
































































































































































































































































































































































































































































































































































































































































































































matroa <• •) clccllonlc 1y1lcm1 Ud. 
5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA 
TEL.: 514-735-1182 TELEX: 05-825651 

MACS-86 

8086 BASED MULTIBUS OEM COMPUTER SYSTEM WITH CP/M-86 DOS 

MAY 1983 

• 8086 10 MHz CPU board 

• 640K bytes system RAM 

• 1 MB floppy disk 

• 20MB Winchester disk 

• 9-slot card cage with power supply 

• Desktop or rackmount chassis 

•Equivalent to Intel system 86/330 

• CP/M-86 or Concurrent CP/M-86 
operating system 

• Multibus architecture 

• RS-232C terminal interface 

• Parallel interface for printer 

• 115/230 volt, 50/60 Hz operation 

• 2 hour battery back-up for RAM 

• Automatic power failure recovery 

The MACS-86 is a versatile OEM microcomputer system based on the industry standard 8086 CPU 
and CP /M-86 operating system. The system contains 640K bytes of dynamic RAM memory, a 1 M 
byte 5114'' floppy disk drive, and a 20M byte hard disk drive. The complete electronics are contained 
on three Multibus boards, leaving six slots available for user expansion. 

Interfaces are included for a video terminal and a line printer. 

MATROX products covered by Canadian and foreign patent and/or patent pending. 
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Figure 1. MACS-86 block diagram 

FUNCTIONAL DESCRIPTION 

The MACS-B6 is a powerful 16-bit OEM microcomputer sys­
tem, based on the 10 MHz BOB6 CPU, which runs under the in­
dustry standard CP /M-B6 operating system. Housed within 
the system cabinet (rackmount or attractive desktop versions 
are available) are the CPU board, a combined Winchester/ 
Floppy disk controller, and a 512K byte RAM memory board 
(figure 1 ). Also included in the MACS-B6 are a 1 M byte floppy 
disk drive and a 19M byte Winchester drive. 

CENTRAL PROCESSING UNIT 

At the heart of the MACS-B6 microcomputer system is the Mat­
rox MBC-B6/12A CPU board. Based on the industry standard 
B MHz BOB6 16-bit centr?I processing unit, the MBC-B6/12A 
supplies the MACS-B6 with high speed, high performance 
processing capabilities. Standard on-board features of the 
MBC-B6/12A include an B-level programmable interrupt con­
troller, two programmable counter/timers, RAM, ROM, parallel 
and serial interfaces, two iSBX connectors for I /O expansion-, 
and an BOB7 coprocessor socket. 

On-Board Memory - The MBC-B6/12A contains 12BK bytes of 
on-board dynamic RAM memory which is dual ported to per­
mit read/write accesses from either the on-board BOB6 or an 
external processor via the Multibus. The MBC-B6/12A's on­
board processor has priority over Multibus requests for access 
to the on"board RAM and can also "protect" any or all of this 
memory, from Multibus access, in 16K byte segments. 

SYSTEM MEMORY 
Besides the 12BK bytes of RAM on the MBC-B6/12A CPU 
board, the MACS-B6 contains a memory board (MEGA-4) 
which provides an additional 512K bytes of read/write system 
memory. The MEGA-4 features an on-board Memory Manage­
ment Unit (MMU) which divides the 512K bytes of MEGA-4 
memory into BK byte blocks, and maps each of these blocks 
into an BK byte block of system address space (figure 2). The 
Memory Management Unit also enables the user to define 
each BK byte block of memory as read/write protected, read 
only, write only, or read/write. The user can change the mem­
ory mapping or read/write definition for any or all of the BK 
byte memory blocks by simply writing to a pair of I 10 regis­
ters. 
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Figure 2. Memory. Management Unit 

ON-BOARD 
ADDRESS 
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The MEGA-4 has on-board parity generation and checking, 
which ensures the validity of data transfers from the memory 
board. On parity error (the MEGA-4 uses an odd parity 
scheme), an interrupt is issued. 

