6 horizontal dots per character cell and a vertical refresh rate
of 60 Hz

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor for any infringements of patents or other rights of m
third parties resulting from its use. No license is granted under any patents or patent rights of Matrox Electronic Systems Ltd.

LSI-11 Digital Equipment Corp. TM
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512 x 512 GRAPHICS DISPLAY CONTROLLER FOR LSI-11 Q-BUS

e Bit mapped 512 x 512 pixel display e Color/grey-scale expansion
® 256 x 256, 512 x 256, 1024 x 256 formats e Can be combined with MLSI-2480
available

e Transparent memory access
e LSI-11 Q-bus* compatible
e Internal/external sync

e Powerful X-Y virtual memory addressing
e Hardware scroll built-in

e Single instruction memory erase . .
e American/European operation

The MLSI-512 is a member of Matrox’s complete line of LSI-11 Q-bus compatible graphics video
boards. The MLSI-512 family of cards is designed to interface a mini or microcomputer to a CRT
monitor and produce a B/W display of 512 x 512 points. The board also features built-in hardware
scroll capabilities and a single instruction memory erase.

The MLSI-512 can also be combined with the MLSI-2480 to produce a complete alphanumerics/
graphics video display system. Combining multiple MLSI-512 cards, the OEM system designer can
construct a graphics display system with up to 24 bits/pixel (16 million different colors or grey levels).

¥
-
-
-
”
-

APRIL 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. DS-206-01
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Figure 1. MLSI-512 block diagram

FUNCTIONAL DESCRIPTION
The MLSI-512 consists of six main functional blocks (figure 1): Timing and Control Unit, Scroll Register, X-Y Registers,
Display Memory, Video Generator, and Bus Interface.

TIMING AND CONTROL UNIT

All timing and control signals required by the video monitor (horizontal/vertical sync and blanking), display refresh
memory (row/column addressing), and video generator (dot clock, load and shift) are generated by the Timing and
Control Unit. The exact configurations of these signals are user-programmable, via hardware straps, to enable the
MLSI-512 to generate displays with up to 512 horizontal dots by 512 vertical dots. The board can also be strapped to
operate in either 50 Hz (European) or 60 Hz (American) systems.

The horizontal/vertical reset signals as well as the dot clock can be either generated on-board or accepted, through a
bidirectional port, from an external sync source. In this way the MLSI-512 can be synchronized to operate with other
video boards as part of a complete video display system.

DISPLAY MEMORY

The MLSI-512 can be populated with 4, 8, or 16K RAMs for displays of 256 x 256, 512 x 256, 512 x 512, or 1024 x 256
dots. Each point on the CRT screen is identified by a unique address within the display memory. When a point is to be
illuminated on the screen, a logic ““1"" is written to the appropriate display memory location.

The CPU reads/writes the display memory through a pair of memory-mapped 1/0 locations (X-Y Registers). This allows
two memory locations to address all of the 262,144 bits of the refresh memory (512 x 512). Once the X and Y address of
the dot has been loaded, the CPU can read/write the dot intensity. The dot intensity bit (image bit) can be aszigned to
any data bus bit. The resultant CRT display is a black and white image with the intensity of each dot being either on
(logic *“1”’) or off (logic ““0"").

In addition to the CPU read/write, the display memory is continually scanned by the Timing and Control Unit every
16.66ms (60 Hz) to generate video signals. Memory access arbitration circuitry on the MLSI-512 efficiently resolves any
contention problems between read/write requests and CRT refresh requests in such a way that the display is ‘‘trans-
parent’ to user.

SCROLL

An on-board Scroll Register enables the user to scroll the display up or down. By loading the Scroll Register the user
can specify which horizontal line is to be displayed at the top of the screen. Lines scrolled off the top of the display will
‘‘wrap-around” and re-appear at the bottom of the screen.

SCREEN ERASE

The entire refresh memory on the MLSI-512 can be erased by a single OUTput instruction. Setting the memory erase
enable bit when writing to the display memory will cause the entire memory to be set to that intensity (0= black,
1= white).
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VIDEO GENERATOR
The MLSI-512 works with all standard monochrome video monitors in American (60 Hz) and European (50 Hz) systems.
TTL level video, horizontal sync, vertical sync, as well as composite video signals are supported on-board.

BUS INTERFACE

The MLSI-512 plugs directly into the LSI-11 Q-bus and works with both 8-bit and 16-bit processors. All the Command
and Status Registers as well as the Display Memory are accessed via memory mapped |/0O. The MLSI-512 can be posi-
tioned on any 8 byte memory address boundary between 160 000 and 177 777s.

ALPHA/GRAPH DISPLAYS

The MLSI-512 can be combined with the MLSI-2480 to generate alphanumeric/graphic displays. An on-board alphanu-
meric input port accepts the TTL level alphanumeric video information from the MLSI-2480 and combines it with the
graphics video from the MLSI-512. The result is a powerful display combining both alphanumerics and graphics without
the overhead involved in generating alphanumeric characters using graphic techniques.

COLOR/GREY-SCALE EXPANSION

Multiple MLSI-512 cards can be combined to provide for color/grey-scale displays. As previously outlined (DISPLAY
MEMORY), the image bit on a given card can be assigned to any data bus bit. Thus the output of each card can be
assigned a different weight or color. By assigning cards to different data bus bits and strapping all the cards with the
same address, the intensity or color of a given dot can be loaded in a single instruction. A typical example of building
up a color video system using the MLSI-512 is shown in figure 2.

PROGRAMMING

The MLSI-512 is programmed, for various display resolutions, by on-board hardware straps. These straps are organized
into three 16 pin ‘“‘programming sockets” to facilitate simple re-programming of the board. Table 1 defines the
on-board jumpers used to configure the MLSI-512 for the various resolution options.

SOCKET JUMPER DESCRIPTION

Vertical display = 240 lines (American standard) or 256 lines (European standard)
Vertical reset = 262" lines (American standard)

Vertical reset = 312% lines (European standard)

Vertical sync = 244 lines (American standard)

Vertical sync = 276 lines (European standard)

Not used

Enable 512 dot vertical resolution

Not used

Enable 1024 dot horizontal resolution

Set memory access mode for RAM type used

Enable 1024 dot horizontal resolution

Disable 1024 dot horizontal resolution

Synchronize blanking for 512/1024 dot horizontal resolution
Synchronize blanking for 256 dot horizontal resolution

Dot clock = 5.53344 MHz (256 dot horizontal resolution)

Dot clock = 11.06688 MHz (512/1024 dot horizontal resolution)

Enable 256 x 256 addressing

Enable 512 x 256 addressing

Enable interlaced addressing (512 x 512/1024 x 256)

Enable 512 dot horizontal addressing

Enable 1024 dot horizontal addressing

Enable 512 dot vertical addressing

Synchronize LOAD SCROLL signal to 60 Hz (American standard)
Synchronize LOAD SCROLL signal to 50 Hz (European standard)

ONOUPWN=-|ONONDRWN=ONOTAWN =

Table 1. Jumper Configurations
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SPECIFICATIONS

FUNCTIONAL
MEMORY ACCESS TIME

Dot Write Time: 1.4 us
DISPLAY PARAMETERS

JRESOLUTION | RAM TYPE

256 X 256 4K

512 X 256 8K

512X 512 16K
1024 X 256 | 16K
VIDEO TIMING

For a 256 x 256 or 512 x 256 display, the video output is non-interlaced. For a 512 x 512 or 1024 x 256 display, the
video output is interlaced (two fields per frame). In order to avoid display flicker, a monitor with long persistence phos-
phors must be used.

SIGNAL | AMERICAN | EUROPEAN
Active Video 46 ps 46 ps
Horizontal Sync Frequency 15.8 KHz 15.8 KHz
Horizontal Sync Width 5.67 ps 5.67 s

Vertical Sync Frequency I 60 Hz 50.2 Hz
Vertical Sync Width 190 ps 190 ps

OUTPUT SIGNALS

TTL Level Video
Horizontal Sync
Vertical Sync
Composite Sync
Composite Video

BUS INTERFACE

Address, data, and control signals conform to LSI-11 Q-bus Specifications
Display Memory, Command and Status Registers — Selectable on any 8 byte memory address boundary between
160 0008 and 177 7778 (160 0008)

CONNECTORS
DESCRIPTION MATING CONNECTOR

A : 36 pin edge connector, 0.125"' centers
B :36 pin edge connector, 0.125" centers

C :36 pin edge connector, 0.125'" centers Bus Interface DEC H8030 (2 required)

D : 36 pin edge connector, 0.125" centers

J1 : phono connector — Composite Video RCA 901

V :16 pin DIP socket — Video Expension Socket AUGAT 516-A6-37D

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

Width: 10.50 in. (26.67 cm) +5V DC +5% @ 800mA Operating Temperature: 0°C to 55°C

Height: 7.75in. (19.69 cm) +12V DC +5% @ 200mA Relative Humidity: 0% to 95% non-condensing

Depth: 0.50 in. ( 1.27 cm)

ORDERING INFORMATION
MLSI — XXX/ XXX — XX

AS — American standard (60 Hz)
ES — European standard (50 Hz)

Vertical resolution (256/512)
—— Horizontal resolution (256/512/1024)

Example: MLSI-512/512-AS: 512 x 512 pixel display with a vertical refresh rate of 60 Hz.