BATTERY BACK-UP 

The contents of the MACS-B6 system RAM memory (MEGA-4 
and MBC-86/12A) are protected against power interruptions 
by a 6V, 2.6 A.H. back-up battery. If the input AC line voltage 
drops below a low level voltage level (1 OSV for American sys­
tems and 21 av for European systems) for more than 11 msec., 
the Power Fail Detect circuitry informs the 80B6 CPU of an im­
pending power failure and activates the back-up supply. The 
back-up battery power is maintained, during normal oper­
ations, by an integral trickle charger. 



Power Fail Recovery - The MACS-86 has an automatic 
power-fail recovery feature usually found only in mainframe 
and supermini computers. When an advanced power fail de­
tect interrupt occurs, the CPU saves all internal register con­
tents and activates a back-up supply for RAM. When line 
power is restored, the CPU will reinitialize all registers and 
continue at the point of power interruption. 

DISK CONTROLLER 

A mass storage controller board is supplied with the MACS-86 
to provide high speed OMA transfers between the system bus 
and the integral mass storage devices. A pipelined hardware 
architechture permits high data throughput and an on-board 
dual-ported 4K byte RAM buffer allows a full track of data to 
be read in one disk rotation. A proprietary error correction 
chip is incorporated on the disk controller board which can 
generate both Winchester ECC and CRC codes for the floppy 
disk. When disk data is read, this error correction chip will 
detect error bursts of up to 22 bits in length and will correct 
up to 11 bits. If "hard errors" are detected on a disk track 
(attempts to re-read data fails to produce correct data), an al­
ternate track address is written on the bad track's ID sector 
header. This alternate track address acts as a pointer to an 
alternative track during all subsequent disk operations. The 
controller automatically seeks an alternate track whenever a 
bad track is encountered. The disk controller is capable of 
controlling two 51!.'' Winchester drives (ST506 or equivalent) 
and two 51!.'' floppy disk drives (SA460 or equivalent). 

DISK DRIVES 
The MACS-86 incorporates a 5%" floppy disk drive and a 51!.'' 
Winchester disk drive providing a total of 20M bytes of for­
matted mass memory storage. The Winchester drive supplies 
19.14M bytes of mass storage on three double sided/double 
density platters. The drive has an average access time of 72 
msec. and a transfer rate of 5.0M bits/second. The floppy disk 
drive is a 1.0M byte double sided/double density unit which 
has an average access time of 94 msec. and a data transfer 
rate of 250K bits/second. This drive can be used for both data 
storage and system back-up. 

CONSOLE INTERFACE 

The MACS-86, as supplied, supports a serial interface for a 
standard ASCII CRT console device. This port is wired as a 
data set modem and supports TxD, RxD, CTS, DTR, and DSR 
lines compatible with the EIA-RS-232C serial interface specifi­
cation. The console interface is implemented using a program­
mable communications controller on the MBC-86/12A board, 
which is initialized by a ROM monitor program (see MON-86/ 
12). The serial interface is accessed via a standard DB-25 con­
nector located on the back panel of the system chassis. 

PRINTER INTERFACE 
The parallel port on the MBC-86/12A CPU board is initialized, 
by the CP /M-86 operating system, as an interface to any Cen­
tronics compatible printer. A negative going software strobe is 
used to transfer data to the printer when the BUSY line is low. 
A edge connector and wiring harness connect printer data 
from the MBC-86/12A to a DB-25 connector on the back 
panel of the system chassis. 

SOFTWARE 

The MACS-86 is supplied with a comprehensive software pack­
age which includes the industry standard CP /M-86 Operating 
System, a ROM-based monitor program for the MBC-86/12A 
CPU board (MON-86/12), and diagnostics routines for system 
debugging (TESTMACS-86). 

CP/M-86 - The powerful CP/M-86 Operating System, sup­
plied with the MACS-86, contains all of the facilities of the pop­
ular CP /M 8-bit Operating System with additional features to 
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account for increased processor address space of up to one 
megabyte of main memory. CP /M-86 also takes advantage of 
the static relocation capabilities inherent in the 8086 
processor. Concurrent CP /M-86 is also available as an option 
with the MACS-86 system. 

The MACS-86 CP /M-86 Operating System is supported by a 
number of utility programs such as ED, PIP, STAT, FORMAT, 
and SUBMIT which operate in the same way as the equivalent 
routines under CP/M. Also, ASM-86 allows assembly language 
programming and development for the 8086 and DDT-86 pro­
vides debugging of 8086 machine code. 

MON-86/12 - The MBC-86/12A CPU board contains an on­
board ROM-based monitor program. On reset, the MON-86/12 
monitor is used to determine and match the baud rate of the 
console device, to establish serial communications. Succeed­
ing this, MON-86/12 will then either boot CP/M-86 (if a for­
matted disk is present in drive A) or display the prompt charac­
ter "." on the console device and wait for a command to be 
typed. MON-86/12 supports an 18 instruction command set 
which permits the user to perform such functions as: Compare 
two memory blocks, Display the contents of a memory block, 
Find a match in a memory block, Execute a program, Examine 
and modify registers, and Input or output data from/to an I /0 
port. MON-86/12 also provides the power fail recovery service 
routines. 

TESTMACS-86 - TESTMACS-86 is a diagnostics program de­
signed to isolate problems in the MACS-86. It allows the user 
to test the disk subsystems, the system RAM, the printer port 
interface, and the console interface. If a problem is encoun­
tered by the disk or memory tests, an error message will be 
displayed. TESTMACS-86 also keeps two sets. of tables for re- . 
cording errors. The user can display these tables at any time. / 

BUS COMPATIBILITY 
The Matrox MACS-86 implements the industry standard Multi­
bus (IEEE-796). The Multibus enables several bus masters, 
such as CPU and OMA devices, to share the bus and memory 
by operating at different priority levels. MACS-86 supports two 
modes of priority arbitration; serial and parallel. As supplied, 
the MACS-86 uses parallel priority arbitration with a fixed prior­
ity scheme which assigns the top card slot as priority level 
# 1, slot # 2 as priority level # 2, slot # 3 as priority level # 3, 
... , and slot # 9 as priority level # 9. The priority schedule can 
be changed by the user via a set of hardware straps. 

SYSTEM EXPANSION 

The MACS-86 system chassis (CCB-9) contains 9 slots of 
which only three are used in the basic system configuration. 
The other six slots are available for adding on additional 
boards for increased versatility. Matrox supports a full line of 
alphanumeric and graphic video boards that can be in­
corporated into the MACS-86 to add computer generated dis­
play capabilities. Additional system memory can be added to 
the MACS-86 by plugging in more Matrox MEGA-4 memory 
boards for up to 2M bytes of RAM. 

The 1/0 capabilities of the CPU board can be expanded via 
the two iSBX Multimodule sockets. Matrox supports a number 
of Multimodules including a dual RS-232C/RS-423 serial inter­
face module (MSBX-423), an RS-232C/RS-422 serial interface 
(MSBX-422), and a high resolution color graphics CRT con­
troller module (MSBX-800), which fit in these sockets. A numer­
ical coprocessor (8087) can be plugged into the MBC-86/12A 
CPU's coprocessor socket to add floating point capabilities. 

A large variety of CP /M-86 software packages are current avail­
able. High level languages include; FORTRAN, COBOL, BASIC, 
PASCAL, and C. Moreover, numerous applications packages 
are available from a variety of sources. Matrox supports a number 
of software packages designed to work with the Matrox video 
boards. 



HOST PROCESSOR (MBC-86/12A) 

CPU 
WORD SIZE - instructions 

SPECIFICATIONS 

8086, 10 MHz CYCLE TIME 250ns (min.) 
128K bytes 

-data 
- address 

8, 16, 24, 32 bits 
8, 16 bits 
20 bits 

ON-BOARD MEMORY - RAM 
-ROM 4K bytes (MON-86/12 monitor) 

sockets for up to 32K bytes 

MEMORY BOARD (MEGA-4) 

WORD SIZE 
CYCLE TIME 
ON-BOARD MEMORY 

DISK CONTROLLER (DSD-5215) 