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no m
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

LSI-11 Digital Equipment Corp. T™
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5800 ANDOVER AVE., T M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

256 x 256 COLOR GRAPHICS DISPLAY CONTROLLER FOR LSI-11 Q-BUS

® 256 x 256 resolution e LSI-11 Q-bus* compatible

® 4 bits/pixel expandable to 8 bits/pixel e Hardware scroll

e Built-in 8-bit D/A converter (grey scale) e Internal/external sync

o Built-in 8-bit composite color encoder e American/European operation

e Single instruction erase e Built-in phase lock loop (for genlock)

The QRGB-256 is a powerful color graphics display controller built on a single LSI-11 Q-bus* com-
patible card. Graphics images of up to 256 x 256 dots can be displayed in up to 16 colors or grey
levels. The QRGB-256 also includes such advanced features as hardware scroll, single instruction
erase and digitize commands.

The QRGB-256 can be combined with other Matrox video boards such as the MLSI-2480 (alphanu-
merics) and the QFG-01 (frame grabber). The OEM system designer can therefore integrate the
QRGB-256 into a powerful tailor-made video display system.

The QRGB-256 works with all standard video monitors in Europe (50 Hz) and America (60 Hz). An
on-board phase lock loop can be synchronized to an external sync source to enable the QRGB-256
to be used in broadcast applications.

APRIL 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. DS-207-01
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Figure 1. QRGB-256 block diagram

FUNCTIONAL DESCRIPTION

The QRGB-256 is a single board color graphics controller. It consists of five main operational blocks: Timing and
Control Unit, X-Y Registers, Display Memory, Video Generator, and Q-bus Interface. A block diagram of the QRGB-256
is shown in figure 1.

TIMING AND CONTROL UNIT

The Timing and Control Unit consists of three major subsystems; Phase Lock Loop, Sync Generator, and Internal Refer-
ence. Through these three subsystems the QRGB-256 is capable of generating all the necessary timing signals to
produce a composite color or grey-scale video display. These timing signals include: horizontal/vertical sync and blank-
ing, display refresh RAM addressing, as well as a color subcarrier.

The QRGB-256 can operate in one of three modes: Master, External, or Slave. In the Master mode, the QRGB-256 gen-
erates all the necessary video timing signals required for the display. Using the Master mode the QRGB-256 can be
used as a stand-alone controller or as a system master, where the video timing signals produced by the QRGB-256 are
used to synchronize one or more other boards into a complete video imaging system. The Slave mode is used to syn-
chronize the QRGB-256 to another QRGB-256 system master. Slaved QRGB-256 boards can be used to expand the
number of bits/pixel.

Using the QRGB-256 in external mode locks the on-board phase-locked loop to an external sync source. NTSC or PAL
compatible signals are provided by the board when locked to broadcast standard inputs.

DISPLAY MEMORY

The QRGB-256 contains 32K bytes of on-board dynamic RAM which contains the binary picture information. The dis-
play memory is arranged as 256 x 256 x 4 bits, with each of the unique 65,536 memory locations representing a specific
location on the CRT screen. To display a point on the screen the appropriate memory location is loaded with four data
bits which represent the pixel (picture element) color.

The QRGB-256 uses a simple yet powerful X-Y addressing scheme. Two directly addressable registers store the X and
Y coordinates of any given dot in the display memory. After the dot’s X-Y coordinates have been defined, the CPU can
read/write the pixel information to the Data Register.

In addition to the CPU read/write, the display memory is continually scanned by the Timing and Control Unit every
16.66 ms (60 Hz) to generate video signals. Memory access arbitration circuitry on the QRGB-256 efficiently resolves
any contention problems between CPU read/write requests and CRT refresh requests in such a way that the display is
“transparent’’ to the user.

SCROLL

An on-board scroll register permits the user to vertically shift the displayed image up or down. By loading the Scroll
Register, the user can specify which horizontal line will be displayed at the top of the screen. Lines scrolled off the top
of the display will wrap-around and reappear at the bottom of the screen.
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Figure 2. Combining QRGB-256 and QFG-01 — 256 x 256 x 8 bit imaging system

ERASE/DIGITIZE COMMAND

The QRGB-256 has an erase/digitize command built into hardware. This command enables the user to preset the en-
tire display refresh memory to a given value or to load one field of a digitized video signal obtained from an external
frame grabber card. In the erase mode, the user can set the entire display memory to a specified value with a single
INput instruction.

VIDEO GENERATOR

The QRGB-256 includes a built-in color encoder which can provide up to 16 colors or grey levels. Most monochrome
and composite color monitors will work with the QRGB-256. Red, Green, Blue, and Mid-Green TTL level video, horizon-
tal drive, vertical drive, as well as composite color and grey-scale video signals are provided.

BUS INTERFACE
The QRGB-256 plugs directly into the LSI-11 Q-Bus and works with both 8 and 16 bit processors. The QRGB-256 can
be located on any 8 byte system |/O address boundary between 160 000 and 177 777.

SYSTEM CONFIGURATIONS

The QRGB-256 can be used as a stand alone controller or, by ‘“‘stacking’’ cards, can be integrated into a complete
video imaging system. As a stand alone controller the QRGB-256 provides a 256 x 256 dot raster in 16 different colors
or grey levels. Additionally the QRGB-256 can be combined with other boards to provide more colors (multiple QRGB-
256 boards), digitized TV pictures (QRGB-256 + QFG-01) or a complete alphanumerics/graphics display system
(QRGB-256 + MLSI-2480). The QRGB-256 can also be synchronized to an external sync source via the on-board
phase lock loop. This feature enables the board to generate NTSC/PAL compatible video signals for integration into a
broadcasting environment.

PROGRAMMING

The QRGB-256 is programmed via five I/0 registers in combination with a series of on-board hardware straps. Address
bits A0 to A2 are used to select between registers (Data Register, Control Register, Scroll Register, X Register, and Y
Register) which are located for either byte-wide or word-wide accesses (Table 1). A Flag Register is also included on-
board (accessed by reading the Control Register) to enable the host processor to monitor the board’s status (Busy,
Vertical Blank). The Control Register is used to initialize the erase/digitize command on the QRGB-256 as well as
provide a means of video control (video output enable/disable).

Much of the board’s operational parameters are defined through on-board hardware straps. With these jumpers, the
user can program the on-board Sync Generator for American (60 Hz) or European (50 Hz) operation, in either Master,
External, or Slave sync mode. Straps are also provided to set the QRGB-256 video outputs for NTSC (American) or PAL
(European) standard compatibility. The board’s base address is determined by the on-board straps.

RELATIVE 8-BIT SYSTEM 16-BIT SYSTEM
LOCATION READ WRITE READ WRITE
0 Data Register Data Register Flag/Data Registers | Control/Data Registers
1 Flag Register Control Register not used —
2 not used X Register not used X/Y Registers
3 not used Y Register not used -
4 not used Scroll Register not used Scroll Register
5 not used not used not used -
6 not used not used not used not used
7 not used not used not used -

Table 1. Register definitions




FUNCTIONAL
MEMORY ACCESS TIME

Dot Write Time: 1.4 psec. max.

DISPLAY PARAMETERS
DESCRIPTION

SPECIFICATIONS

I RESTRICTIONS

Horizontal Resolution
Vertical Resolution

256 dots

256 dots (European standard), 240 dots (American standard)

VIDEO TIMING

The QRGB-256 generates a 256 x 256 dot raster graphics display. The following table gives the video timing for both
American and European standards.

SIGNAL AMERICAN | EUROPEAN

Active Video 46 ys 46.5 us

Horizontal Sync Frequency 15.735 KHz 15.638 KHz

Horizontal Sync Width 5.8 us 5.8 us

Vertical Sync Frequency 60 Hz 50 Hz

Vertical Sync Width 190 ps 191 us

OUTPUT SIGNALS

TTL Level Video: Red Composite Video: Composite Color
Green Composite Grey-Scale
Blue

Vertical Drive
Horizontal Drive
BUS INTERFACE

Address, data, and control signals conform to DEC LSI-11 Q-bus specifications
Command Status and Data Registers — Selectable on any 8 byte memory-mapped 1/0 address boundary between
160 0008 and 177 7778 (170 000s8)

CONNECTORS

DESCRIPTION I MATING CONNECTOR

A : 36 pin edge connector
B :36 pin edge connector
C : 36 pin edge connector
D : 36 pin edge connector
J1 : 50 pin right angle header — Video Interface

Bus Interface DEC HB8030 (2 required)

MOLEX 15-25-8601

PHYSICAL
SIZE POWER REQUIREMENTS

Width: 10.48 in. (26.56 cm) +5VDC +5% @ 1A
Height:  8.50 in. (21.59 cm) +12V DC + 5% @ 400mA
Depth: 0.50in. ( 1.27 cm) —12V DC +5% @ 250mA

ENVIRONMENTAL REQUIREMENTS

Operating Temperature: 0°C to 55°C
Relative Humidity: 0% to 95% non-condensing

ORDERING INFORMATION
QRGB-256/X — XX

AS — American standard (60 Hz)
ES — European standard (50 Hz)

Number of bit planes (3/4)

Example: QRGB-256/3-AS: 256 x 256 graphics display with 3 bits per pixel (8 possible colors or grey levels) and a vertical
refresh rate of 60 Hz.