DISK FORMAT 

DISK STORAGE 

SOFTWARE 

8, 16 bits 
725ns 
512K bytes 

bytes/sector 

sectors/track 

CAPACITY Unformatted 
per disk 
per surface 
per track 

Formatted 
per disk 
per surface 
per track 

FLOPPY DISK WINCHESTER 

256 J 512 l 1024 128 l 256 l 512 1 1024 

16 I 8 I 4 s4 I 31 I 17 9 

FLOPPY DISK WINCHESTER 

1.0M bytes 20.0M bytes 
SOOK bytes 5.0M bytes 
6250 bytes 10416 bytes 

655.4K bytes 17.7M bytes 
327.7K bytes 4.4M bytes 
4096 bytes 9.2K bytes 

MON-86/12 - media 
- function 

ROM 
MBC-86/12A monitor 
double density diskette 
disk operating system 

TESTMACS-86 - media 
- function 

double density diskette 
system diagnostics program 

CP/M-86 - media 
- function 

BUS COMPATIBILITY 

All control, address, and data lines conform to Multibus (IEEE-796) specifications. 

ADDRESSING 

SIZE 

Width: 
Height: 

POWER REQUIREMENTS 

MBC-86/12A RAM 

MEGA-4 RAM 

MON-86/12 ROM 

19.0 in. (48.26 cm) 
7.0 in. (17.78 cm) 

115V/60 Hz@ 120W 
220V /50 Hz@ 120W 

POWER SUPPLIES AVAILABLE FOR EXPANSION 

MEMORY 

OOOOOH - 1 FFFFH 

20000H - 9FFFFH 

FFOOOH - FFFFFH 

Depth: 
Weight: 

23.2 in. (58.42 cm) 
60.0 lb. (27.27 kg) 

1/0 

OOCOH - OOFFH 

0078H - 0079H 

OOBOH 

SUPPLY CURRENT DRAWN BY MACS-86 CURRENT AVAILABLE FOR EXPANSION 

ENVIRONMENTAL REQUIREMENTS 

Operating Temperature: 
Relative Humidity: 

ORDERING INFORMATION 

+sv 10.7A 

+ 12V 825mA 

-12V 90mA 

0°c - 50°C (dual fans included) 
95% non-condensing 

29.3A 

2.57A 

3.31A 

MACS-86/X/XX 16-bit OEM microcomputer (specify CP /M-86 or Concurrent CP/M-86 operating system) ={AS - American standard (60 Hz) 
ES - European standard (50 Hz) 

{ R - Rackmount chassis 
D - Desktop chassis 

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, Multlmodule Intel TM 
CP/M~86 Digital Research TM 
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mat1oa <• Y •) clcctlonlc 1y1tcnu Ud. MACS-10 
5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA 
TEL.: 514-735-1182 TELEX: 05-825651 

SEPTEMBER 1982 

Z-80 BASED MULTIBUS COMPUTER SYSTEM 

• Z-80 based CPU board • CP/M 2.2 operating system 

• 64K RAM • Multibus architechture 

• Floppy disk controller • RS-232C terminal interface 

• Dual 8" floppy disk drives • Parallel interface for printer 

• 7 slot card cage with power supply • 115/230 volt, 50/60 Hz operation 

The MACS-10 is a powerful OEM computer system based on the Z-80 (4MHz) CPU. The hardware 
runs under the CP /M 2.2 disk operating system software. All hardware is contained on two Multi­
bus cards (ZBC-80 and FFD-1). Five card slots are available for system expansion. The system 
contains 64K bytes of RAM as well as !lockets for up to 40K bytes of ROM/EPROM. A 2K monitor 
program, dual 8" floppy disk drives with controller, and interfaces for a video terminal and line 
printer are also included. 

Applications for the MACS-10 system range from software development systems to OEM com­
puters as part of large~ystems where modularity, low cost, and high performance are called for. 
Applications software, compatible with the industry standard CP/M operating system, is available 
from a wide range of vendors. 