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no m
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

LSI-11 Digital Equipment Corp. T™M

2-38




@ mdﬂcsn'ko:g":tcmt itd. Q FG-O"

5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

HIGH SPEED VIDEO A/D CONVERTER FOR LSI-11 Q-BUS

® 4,6, or 8 bit A/D converter e Continuous or ““Freeze” grab operation
® 4 video inputs e LSI-11 Q-Bus* compatible
e Accomodates most video amplitudes e On-board sync separator circuit
(] lr:tt:rfaces directly to QRGB-256 to store TV e American/European operation
picture

The QFG-01 is a high speed analog to digital converter card that is intended to be used with the
Matrox QRGB-256 graphics display controller cards. The QFG-01 permits the user to digitize a
standard monochrome video signal (1V p-p) and, on command, to write one digitized field of video
information into the QRGB-256 display refresh memory.

APRIL 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. DS-208-01
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Figure 1. QFG-01 block diagram

FUNCTIONAL DESCRIPTION
The QFG-01 frame grabber card can be functionally divided into four operational blocks. These blocks (figure 1) are: In-
put Multiplexer, Sync Generator, Video Amplifier, and A/D Converter.

The QFG-01 has been designed to operate with the QRGB-256 graphics controller. Through commands generated by
the QRGB-256, the QFG-01 will digitize a frame of video information (from an external TV camera) and store it in the
QRGB-256 display memory. This frame grabbing operation can be continuous (the QRGB-256 will display a continually
updated or “live” picture) or one-shot, effectively ‘‘freezing” the action. Figure 2 illustrates the connections between
the QRGB-256 and the QFG-01.

INPUT MULTIPLEXER

The QFG-01 contains an on-board 4 to 1 input video multiplexer. In this way the user can interface up to four analog
video inputs (composite video from four different TV cameras) to the 30 MHz A/D converter. Switching, between these
four video inputs, is under software control. The QFG-01 can “‘freeze’ a single frame from any one of the video inputs
or, by continually accessing the board, can provide a continuous ‘‘grabbing’ of consecutive fields.

SYNC SEPARATOR

Composite video signals, accepted by the QFG-01, are stripped of the horizontal and vertical sync signals. These sync
signals are then used by the QFG-01 as control signals to synchronize the QFG-01 to the TV camera. The composite sync
signals are also made available on the video output connector to enable the user to synchronize the QRGB-256 color
graphics board to the TV camera as well.

VIDEO AMPLIFIER
The selected input video goes to a backporch clamp and a variable gain stage. An on-board gain control potentiometer
allows the user to take advantage of the full range of the A/D converter for a given input signal amplitude.

VIDEO A/D CONVERTER

The QFG-01 can be ordered in one of three configurations to provide digitized video picture information with 4, 6, or 8
bits per pixel. The on-board A/D converter provides a continuous stream of digital data to the QRGB-256. The
initiation of the storage of this data in the QRGB-256 display memory is done, under software control, through the
QRGB-256 card. A/D conversion is initiated on the negative edge of the Convert Command generated by the QRGB-
256. On this same negative edge the data from the previous conversion is made valid. The digital outputs from the A/D
converter are buffered before being passed out from the board. In this way the validity of the produced video informa-
tion is assured.

BUS INTERFACE
The QFG-01 plugs directly into the LSI-11 Q-Bus. To the LSI-11 Q-Bus computer the QFG-01 looks like a single register
(Video Select Register). The Video Select Register is addressed as part of the QRGB-256 Control Register.
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SPECIFICATIONS

FUNCTIONAL

INPUT SIGNALS OUTPUT SIGNALS

Analog Video 0* TTL Level Video (4, 6 or 8 bits)

Analog Video 1 TTL Level Composite Sync (negative going)

Analog Video 2
Analog Video 3
Convert Clock (TTL, 20 MHz max.)

*All analog video inputs are composite video (752, 0.6V to 1.5Vp-p)

BUS INTERFACE

Address, data and control signals conform to DEC LSI-11 Q-Bus specifications
Video Select Register — Accessed via QRGB-256 Control Register

CONNECTORS

DESCRIPTION | MATING CONNECTOR
A 36 pin edge connector Bus Interface DEC H8030

B : 36 pin edge connector

P2 : 50 pin dual right angle header — Analog Video In MOLEX 15-25-8601

— Digital Video Out

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

Width: 5.23in. (13.28 cm) + 5V DC +5% @ 300 mA Operating Temperature: 0°C to 55°C

Height: 8.50in. (21.59 cm) +12VDC +5% @ 100 mA Relative Humidity: 0% to 95% non-condensing
Depth: 0.50in.( 1.27 cm) —12V DC +5% @ 200 mA (4 bits)

—12V DC +5% @ 300 mA (6 bits)
—12V DC +5% @ 500 mA (8 bits)

ORDERING INFORMATION
QFG-01 /7 X

Number of bits per pixel (4/6/8)

Example: QFG-01/8: Frame grabber with an eight bit A/D converter.

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no m
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

LSI-11  Digital Equipment Corp. TM
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SECTION 3 UNI-BUS (PDP-11) VIDEO BOARDS

MDC-2480
24 x 80 Alphanumeric Display Controlier for PDP-11 UNI-bus

MDC-512
512 x 512 Graphics Display Controller for PDP-11 UNI-bus

NOTE: All Matrox Q-bus video boards can also be used with PDP-11 computers through the use of an
interface card called a QNIVERTER. See Application Note # 7 for details.
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5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

24 x 80 ALPHANUMERIC DISPLAY CONTROLLER FOR PDP-11 UNI-BUS

® 24 row x 80 column alphanumeric video ® Directly drives any monochrome monitor

display ® Single +5V supply

o ;
A byta mumary gl e play e External/internal sync capability

e Normal, inverse, blink attributes

e EPROM ASCII character generator

e Transparent memory access

e PDP-11 UNI-bus compatible

e American/European operation

e Built-in keyboard interface
e Hardware scroll

The MDC-2480 is a PDP-11 UNI-bus compatible alphanumeric display controller which is capable of
generating displays of 24 lines of 80 characters per line. Characters can be displayed as either
white on a black background or black on a white background. Each character can also be set to
blink under software control.

The character font provided with the MDC-2480 contains 128 - 5 x 7 upper/lower case
alphanumeric characters and graphic symbols. The character generator is user-programmable, al-
lowing the user to implement his own custom character font.

The MDC-2480 works with all standard monochrome video monitors in Europe (50 Hz) and America
(60 Hz).

APRIL 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. DS-C01-01
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PDP-1I UNI-BUS >
FUNCTIONAL DESCRIPTION
The MDC-2480 is made up of five major operational blocks: Timing and Control Unit, Display Memory, Character Gener-
ator, Video Generator, and Bus Interface. Communications between these blocks are shown in figure 1.

TIMING AND CONTROL UNIT

All timing and control signals required to generate a video display with 24 lines of 80 characters per line are supported
on-board the MDC-2480. The Timing and Control Unit, consisting of the master oscillator (11 MHz) and various modulo
counters, produces the horizontal and vertical sync signals needed by the monitor as well as all timing signals for dis-
play refresh memory (RAS, CAS).

-_-> VIDEO
DISPLAY GENERATOR
REFRESH ok

::> MEMORY

:> CHARACTER
GENERATOR

MULTIPLEXER

(ave MDC- 2480

The horizontal/vertical reset signals as well as the dot clock can be either generated on-board or accepted, through a
bidirectional port, from an external sync source. In this way the MDC-2480 can be synchronized to operate with other
video boards as part of a complete video display system.

DISPLAY MEMORY

The MDC-2480 contains 2K bytes of on-board display refresh memory, to store up to 24 lines of 80 characters (1920
characters). The display memory occupies 4K bytes of system address space thereby permitting the CPU to identify
each character location with a unique 12 bit address.

The MDC-2480 can be strapped so that the display memory is arranged as two independently accessable pages. In this
way the MDC-2480 is capable of storing two displays of 24 x 40 characters, of which one display can be updated while
the other is being displayed. An on-board Video Control Register allows the user to software select which page is to be
displayed. .

Each character position on the CRT screen corresponds to an 8 bit location in the Display refresh memory. Characters
are written on to the display by loading the ASCII Character Code to the appropriate display memory location. The CPU
can read /write the display memory at full speed using all memory reference instructions.

All accesses to the display memory are controlled by a “Transparent Memory”’ control circuit within the Timing and
Control Unit. In this way all accesses to the display memory (read, write, refresh) are efficiently arbitrated. The Trans-
parent Memory control circuitry permits the CPU to read or write the refresh memory at any time and the display is free
of glitches.

CHARACTER GENERATOR

The MDC-2480 contains an on-board 2716 EPROM which contains the binary video information to generate a 128 char-
acter set. The supplied character font consists of the full 96 upper/lower case alphanumeric character set with the ad-
dition of 32 special graphic characters. The alphanumeric characters are formed in a 5 x 7 dot matrix within a 6 x 10
dot character cell. The graphics characters utilize the entire character cell to allow for drawing continuous lines. For
greater inter-character spacing the character cell size can be increased, with hardware straps, to 8 x 10 dots. Note that
increasing the character cell size will cause gaps to appear between the graphics characters. Also, a different crystal is
required for applications utilizing an 8 dot cell.

The MDC-2480 permits simple implementation of custom character fonts. To install a new character set, the user need
only reprogram the EPROM character generator with the video information to generate his own font.
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ATTRIBUTES

Each character is accessed by seven bits of the eight bit ASCII Character Code. This releases the most significant
eighth bit for attribute selection. Characters displayed on the MDC-2480 can be displayed either as normal (white on a
black background) or inverted (black on a white background), and can be set as blinking or non-blinking. Character at-
tributes are selected by on-board hardware straps and are enabled/disabled by the eighth bit of the character code. *

The on-board character generator can be strapped to provide a reduced 64 character set which contains only the up-
per case alphanumeric characters. Using this character set the MDC-2480 uses only six of the eight data bits and there-
fore enables selection of two attributes per character.

SCROLL

The MDC-2480 allows the user to vertically rotate the display (scroll). Loading the on-board Scroll Register with any
line number (0 to 23) will cause the display to vertically rotate until the specified line is displayed at the top of the
screen.

VIDEO GENERATOR
The MDC-2480 can directly drive any standard monochrome video monitor. Composite video signals as well as sepa-
rate TTL video, horizontal/vertical sync and blinking signals are supported on-board.

KEYBOARD INTERFACE

A keyboard can be interfaced to the MDC-2480 through a 16 pin DIP socket, S7. The keyboard input port consists of
seven input lines and one strobe line (positive pulse). Once the keyboard data strobe has been received, the Keyboard
Flag is set.

BUS INTERFACE

The MDC-2480 plugs directly into the PDP-11 UNI-bus. The display refresh.memory, which is memory mapped into the
PDP-11 UNI-bus memory address space, can be strapped to reside at any 4K byte memory address boundary between
000 0008 and 777 777s.

GRAPHICS

The MDC-2480 can be integrated, as an alphanumeric controller, within a complete alpha/graph video system. By con-
figuring the MDC-2480 to operate in the slave mode, the horizontal/vertical reset lines and the dot clock line are set to
act as input ports. In this way the board can be synchronized to a master sync source. These lines can also be con-
figured to operate as output ports to enable the user to configure his system to synchronize to the MDC-2480. A typical
application of combined alphanumerics/graphics is shown in figure 2, where the graphics board (MDC-512) acts as the
master sync source.

PROGRAMMING
The MDC-2480 operational status (American/European compatibility, Master/Slave operation, base address, etc) is
programmed via on-board hardware straps. Table 1 outlines the definitions of these straps.

JUMPER NO. | DESCRIPTION JUMPER NO. | DESCRIPTION

S11-6 Select base address S6 4-6 Enable “Dual Page” mode
S$31-10 Select American/European TV standard w2 Enable ‘“Dual Page’ mode

S4 1-3,6-7 Select character attribute W3 Enable “‘Dual Page” mode
S51-8 Select character cell size w4 Enable ‘‘Dual Page’” mode
S4 4-5 Select character cell size wWo Enable ‘“Master’” mode
S6 7-8 Select character set W1 Enable ‘‘Slave’” mode

S88 Select character set W5 Enable transparent memory mode

S6 1-2 Select displayed page Wé Disable transparent memory mode

Table 1. Jumper Definitions




SPECIFICATIONS

FUNCTIONAL

MEMORY ACCESS TIME

With Transparent Memory: 800ns
Without Transparent Memory: 500ns

DISPLAY PARAMETERS
DESCRIPTION DISPLAY

Horizontal Characters 80 characters
Vertical Lines 24 lines .
Character Cell Size 6 or 8 horizontal dots

VIDEO TIMING

To generate a video display of 24 x 80 characters with a 6 dot wide character cell, the MDC-2480 uses an 11.06688
MHz crystal. The following tables gives the video timing for both American and European standards.

l
Resolution I 1920 characters
|

SIGNAL | AMERICAN | EUROPEAN
Active Video 43.0 ps | 43.0 us
Horizontal Sync Frequency 15.8KHz | 15.8 KHz
Horizontal Sync Width 4.3 | 4.3 us
Vertical Sync Frequency 60.0 Hz i 50.2 Hz
Vertical Sync Width 255.0 us | 255.0 ps
OUTPUT SIGNALS

TTL Level Video
Horizontal Drive
Vertical Drive
Composite Sync
Composite Video

BUS INTERFACE

Address, data and control signals conform to PDP-11 UNI-bus specifications
Control Registers and Display Memory — Selectable on any 4K byte memory address boundary between 000 0008 and
777 7778(760 0008).

CONNECTORS
DESCRIPTION | MATING CONNECTOR

C : 36 pin edge connector
D : 36 pin edge connector

E 36 pin edge connector Bus Interface DEC H8030 (2 required)

F : 36 pin edge connector

J1:16 pin DIP socket — Video Interface AUGAT 516-A6-37D

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

Width: 5.25in. (13.33 cm) +5V+5% @ 0.9A Operating temperature: 0°C to 55°C

Height: 8.50 in. (21.59 cm) Relative Humidity: 0% to 95% non-condensing

Depth: 0.50in. (1.27 cm)

ORDERING INFORMATION

MDC-2480 — XX- X
"T—Horizontal dots per character (6/8)

AS — American standard (60 Hz)
ES — European standard (50 Hz)
Example: MDC-2480-AS-6: 24 x 80 character display using a six dot wide character cell. Vertical refresh rate is 60 Hz

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no @
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

PDP-11 Digital Equipment Corp. TM
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5800 ANDOVER AVE., TM.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

512 x 512 GRAPHICS DISPLAY CONTROLLER FOR PDP-11 UNI-BUS

o Bit mapped 512 x 512 pixel display e Can be combined with MDC-2480
e 256 x 256, 512 x 256, 1024 x 256 formats e Transparent memory access
available

e PDP-11 UNI-bus* compatible

e Powerful X-Y virtual memory addressing & intarsisaxiemal ayne

e Hardware scroll built-in . .
e American/European operation
e Single instruction memory erase

e Color/grey-scale expansion

The MDC-512 is a member of Matrox’s complete line of PDP-11 UNI-bus compatible graphics video
boards. The MDC-512 family of cards is designed to interface a mini or microcomputer to a CRT
monitor and produce a B/W display of 512 x 512 points. The board also features built-in hardware
scroll capabilities and a single instruction memory erase.

The MDC-512 can also be combined with the MDC-2480 to produce a complete alphanumerics/
graphics video display system. Combining multiple MDC-512 cards, the OEM system designer can
construct a graphics display system with up to 24 bits/pixel (16 million different colors or grey levels).

i

t%u

—

%

APRIL 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. DS-C02-01
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Figure 1. MDC-512 block diagram

FUNCTIONAL DESCRIPTION
The MDC-512 consists of six main functional blocks (figure 1): Timing and Control Unit, Scroll Register, X-Y Registers,
Display Memory, Video Generator, and Bus Interface.

TIMING AND CONTROL UNIT

All timing and control signals required by the video monitor (horizontal/vertical sync and blanking), display refresh
memory (row/column addressing), and video generator (dot clock, load and shift) are generated by the Timing and
Control Unit. The exact configurations of these signals are user-programmable, via hardware straps, to enable the
MDC-512 to generate displays with up to 512 horizontal dots by 512 vertical dots. The board can also be strapped to
operate in either 50 Hz (European) or 60 Hz (American) systems.

The horizontal/vertical reset signals as well as the dot clock can be either generated on-board or accepted, through a
bidirectional port, from an external sync source. In this way the MDC-512 can be synchronized to operate with other
video boards as part of a complete video display system.

DISPLAY MEMORY

The MDC-512 can be populated with 4, 8 or 16K RAMs for displays of 256 x 256, 512 x 256, 512 x 512, or 1024 x 256
dots. Each point on the CRT screen is identified by a unique address within the display memory. When a point is to be
iluminated on the screen, a logic ‘1" is written to the appropriate display memory location.

The CPU reads/writes the display memory through a pair of memory-mapped 1/0 locations (X-Y Registers). This allows
two memory locations to address all of the 262,144 bits of the refresh memory (512 x 512). Once the X and Y address of
the dot has been loaded, the CPU can read/write the dot intensity. The dot intensity bit (image bit) can be assigned to
any data bus bit. The resultant CRT display is a black and white image with the intensity of each dot being either on
(logic **1”’) or off (logic “0").

In addition to the CPU read/write, the display memory is continually scanned by the Timing and Control Unit every
16.66ms (60 Hz) to generate video signals. Memory access arbitration circuitry on the MDC-512 efficiently resolves any
contention problems between read/write requests and CRT refresh requests in such a way that the display is ‘“trans-
parent” to user.