MATROX products covered by Canadian and foreign patent and/or patent pending. 
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TERMINAL CONSOLE 
(CTM-300) 

Figure 1. MACS-10 block diagram 

CENTRAL PROCESSING UNIT 

I 
L-

PRINTER 

ZBC- 80 
CPU 

I 
_J 

MACS - 10 

The MACS-10 is based on the Matrox ZBC-80 single board 
computer which utilizes a 4MHz Z-80A CPU. The ZBC-80 
card contains an advanced chip set to provide a high 
throughput in a real-time processing environment. Using 
the ZBC-80, the MACS-10 boasts such features as user pro­
grammable interrupts, timers, and 110 interfaces. In addi­
tion an optional dedicated arithmetic co-processor chip 
can be plugged in to the ZBC-80 to provide efficient high­
speed number crunching without tying up the resources of 
the master CPU. 

The ZBC-80 contains 64K of on-board dynamic RAM. This 
on-board RAM does not require the insertion of wait states 
and thereby increases system throughput by as much as 
20%. A 2K byte ROM monitor (MONTRAX), with CP /M 
bootstrap loader, is also supplied on-board the ZBC-80 and 
4 sockets are provided for additional ROM/EPROM. 

DISK CONTROLLER 

A Floppy Disk Controller card (FFD-1) is supplied with the 
MACS-10 to provide a means of communication between 
the disk drives and the system bus. The FFD-1 utilizes a 
state of the art chip set which puts virtually all operational 
parameters under user software control. Recording formats 
can be programmed for IBM 3740 (FM) single density and 
IBM System 34 (MFM) double density. Non-standard sector 
lengths of 512 and 1024 bytes can also be used. A powerful 
command set is supported by the FFD-1 which includes 
single/multiple sector read and write. 

DISK DRIVES 

The MACS-10 incorporates the Matrox DF-28 which con­
tains two 8" floppy disk drives. Each drive can be assigned 
to operate using either single or double density recording 
formats. The DF-28 provides the MACS-10 with up to 3.2 
Megabytes (double sided/double density) of mass storage 
with a data transfer rate of 500 Kilobits per second. Further­
more, using the FFD-1, the MACS-10 is capable of support­
ing a second set of dual disk drives for up to 6.4 Megabytes 
of on-line storage. 

DF-28 DISK DRIVES CRT MONITOR 

FFD - 1 
FLOPPY DISK 
CONTROLLER 

VIDEO 
CONTROLLER 

MEMORY 

(MEGA - 4) 
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CONSOLE INTERFACE 

When shipped, the ZBC-80 is wired as a data set Modem 
that supports (among others) the TxD, RxD, CTS, DTR, and 
DSR lines of an RS-232C serial interface. The serial inter­
face is implemented using a programmable commu­
nications interface (on the ZBC-80) that is initialized by the 
MONTRAX monitor and is accessed via a standard RS-232 
connector on the back of the system chassis. 

PRINTER INTERFACE 

Two of the six ports of the ZBC-80's programmable periph­
eral interface are initialized by the BIOS to be a port to any 
Centronics compatible printer. A negative going software 
strobe is used to transfer data to the printer when the 
BUSY line is low. An edge connector and wiring harness 
connect printer data from the ZBC-80 to a miniature "D" 
connector on the back of the system chassis. 

READER/PUNCH INTERFACE 

The operating system software, CP /M 2.2, contains soft­
ware to control a reader /punch. The user just must install 
some straps and make signal interconnections to complete 
-the interface, if a reader/punch is to be used. 

SOFTWARE 

The MACS-10 is supplied with a comprehensive set of soft­
ware, including the ZBC-80 monitor program (MO~TRAX) 
and the CP/M 2.2 disk operating system. A system test pro­
gram, TESTMACS, is also included. 

MONTRAX is supplied as firmware on the ZBC-80 and it 
comes up when the system is reset. On reset MONTRAX 
will first attempt to determJne and match the baud rate of 
the console device, to establish serial communications. 
Succeeding this, MONTRAX will then either boot CP /M (if 
there is a disk present in drive 0) or display the prompt 
character"." and wait for a command to be typed. 
MONTRAX supports a 22 instruction command set which 
permit the user to perform such functions as: Display con­
tents of defined memory area, Fill defined memory area 
with a constant, Hex math, and Input data from a defined 
1/0 port. 