SCROLL

An on-board Scroll Register enables the user to scroll the display up or down. By loading the Scroll Register the user
can specify which horizontal line is to be displayed at the top of the screen. Lines scrolled off the top of the display will
“wrap-around’”’ and re-appear at the bottom of the screen.

SCREEN ERASE ‘ v

The entire refresh memory on the MDC-512 can be erased by a single OUTput instruction. Setting the memory erase en-
able bit when writing to the display memory will cause the entire memory to be set to that intensity (0 =black,
1 =white).

VIDEO GENERATOR
The MDC-512 works with all standard monochrome video monitors in American (60 Hz) and European (50 Hz) systems.
TTL level video, horizontal sync, vertical sync, as well as composite video signals are supported on-board.

3-8




RED GREEN BLUE

vy vy

DOT__ HOR. VERT OJE
CLOCK RESET RESET

HOR. VERT. OJE

por HOR. VERT. O/E
CLOCK RESET RESET )

DOT
CLOCK RESET RESET

MDC- 512 (stave) TTL

VIDEO
(BLUE)

MDC-512 (stave) TTL

VIDEO
(GREEN) ourt

MDC- 512 (master) TTL

VIDEO

out
(ReD ) out

sl gl
v
(— i )

Figure 2. ““Stacking” MDC-512 cards for color/grey scale displays

BUS INTERFACE

The MDC-512 plugs directly into the PDP-11 UNI-bus and works with both 8-bit and 16-bit processors. All the
Command and Status Registers as well as the Display Memory are accessed via memory mapped 1/0. The MDC-512
can be positioned on any 8 byte memory address boundary between 000 000 and 777 777s.

ALPHA/GRAPH DISPLAYS

The MDC-512 can be combined with the MDC-2480 to generate alphanumeric/graphic displays. An on-board alphanu-
meric input port accepts the TTL level alphanumeric video information from the MDC-2480 and combines it with the
graphics video from the MDC-512. The result is a powerful display combining both alphanumerics and graphics without
the overhead involved in generating alphanumeric characters using graphic techniques.

COLOR/GREY-SCALE EXPANSION

Multiple MLSI-512 cards can be combined to provide for color/grey-scale displays. As previously outlined (DISPLAY
MEMORY), the image bit on a given card can be assigned to any data bus bit. Thus the output of each card can be
assigned a different weight or color. By assigning cards to different data bus bits and strapping all the cards with the
same address, the intensity or color of a given dot can be loaded in a single instruction. A typical example of building
up a color video system using the MLSI-512 is shown in figure 2.

PROGRAMMING

The MLSI-512 is programmed, for various display resolutions, by on-board hardware straps. These straps are organized
into three 16 pin ‘“‘programming sockets” to facilitate simple re-programming of the board. Table 1 defines the
on-board jumpers used to configure the MLSI-512 for the various resolution options.

SOCKET JUMPER DESCRIPTION

Vertical display = 240 lines (American standard) or 256 lines (European standard)
Vertical reset = 262% lines (American standard)

Vertical reset = 312% lines (European standard)

Vertical sync = 244 lines (American standard)

Vertical sync = 276 lines (European standard)

Not used

Enable 512 dot vertical resolution

Not used

Enable 1024 dot horizontal resolution

Set memory access for RAM type used

Enable 1024 dot horizontal resolution

Disable 1024 dot horizontal resolution

Synchronize blanking for 512/1024 dot horizontal resolution
Synchronize blanking for 256 dot horizontal resolution

Dot clock = 5.53344 MHz (256 dot horizontal resolution)

Dot clock = 11.06688 MHz (512/1024 dot horizontal resolution)

Enable 256 x 256 addressing

Enable 512 x 256 addressing

Enable interlaced addressing (512 x 512/1024 x 256)

Enable 512 dot horizontal addressing

Enable 1024 dot horizontal addressing

Enable 512 dot vertical addressing

Synchronize LOAD SCROLL signal to 60 Hz (American standard)
Synchronize LOAD SCROLL signal to 50 Hz (European standard)

By
ONOOPWN=|ONOUIRWN=IONOOOIAWN A~

Table 1. Jumper Configurations




SPECIFICATIONS
FUNCTIONAL
MEMORY ACCESS TIME

Dot Write Time: 1.4 ps
DISPLAY PARAMETERS
RESOLUTION | RAM TYPE

256 X 256 4K

512 X 256 8K

512X 512 16K
1024 X 256 16K
VIDEO TIMING

For a 256 x 256 or 512 x 256 display, the video output is non-interlaced. For a 512 x 512 or 1024 x 256 display, the
video output is interlaced (two fields per frame). In order to avoid display flicker, a monitor with long persistence phos-
phors must be used.

SIGNAL | AMERICAN | EUROPEAN
Active Video 46 ps ! 46 ps
Horizontal Sync Frequency 15.8 KHz 15.8 KHz
Horizontal Sync Width 5.67 us 5.67 us
Vertical Sync Frequency 60 Hz 50.2 Hz
Vertical Sync Width 190 ps 190 ps
OUTPUT SIGNALS

TTL Level Video
Horizontal Sync
Vertical Sync
Composite Sync
* Composite Video

BUS INTERFACE

" Address, data, and control signals conform to PDP-11 UNI-bus Specifications
Display Memory, Command and Status Registers — Selectable on any 8 byte memory address boundary between
000 0008 and 777 7778 (760 0008)

CONNECTORS

DESCRIPTION MATING CONNECTOR

C : 36 pin edge connector, 0.125" centers

D : 36 pin edge connector, 0.125" centers ;

E :36 pin edge connector, 0.125" centers Bus Interface DEC H8030 (2 required)

F : 36 pin edge connector, 0.125" centers

J1 : phono connector — Composite Video RCA 901

V :16 pin DIP socket — Video Expansion Socket AUGAT 516-A6-37D
PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS
Width: 10.50in. (26.67 cm) +5V DC +5° @ 800mA Operating Temperature: 0°C to 55°C
Height: 7.75in. (19.69 cm) +12VDC +5° @ 200mA Relative Hymidity: 0% to 95% non-condensing

Depth: 0.50in. ( 1.27 cm)

ORDERING INFORMATION
MDC — XXX/XXX — XX

AS — American standard (60 Hz)
ES — European standard (50 Hz)

Vertical resolution (256/512)

L'———— Horizontal resolution (256/512/1024)

Example: MDC-512/512-AS: 512 x 512 pixel display with a vertical refresh rate of 60 Hz.

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no m
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.

PDP-11  Digital Equipment Corp. TM
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SECTION 4

STD-BUS VIDEO BOARDS

STD-ALPHA
Variable Format Alphanumeric Display Controller for STD-bus

STD-2480
24 x 80 Alphanumeric Display Controller for STD-bus

STD-256
256 x 256 Graphics Display Controller for STD-bus

STD-800
High Resolution Color Graphics Board for STD-bus

42




(wvm) !‘.'.‘“.?.,‘..'.?,:‘,....., Ita. STD-ALPHA

5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

VARIABLE FORMAT ALPHANUMERIC DISPLAY CONTROLLER FOR STD-BUS

e Software programmable text format e Programmable character height
e Up to 128 characters/row e 128 text/graphic symbols

e Up to 48 characters/column e STD-bus compatible

e Up to 2048 characters/page e Single +5V power supply

e Scroll e 50/60 Hz operation

e Blink e Programmable cursor

e Inverse video e Light pen interface

e Underline

The STD-ALPHA is a very flexible alphanumeric video controller. The video display format (number
of rows and columns of characters) is software programmable over a wide range. Also. the video
sync information is software programmable for 50 Hz, 60 Hz or non-standard monitor requirements.
The STD-ALPHA also features several powerful attributes including scroll, blink, inverse video, and
underline.

APRIL 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. DS-301-01
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Figure 1. STD-ALPHA block diagram

STD-ALPHA FEATURES

Resolution

Display Parameters

Character Attributes

Character Set

Character Height

Display Ram

Up to 2048 characters with program-
mable display features

All video parameters including hori-
zontal and vertical sync, blanking,
and display formats are user soft-
ware programmable to drive any
direct or composite B/W monitor.

Inverse video, blink, and underline
attributes are available on-board.

128 upper/lower alphanumeric char-
acters and graphics symbols are
available through an on-board MCH-
01 character generator. The charac-
ter set can be reduced, with hard-
ware straps, to produce a 64 lower
case only alphanumeric character
set.

Characters can be software selected
to be 1, 2, 3, or 4 times normal
height.

2K bytes of on-board memory, strap-
selectable on any 2K byte boundary
in system address space. CPU can
read/write memory using all memory
reference instructions. Display
memory can be reduced to 1K, when
used with small formats, to econo-
mize on RAM.

Memory Disable

Scroll

Cursor

Light Pen

TV Standard

Video Outputs

STD-Bus Interface

External access to the display
memory can be software-disabled to
permit multiple boards to occupy the
same space in system memory.

The display ‘‘window’’ can be
scrolled up or down with respect to
information in the display memory.

Cursor is inverted video that can be
full character, underline, or blink.
The cursor position is software con-
trolled.