The MACS-10 computer is designed to run under the CP/M 
2.2 disk operating system. CP/M is comprised of four sec­
tions or operational units; BIOS, BOOS, CCP, and TPA. 
Through these units CP/M provides a machine level inter­
face with the floppy disk controller, the console, and the 
line printer. CP/M also provides a disk management system 
which can find and manipulate information stored on disk. 
The CCP section of CPI M together with the Transient Pro­
gram Area (TPA) permit the user to enter and implement 
commands from the console device. 

TESTMACS is a disgnostics program designed to isolate 
problems in the MACS-10. It allows the user to test the disk 
system, the RAM, the printer interface, and the console in­
terface. If a problem is encountered by the disk or memory 
tests, an error messge will be displayed. TESTMACS also 
keeps two sets of tables for recording errors. The user can 
display these tables at any time. 

BUS COMPATIBILITY 
The Matrox MACS-1 O implements the industry standard 
Multibus. Multibus enables several bus masters, such as 
CPU and OMA devices, to share the bus and memory by op­
erating at different priority levels. Resolution of bus ex­
changes is synchronized by the independently derived bus 
clock signal. Figure 2 shows how the MACS-10 memory 
and 110 maps are organized. 

SYSTEM EXPANSION 

The MACS-10 system chassis (CCB-7) contains 7 slots of 
which only two are used iri the basic system configuration. 
The other five slots are available for adding on additional 
boards for increased versatility. Matrox supports a full line 
of alphanumeric and graphic video boards that can be in­
corporated into the MACS-10 to add computer generated 
display capabilities. Matrox also offers a 512K byte memory 
board (MEGA-4) which can be plugged into the MACS-10 
system chassis for increased system memory. 

A large variety of CP/M compatible software packages are 
currently available. High level languages include; 
FORTRAN-BO, COBOL-80, BASIC-80, and PASCAL/MT. 
Moreover numerous applications packages and video 
graphics packages are available from Matrox and any other 
software manufacturers. 

MACS 10 
RAM 

MACS 10 OPTIONAL BOARDS 

ZBCBllPROM ,..------~'~ ......... ~~~--~""" 

---:------1---1 

- -+--- - -1----i-

PROM 2 

088'8'H - - - - - - -l-,P""'RO""M,--,-1 ---i - - -1 - - - r- - -

PROM 0 
C099'H - - - - - - -1-------1 

ZBC 80 
RAM 

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

--- --+--- --- ------ ---

Ae913H + - - - - - - - - - -- - - - - - - - I- - -1 - - I- - -

RGB 

90"1311H - - - - - - - - - - - - I- - - ~~'1' - - - -- - I- - -

--: 

~ MEGA4 
~ RAM 

8"813H - - - - - - - - - - - - R~BALPHl A~ MSBC ~i:cr BtLT 

71111Q'H - - - - - - I- - - - - 4!5._ - - QV-2 ~-4~ l . - --
613"8H - - - - - - - -i--!!JL--- -1---- --81> - t- -

Sefl'lllH -j - - - - - - - - - - - - - - - - - - - t- - - - - t- - I- I- -

481JIJH------1---------- --- ----l----

31Jl3"H- ---------------t--- - - +- - - -t--

2"0"H- - - - - ------t----- - - +- --

111l!llH- - - -

Figure 2. MACS-1 O memory and 1/0 space distribution 
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ZBC-8'1 ON BOARD VO 
PCI DATA (SERIAL INTERFACE) 

PPI -1 PORT C } PRINTER 1/0 
PPl-1 PORT A 

RESERVED 

ZBC-80 IRP BUS LOCATIONS 

RESERVED 

FFD-1 

80H 

RGB-GRAPH"' 

RGB-ALPHA or BW- ALPHA" 

MSBC-.512 or NSBC-512 11 

MSBC-QV 2 • 

RGB-256 • 

Mfil:l:A~ 
FG-O 

,;..... ,..i... 

J J 
• OPTIONAL BOARDS 



HOST PROCESSOR (ZBC-80) 
CPU 
WORD SIZE - instructions 

-data 
- address 

CYCLE TIME 
ON-BOARD MEMORY - RAM 

-ROM 

SPECIFICATIONS 

Z-80A 
8, 16, 4, 32 bits 
8 bits 
16 bits 
1000 ns (min.) 
64K bytes 
2K bytes (MONTRAX monitor) 
sockets for up to 40K bytes 

DISK CONTROLLER (FFD-1) 
DISK FORMAT SINGLE DENSITY j_FMJ_ DOUBLE DENSITY (MFM) 

IBM NON-IBM 
bytes/sector 128 256 512 128 512 1024 

DISK SYSTEM (DF-28) 

CAPACITY 
Unformatted 

IBM format 

TRANSFER RATE 

ACCESS TIME 
Track to track: 
Settling time: 
Average: 

SOFTWARE 
MONTRAX - media 

- function 
CP/M 2.2 - media 

- function 
TESTMACS - media 

- function 

BUS COMPATIBILITY 

sectors/track 28 15 8 30 8 
tracks/diskette 77 up to 225 

SINGLE DENSITY 

3.2 megabits/disk 
41.7 kilobits/track 

2.0 megabits/disk 
26.6 kilobits/track 

250 kilobits/sec. 

8 ms 
8 ms 

260 ms 

ROM 
ZBC-80 monitor 

DOUBLE DENSITY 

6.4 megabits/~isk 
83.4 kilobits/track 

5.6 megabits/disk 
73. 7 kilobits/track 

500 kilobits/sec. 

8 ms 
8 ms 

260 ms 

double density diskette 
disk operating system 
double density diskette 
system diagnostics program 

4 

All control, address and data lines conform to Inter Multibus specification no. 9800683 

SIZE 
Width: 
Height: 
Depth: 
Weight: 

POWER REQUIREMENTS 

ENVIRONMENTAL REQUIREMENTS 
Operating Temperature: 
Relative Humidity: 

ORDERING INFORMATION 

20.00 in. (50.8 cm) 
15.00 in. (38.1 cm) 
18.00 in. (45.7 cm) 
90.00 lb. (40.5 kg) 

115/230V AC 50/60 Hz 

0°C - 50°C dual fans included 
95% non-condensing 

MACS-10/S/XX OEM computer 

~-------{AS - American standard (60 Hz) 
ES - European standard (50 Hz) 

IBM 
256 128 
26 52 

77 

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 
CP/M 
Z-80, ZSOA 

Intel TM 
Digital Research TM 
Zllog TM 
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SECTION 15 GRAPHICS TERMINALS 

GXT-1000 
High Resolution Interactive Color Graphics Terminal 

CTM-300 
Intelligent Color Alphanumeric Terminal 

CTM-300/R 
Rack-Mount Intelligent Color Alphanumeric Terminal 
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mat10H <• Y •) clcct1onlc 1y1tcm1 Ud. GXT-1000 
5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA 
TEL.: 514-735-1182 TELEX: 05-825651 

HIGH RESOLUTION INTERACTIVE COLOR GRAPHICS TERMINAL 

FEBRUARY 1983 

• Display resolution of up to 1280 x 1024 

• 80286 main CPU plus 6 additional pipelined 
processors including 8086, 8088, and Z-80A 

• 20,000 vectors/second max. system 
throughput 

• Up to 16 video memory planes 

•Look-up table provides 256 display colors/ 
surface 

• 19" flicker free color CRT 

• Detachable low profile keyboard 

•Local picture storage (up to 20M bytes) 

•Local segment storage (up to 1M bytes) 

• Full 20 transformations standard 

• 30 with hidden surface removal and shading 
optional 

• Multiple viewports and dialog areas 

• EASY ROAM real time pan function and 
smooth zoom in 64K x 64K space 

• Data tablet, mouse, printer, and color plotter 
interfaces built-in 

• Host communications via RS-232 (19.2K 
baud), optional RS-422 (300K baud), or 
parallel OMA (400K words/sec) 

The GXT-1000 is a high performance/low cost interactive color graphics terminal for use in single 
or multiuser CAD/CAM systems with micromainframe, supermini, or mainframe hosts. The 
GXT-1000 provides near real-time interactive response. It accepts picture data from the user's host 
computer via a serial or parallel communications line, and displays the image on a flicker free high 
resolution 19" color screen. The GXT-1000 provides a viewable resolution of up to 1280 x 1024 
points, and each point can be displayed in one of 256 different colors. 