Built-in light pen interface. CPU can
dynamically read the light pen
position through an internal CRTC
register.

STD-ALPHA can operate in either
60 Hz (American standard) or 50 Hz
(European standard).

Direct TTL level or 1Vpp, 75Q com-
posite video signals are available on-
board.

The STD-ALPHA is contained on a
single 6.5’ x 4.48” PC board which
is plug-in compatible with the STD-
bus. All address, data, and control
signals are STD-bus compatible.
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Figure 2. STD-ALPHA functional blocks
FUNCTIONAL DESCRIPTION

The STD-ALPHA provides a versatile alphanumeric display
system for the STD-bus based system designer. Contained
on a single 6.5’ x 4.48’’ printed circuit board is all the
required circuitry for generating up to 2048 character
displays. The STD-ALPHA can be regarded as six major
functional blocks (figure 2); Display Memory, CRT Con-
troller, Character Generator, Video Amplifier, Timing and
Control Unit, and a Bus Interface.

The Display Memory on the STD-ALPHA is made up of
4 2114 static RAMs providing a 2K byte memory-mapped
storage area. Addressable on any 2K byte boundary in sys-
tem address space, the STD-ALPHA'’s display memory can
be software disabled through programmed 1/0 command
to enable the user to place multiple boards in the same ad-
dress space. Also, when used with small display formats,
the display memory can be reduced to 1K bytes to econo-
mize on address space. Access time varies from access to
access depending on the display format and timing require-
ments used and on where the access is initiated with
respect to the display refresh cycle. The average access
time for formats using 128 characters/line is 343ns with
6 dots/cell and 500ns with 8 dots/cell. In less dense for-
mats the average access time approaches 240ns.

U

Each character position on the CRT screen corresponds to
a single location (8 bits) in the display refresh memory.
When a character is to be displayed, its Character Code is
written into the appropriate display memory locations. The
processor can read or write the display memory at full
speed using all memory reference instructions.

All display memory accesses (read, write, or refresh) are
controlled via a Transparent Memory Control circuit.
Through this circuit the RAM address lines are switched
between the CRTC (display refresh) and the system bus
(display memory read/write) by three 1 to 2 line multi-
plexers. By assuring that the system bus can not acquire
memory access while the display is being refreshed (figure
3), the STD-ALPHA avoids any memory contention problems
that would result in display streaking.

The CRT Controller (CRTC) is a VLSI IC which provides all
the necessary signals (horizontal and vertical blanking and
sync, display refresh RAM addresses, etc.) required to gen-
erate video displays. Through the CRTC, virtually all display
format parameters are user selectable (figure 4). Display
resolutions are only restricted by the intrinsic character-
istics of the monitor used. For most monitors (active video

mecx || | L | | 7 ) LI L_I 1
CCLK l I

WR/ L |

MEMRQ/

WAITRQ/

BCLE

Figure 3: Transparent Memory Control Timing Diagram
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Figure 4: Display Format Parameters

time = 48us) up to 128 characters per line can be for-
matted. Up to 48 character rows can be displayed on mon-
itors using a 60 Hz Vertical Scan Rate (American standard)
while a maximum of 52 lines can be programmed for mon-
itors using a 50 Hz scan rate (European standard). Note
that the number of characters formatted per display can
not exceed 2048.

The CRT Controller can also be programmed to generate a
displayable cursor, the position of which can be independ-
ently controlled by the CPU. The cursor is displayed on the
CRT as inverse video (dark areas become light and light
areas become dark) that can be full character, underline, or
blink (blink rate 2 or 4 Hz). The entire display can be
‘*scrolled” up or down through programmed |/0O command.
In this way the user can move the display ‘“‘window’’ to view
the entire display memory. The CRTC also enables the
STD-ALPHA to latch the position of an external light pen.
Once latched, the light pen position can be read by the
CPU.

The CRTC looks to the CPU as an array of 18 registers
which are indirectly accessed through two 1/0 ports. Dis-
play format parameters (number of characters/line, number
of lines, horizontal and vertical refresh frequency, etc.) are
established by loading these internal CRTC registers.

The Character Generator (MCH-01) is a 2K x 8 ROM which
can generate 128 characters, including ASCIl upper and
lower case and 32 graphics symbols (figure 5). The MCH-01
accepts the ASCll-coded Character Code (stored in display
memory) as an address pointing to a 6 x 10 bit “‘character
cell”. Within this character cell the binary information re-
quired to generate the character is stored. The Character
Generator can be strapped to supply a reduced set of
64 characters. The reduced character set does not include
the lower case characters or the graphic symbols. Also the
MCH-01 Character Generator is pin-compatible with the
2516 EPROM so that the user can easily implement his own
custom character font.

A character height PROM is included in the character
generation circuitry. This PROM addresses the individual
character rows within the character cell and determines
how many times each horizontal character segment is
addressed per character. In this way the character height
can be effectively expanded. The character height PROM,
under software control, produces characters that are 1, 2, 3,
or 4 times the normal character height. Moreover, when
used in the interlaced mode, these character heights are
halved, thereby providing a total of six possible character
heights.

PIN CONFIGURATION
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The Video Amplifier (figure 6) on the STD-ALPHA accepts
the video information as a serial data stream, through a
shift register, from the character generator. This data is
then synchronized with the vertical and horizontal sync sig-
nals and sent out as TTL level video outputs. Alternately
the output video can be combined with the sync signals to
produce a standard 1Vpp, 75Q terminated composite video
signal.

Character attributes can be added to each character as it
passes through the video amplifier. The STD-ALPHA offers
three on-board character attributes; blink, inverse video,
and underline. When used with the full 128 character set
any one of these attributes can be strap-selected. With the
reduced 64 character set, up to two attributes per charac-
ter may be selected. Character attributes are enabled by
the unused bits in the Character Code (1 bit in the 128
character set and 2 bits in the reduced set).

The Timing and Control Unit generates the timing signals
required by the CRTC (Character Clock) and the video am-
plifier (Dot Clock and Load) to generate the video displays.
The Timing and Control Unit also generates the timing
signals necessary for the display refresh memory (Memory
Access Clock). This circuit (figure 7) consists of the master
oscillator (16 MHz crystal), variable modulo counter (divide
by 1-8) which is controlled by the programmed number of
dots/cell to produce the Memory Access Clock (used to
switch memory accesses between system bus and display
refresh) and the appropriate load and shift signals for the
display. The Timing and Control Unit also includes two
divide by 16 counters which provide the Dot Clock and

Character Clock signals.

16MHz  X-TAL

ouT

The STD-Bus Interface contains the logic required to inter-
face the STD-ALPHA with the STD-bus. The position of the
STD-ALPHA’s 1/0 ports and display memory within the
system address space is determined by comparing bus ad-
dresses against a set of straps (I/0O ports are addressable
on any 4 byte address boundary in system address space
and the display memory can be strapped to any 2K block of
system memory space).

Programming

The STD-ALPHA is programmed through 3 1/0 registers.
Two of these registers (CRTC Address Register and CRTC
Data Port) are used in turn to load 18 internal CRTC regis-
ters. By loading these registers the user can program the
STD-ALPHA to generate displays using virtually any display
format (Table 1).

Parameter Description
Horizontal Characters | Up to 128
Vertical Lines Up to 48

(52 with European standard)
1, 2, 3, 4 times normal

6/8 dots

50 Hz/60 Hz

Interlaced /non-interlaced

Character Height
Character Cell Width
Vertical Refresh Rate
Raster Scan

Table 1: Programmable Display Format Parameters

MEMORY ACCESS
CLOCK
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HARACTE
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DOT CLOCK
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Figure 7: Timing and Control Unit




Relative
Location Direction Name Function
00H WRITE CRTC Address Select CRTC register to be accessed.
ONLY Register
01H READ CRTC CRTC register addressed by the CRTC
WRITE Data Port Address Register
02H WRITE Control Selects Dot Clock Divider, Dots/cell,
ONLY Register Character height, memory enabled/
disabled.
Table 2: STD-ALPHA 1/0 registers
Address Register Register
43210 Number Name Function
00000 RO Horizontal Total number of horizontal characters
Total including retrace.
00001 R1 Horizontal Number of characters displayed per line.
Displayed
00010 R2 H. Sync Horizontal sync position in units of
Position horizontal character time.
00011 R3 Sync Width Horizontal and vertical sync pulse widths
in units of horizontal character time.
00100 R4 Vertical Total number of vertical lines per frame
Total including retrace.
00101 R5 Vertical Optimum number from 0-31 to adjust total
Total Adjust number of rasters per frame.
00110 R6 Vertical Number of displayed character rows per
Displayed frame.
00111 R7 V. Sync Vertical sync position in units of
Position horizontal character time.
01000 R8 Interlace/ Set up raster scan mode and skews of
Skew CUDISP, DISPTMG signals.
01001 R9 Max. Raster Defines total number of rasters per
Address character including spacing.
01010 R10 Cursor Start Cursor start raster address and cursor
Address display mode.
01011 R11 Cursor End Cursor end raster address.
Address
01100 R12 Start
Address (HI)
01101 R13 Start Address of refresh memory to read out.
Address (LO)
01110 R14 Cursor (HI) )
01111 R15 Cursor (LO) Cursor display address.
10000 R16 Light Pen (HI) .
10001 R17 Light Pen (LO) | Light Pen latch.

Table 3: CRTC Registers




SPECIFICATIONS

FUNCTIONAL

MEMORY ACCESS TIME

The number of wait states required by the STD-ALPHA depends upon the type of access (read or write), the speed of
the CPU, and where the RD and WR requests fall in relation to the board’s internal timing. In the worst case three wait
states are required for a memory write using a 4 MHz CPU.

Access to the STD-ALPHA 1/0 ports is fast enough that wait states, other than the one automatically inserted by the
CPU, are not required and WAITRQ is never pulled low.

DISPLAY PARAMETERS:

PARAMETER DESCRIPTION

Resolution 2048 characters max.

Horizontal columns 128 characters max.

Vertical rows 48 lines max. (American), 52 lines (European)
Character cell size 6/8 dots horizontal

Character height 1,2,3,4 times normal

Vertical refresh rate 50 Hz/60 Hz

VIDEO TIMING

The following table gives the video timing, for both American and European systems, of a display with 24 lines of
80 character using the standard 16 MHz crystal. Note that all these parameters are programmable and are determined
by the user.

SIGNAL | AMERICAN | EUROPEAN
Active Video 40 us 30 ps
Horizontal Sync Frequency 15.78 KHz 15.68 KHz
Horizontal Sync Width 5.25 s 5.62 us
Vertical Sync Frequency 59.97 Hz 49.95 Hz
Vertical Sync Width 191.12 us 191.25 ps
IMPUT SIGNALS OUTPUT SIGNALS

Light Pen Enable TTL Level Video

Light Pen Strobe Horizontal Drive

Vertical Drive
Composite Video
BUS INTERFACE

Address, data, and control signals conform to Mostek-Prolog STD-bus specifications.
Command and Status Registers — Selectable on 4 byte |/O boundaries 00 - FF (FCH)

Display Refresh Memory — Selectable on 2K byte memory address boundaries 0000 — FFFF (BOOOH)
CONNECTORS

DESCRIPTION | MATING CONNECTOR

P1 : 56 pin edge connector — STD-bus Interface ANSLEY 609-561 5M

J1 :10 pin right angle header — Video Interface/Light Pen Interface MOLEX 10-55-3103

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

Width: 4.48in. (11.38 cm) +5VDC +5% @ 2A Operating Temperature: 0°C to 55°C

Height: 6.50in. (16.51 cm) Relative Humidity: 0% to 95% non-condensing

Depth: 0.50in.( 1.27 cm)

ORDERING INFORMATION
STD-ALPHA — XXX

015 — No underline
016 — Underline in row 12 (in character cell)
072 — Underline in row 10 (in character cell)
Example: STD-ALPHA-016: Programmable format alphanumeric display controller with an underline attribute
supported in line 12 of the character cell.
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Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.
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@ mc‘ectn‘kolg":!cm: itd. STD-2480

5800 ANDOVER AVE., T M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

24 x 80 ALPHANUMERIC DISPLAY CONTROLLER FOR STD-BUS

® 24 row x 80 column alphanumeric video e Directly drives any monochrome monitor
display .
e Single +5V supply

* STD-bus compadibie e External/internal Sync capability

e Inverse video
e Blink

e American/European operation

The STD-2480 is a STD-bus compatible alphanumeric display controller which is capable of gener-
ating displays of 24 lines of 80 characters per line. Characters can be displayed as either white on a
black background or black on a white background. Each character can also be set to blink under
software control.

The character font provided with the STD-2480 contains 128 - 5 x 7 upper/lower case alphanu-
meric characters and graphic symbols. A custom character generator can be user programmed for
special font requirements.

The STD-2480 works with all standard monochrome video monitors in Europe (50 Hz) and America
(60 H2).

L -

Asdadasa

o mmmmnn

APRIL 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. DS-302-01
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Figure 1. STD-2480 block diagram

FUNCTIONAL DESCRIPTION
The STD-2480 is made up of five major operational blocks: Timing and Control Unit, Display Memory, Character Generator,
Video Generator, and Bus interface. Communications between these blocks are shown in figure 1.

TIMING AND CONTROL UNIT

All timing and control signals required to generate a video display with 24 lines of 80 characters per line are supported
on-board the STD-2480. The Timing and Control Unit, consisting of the master oscillator (11 MHz) and various modulo
counters, produces the horizontal and vertical sync signals needed by the monitor as well as all timing signals for
display refresh memory (RAS, CAS).

The horizontal/vertical reset signals as well as the dot clock can be either generated on-board or accepted through a
bidirectional port, from an external sync source. In this way the STD-2480 can be synchronized to operate with other
video boards as part of a complete video display system.

DISPLAY MEMORY
The STD-2480 contains 2K bytes of on-board display refresh memory, to store up to 24 lines of 80 characters (1920

characters). The display memory occupies 4K bytes of system address space thereby permitting the CPU to identify
each character location with a unique 12 bit address.

Each character position on the CRT screen corresponds to an 8 bit location in the display refresh memory. Characters
are written on to the display by loading the ASCII Character Code to the appropriate display memory location. The CPU
can read/write the display memory at full speed using all memory reference instructions.

All accesses to the display memory are controlled by a ‘“Transparent Memory’’ control circuit within the Timing and
Control Unit. In this way all accesses to the display memory (read, write, refresh) are efficiently arbitrated. The Trans-

parent Memory control circuitry permits the CPU to read or write the refresh memory at any time and the display is free
of glitches.

CHARACTER GENERATOR

The STD-2480 contains an on-board 2716 EPROM which contains the binary video information to generate a 128 char-
acter set. The supplied character font consists of the full 96 upper/lower case alphanumeric character set with the
addition of 32 special graphic characters. The alphanumeric characters are formed in a 5 x 7 dot matrix within a
6 x 10 dot character cell. The graphics characters utilize the entire character cell to allow for drawing continuous lines.

The STD-2480 permits simple implementation of custom character fonts. To install a new character set, the user need
only reprogram the EPROM character generator with the video information to generate his own font.
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Figure 2. Combining STD-2480 and STD-256 cards for alpha/graph displays

ATTRIBUTES

Each character is accessed by seven bits of the eight bit ASCIl Character Code. This releases the most significant
eighth bit for attribute selection. Characters displayed on the STD-2480 can be displayed either as normal (white on a
black background), inverted (black on a white background), blinking, or both inverted and blinking. Character attrib-
utes are selected by on-board hardware straps and are enabled/disabled by the eighth bit of the character code.

The on-board character generator can be strapped to generate a reduced 64 upper case only character set. In this
configuration an extra bit from the character code is released. These two surplus bits can be used to independently
enable/disable the two character attributes.

VIDEO GENERATOR
The STD-2480 can directly drive any standard monochrome video monitor. Composite video signals as well as separate
TTL level video, horizontal/vertical sync and blanking signals are supported on-board.

BUS INTERFACE

The STD-2480 plugs directly into the STD-bus. The display refresh memory, which is memory mapped into the STD-bus
memory address space, can be strapped to reside at any 4K byte memory address boundary between 00004 and
FFFFH.

GRAPHICS

The STD-2480 can be integrated as an alphanumeric controller, within a complete alpha/graph video system. By
configuring the STD-2480 to operate in the slave mode, the horizontal/vertical reset lines and the dot clock line are set
to act as input ports. In this way the board can be synchronized to a master sync source. These lines can also be
configured to operate as output ports to enable the user to configure his system to synchronize to the STD-2480. A typ-
ical application of combined alphanumerics/graphics is shown in figure 2, where the graphics board (STD-256) acts as
the master sync source.

PROGRAMMING
The STD-2480 operational status (American/European compatibility, Master/Slave operation, base address, etc) is pro-
grammed via on-board hardware straps. Table 1 outlines the definitions of these straps.

JUMPER NO. | DESCRIPTION

W12 Select Master/Slave mode

W 3,4,5,6,19,20,21,22 Select base address

W 7,8,9,10,11,12 Select character attributes

W 13,14,15,16,17,18,23,24,27,28 Select American/European TV standard

W 25,26 Enable/disable external sync to output video

Table 1. Jumper definitions
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SPECIFICATIONS

FUNCTIONAL

MEMORY ACCESS TIME

With Transparent Memory Access: 800ns
Without Transparent Memory Access: 500ns

DISPLAY PARAMETERS

DESCRIPTION DISPLAYED

Resolution 1920 characters

Horizontal Characters 80 characters

Vertical Lines 24 lines

Character Cell Size 6 horizontal dots x 10 vertical dots
VIDEO TIMING

To generate a video display of 24 x 80 characters with a 6 dot wide character cell, the STD-2480 uses an.11.06688 MHz
crystal. The following table gives the video timing in both American and European standards.

SIGNAL | AMERICAN | EUROPEAN
Active Video 43.0 us 43.0 us
Horizontal Sync Frequency 15.8 KHz 15.8 KHz
Horizontal Sync Width 4.4 us 4.4 us
Vertical Sync Frequency 60.0 Hz 50.2 Hz
Vertical Sync Width 192.0 ps 190.0 ps

OUTPUT SIGNALS

TTL Level Video
Horizontal Drive
Vertical Drive
Composite Sync
Composite Video

BUS INTERFACE

Address, data and control signals conform to Pro-Log STD-bus specifications
Control Registers and Display Memory — Selectable on any 4K byte memory address boundary 0000H — FFFFH (4000H)

CONNECTORS

DESCRIPTION ‘ I MATING CONNECTOR

P1 : 56 pin edge connector — Bus Interface ANSLEY 609-561 5M

J1 :16 pin DIP socket — Video Interface AUGAT 516-A6-37D

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

Width: 4.50in. (11.43 cm) +5VDC +5% @ 0.8A Operating Temperature: 0°C to 55°C -

Height: 6.75in. (17.15 cm) Relative Humidity: 0% to 95% non-condensing

Depth: 0.50in.( 1.27 cm)

ORDERING INFORMATION
STD-2480 — XX

AS — American standard (60 Hz)
ES — European standard (50 Hz)

Example: STD-2480-AS: 24 x 80 character display with a vertical refresh rate of 60 Hz.

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. Howsever, no @
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.
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@ mc?otn'kotg":!cmt Itd. STD-256

5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

256 x 256 GRAPHICS DISPLAY CONTROLLER FOR STD-BUS

e Displays 256 x 256 dot raster graphics e Can be combined with STD-2480
e Powerful X-Y addressing e STD-bus compatible

e Single instruction memory erase e Internal/external sync

e Color/grey-scale expansion e American/European operation

The STD-256 is a complete graphics display controller on a single STD-bus plug-in board. It con-
tains its own 65,536 bit refresh memory and TV sync and video generators. Each display dot (pixel)
is addressable via X-Y Registers and can be either written to or read from. Three STD-256 cards
can be combined to provide a full 256 x 256 x 8 color graphics display.
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APRIL 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. DS-303-01
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Figure 1. STD-256 block diagram

FUNCTIONAL DESCRIPTION
The STD-256 consists of five main functional blocks (figure 1): Timing and Control Unit, X-Y Registers, Display Memory,
Video Generator, and Bus Interface.

TIMING AND CONTROL UNIT
All timing and control signals required by the video monitor (horizontal/vertical sync and blanking), display refresh
memory (row/column addressing), and video generator (dot clock, load and shift) are generated by the Timing and
Control Unit. The exact configurations of these signals are user-programmable, via hardware straps, to enable the
STD-256 to generate displays with up to 256 horizontal dots by 256 vertical dots in either 50 Hz (European) or 60 Hz
(American) systems.

The horizontal/vertical reset signals as well as the dot clock can be either generated on-board or accepted, through a
bidirectional port, from an external sync source. In this way the STD-256 can be synchronized to operate with other
video boards as part of a complete video display system.

DISPLAY MEMORY

The STD-256's display refresh memory is made up of 8K bytes of on-board dynamic RAM which contains the binary
picture information for a 256 x 256 dot raster graphics display. Each point on the CRT screen is identified by a unique
address within the display memory. When a point is to be illuminated on the screen, a logic ‘1" is written to the
appropriate display memory location.

The CPU reads/writes the display memory through a pair of I/0 locations (X-Y Registers). This allows two |/0 loca-
tions to address all of the 65,536 bits of the refresh memory (256 x 256). Once the X and Y address of the dot has been
loaded, the CPU can read/write the dot intensity. The dot intensity bit (image bit) can be assigned to any data bus bit.
The resultant CRT display is a black and white image with the intensity of each dot being either on (logic ““1'") or off
(logic ““0").

In addition to the CPU read/write, the display memory is continually scanned by the Timing and Control Unit every
16.66ms (60 Hz) to generate video signals. Memory access arbitration circuitry on the STD-256 efficiently resolves any
contention problems between read/write requests and CRT refresh requests in such a way that the display is “‘trans-
parent’ to the user.

SCREEN ERASE

The entire refresh memory on the STD-256 can be erased by a single OUTput instruction. Setting the memory erase
enable bit when writing to the display memory will cause the entire memory to be set to that intensity (0 = black,
1 = white).

VIDEO GENERATOR
The STD-256 works with all standard monochrome video monitors in American (60 Hz) and European (50 Hz) systems.
TTL level video, horizontal sync, vertical sync, as well as composite video signals are supported on-board.
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Figure 2. “‘Stacking” STD-256 cards for 8 level color/grey scale displays

BUS INTERFACE
The STD-256 plugs directly into the STD-bus. The card uses four eight bit ports for control, data, and X and Y addressing.

A parallel 1/0 card such as the Mostek MDX-PIO or the Prolog 7601 is required to provide data bus buffering for the
STD-256. Up to six STD-256 cards can be supported by a single interface card.

ALPHA/GRAPH DISPLAYS

The STD-256 can be combined with the STD-2480 to generate alphanumeric/graphic displays. An on-board alphanu-
meric input port accepts the TTL level alphanumeric video information from the STD-2480 and combines it with the
graphics video from the STD-256. The result is a powerful display combining both alphanumerics and graphics without
the overhead involved in generating alphanumeric characters using graphic techniques.

COLOR/GREY-SCALE EXPANSION

Multiple STD-256 boards can be ‘‘stacked’ to provide for sophisticated color or grey-scale applications that require
more bits per pixel. Up to 24 STD-256 boards may be combined in this way to provide up to 24 bits/pixel (over 16 mil-
lion colors).

PROGRAMMING
The STD-256 can be programmed for American/European standard operation via a series of on-board hardware straps.

Additional straps are provided to program the board to operate in either master or slave mode and to set the boards
base address.

JUMPER DEFINITION
W1 Select master/slave operation
S1 1 Enable video software control
2 Disable video software control
3
4
5 Select European/American operation
6
7
8
P3 jumper matrix Locate data input/output lines

Table 1. Jumper definitions
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SPECIFICATIONS

FUNCTIONAL

MEMORY ACCESS TIME
Dot Write Time: 1.4 us

DISPLAY PARAMETERS

DESCRIPTION l RESTRICTION

Horizontal Resolution 256 dots max.

Vertical Resolution 256 dots displayed max. (50 Hz), 240 dots displayed max. (60 Hz)
VIDEO TIMING

The STD-256 generates a display of 256 horizontal dots by 256 vertical dots using an 11.06688 MHz crystal. The following
table gives the timing in both American and European standards.

SIGNAL | AMERICAN | EUROPEAN
Active Video 456 s ' 45.6 s
Horizontal Sync Frequency 15.7 KHz 156.7 KHz
Horizontal Sync Width 5.60 ps 5.60 s
Vertical Sync Frequency 60.0 Hz 50.0 Hz
Vertical Sync Width 240.0 ps 240.0 ps
OUTPUT SIGNALS

TTL Level Video
Horizontal Sync
Vertical Sync
Composite Sync
Composite Video

BUS INTERFACE

Four 8-bit ports must be interfaced to the STD-bus via a Mostek or Prolog parallel 1/0 card. The STD-256 takes only
power and reset directly from the bus.

CONNECTORS

DESCRIPTION | MATING CONNECTOR

P1 :56 pin edge connector — STD-Bus Interface ANSLEY 609-5615M

P3 : 56 pin edge connector — 1/0 Interface ANSLEY 609-5615

V :16 pin DIP socket — Video Interface AUGAT 516-A6-37D

PHYSICAL

SIZE POWER REQUIREMENTS ENVIRONMENTAL REQUIREMENTS

Width: 4.48in.(11.38 cm) +5V DC +5% @ 400 mA Operating Temperature: 0°C to 55°C

Height: 6.50in. (16.51 cm) +12VDC +5% @ 100 mA Relative Humidity: 0% to 95% non-condensing

Depth: 0.50in. ( 1.27 cm)

ORDERING INFORMATION
STD-256 — XX

AS — American standard (60 Hz)
ES — European standard (50 Hz)

Example: STD-256-AS: 256 x 256 graphics display with a vertical refresh rate of 60 Hz.

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-
formation furnished by Matrox Electronic Systems Ltd in this publication is believed to be accurate and reliable. However, no
responsibility is assumed by Matrox Electronic Systems Ltd for its use; nor 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 Electronic Systems Ltd.
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@ mcﬁotn'kolg":hmt itd. STD-800

5800 ANDOVER AVE., TM.R., QUE., H4T 1H4, CANADA
TEL.: 514—735-1182 TELEX: 05-825651

HIGH RESOLUTION COLOR GRAPHICS BOARD FOR STD-BUS

o Display resolution up to 800 x 600 x 4 e Split-screen, pan, and scroll
e 16 colors selectable from a palette of 4096 e Analog RGB video outputs
e System expansion capabilities allow up to e Single +5V supply

12 bits/pixel (4096 simultaneously

displayable colors) e Supports DMA transfers

e VLSI graphics processor (7220) draws ® Light pen support
vectors, arcs, circles, rectangles, and ® 50/60 Hz interlaced or non-interlaced
characters operation

The 