The GXT-1000 provides exceptional local functionality including; 64K x 64K x 64K virtual display 
coordinates, multiple viewports, multiple surfaces, full 20 and 30 transformations, optional 30 
hidden surface removal and shading, local picture segment storage, and graphics input device con­
trol. The benefits of local intelligence are simpler and shorter host graphics programs, and faster 
program execution. Multiple users can be accommodated without degrading the overall system 
performance. 

MATROX products covered by Canadian and foreign patent and/or patent pending. 
15·3 
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256 COLOR 
LOOK-UP 

TABLE 

REFRESH 
MEMORYltl 

(1024x 1024x4) 

REFRESH 
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(Optionol) 

REFRESH 
MEMORY'"3 
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REFRESH 
MEMORY#.4 
(Optionoll 

LOCAL 
PICTURE 
STORAGE 

IMB FLOPPY 
20MBWINCH 

.DISPLAY 
PROCESSOR 

- 8088 (8Mhz) 
-7220 
- Pl P 
- VIP 

2D/3D 
LOCAL SEGMENT 

RAM MEMORY 

IM BYTES 

(Optionol) 

DISK 
CONTROLLER 
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CCB-4 
DESKTOP 

Figure 1. GXT-1000 block diagram 
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KEYBOARD 

110 
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80286 
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GXT-FEATURES 
HIGH RESOLUTION 

Resolution: 

Bits/Pixel: 

Color Look-Up 
Table: 

High Resolution 
Color Monitor: 

HIGH SPEED 

80286 Graphics 
Engine: 

Multiprocessor 
Architecture: 

Drawing Speed: 

Fast Area Fills: 

The GXT-1000 can be supplied with one of 
three standard resolutions; 1280 x 1024, 
1024 x 768, or 640 x 480. Interlaced or 
non-interlaced operation can be specified. 

4 bits/pixel (16 colors) are standard. Extra 
bit planes can be optionally added to the 
terminal, in multiples of four, to a max­
imum of 16 bits/pixel (four 4-bit surfaces). 

Each 4-bit surface has its own look-up 
table. Up to 16 colors, from a 256 color 
palette, can be selected for each surface 
under user control. 

The GXT-1000 can be supplied with any of 
three high resolution RGB color monitors, 
depending on the resolution and refresh 
rate requirements. 

The GXT-1000 uses a high speed 8 MHz 
80286 CPU as the main graphics engine. 

In addition to the 80286, the GXT-1000 
uses 6 pipelined slave processors (includ­
ing a 1 O MHz 8086, 8 MHz 8088, and a 4 
MHz Z-80A) for maximum system through­
put. Each processor is optimized to per­
form a unique task such as I /0 or data 
base management. The pipelining and par­
allel processing capabilities associated 
with a multiprocessor system allows much 
higher throughput than would be achiev­
able with a single processor system. 

Maximum drawing speed of 20,000 vec­
tors/second includes transformation, clip­
ping, and drawing. 

The GXT-1000 can generate filled areas at 
a rate of up to 5000 filled rectangles/ 
second. 

HIGH PERFORMANCE 

Read/Write Area: 

Local Picture 
Storage: 

Local Segment 
Storage: 

The GXT-1000 supports a virtual address­
ing area of 64K x 64K for 2D applications 
and 64K x 64K x 64K for 3D applications. 
The virtual coordinate space can be re­
duced to 4K x 4K, under software control, 
if required. 

A Winchester hard disk drive and a 51/.'' 
Floppy disk drive provide up to 21 M bytes 
of mass memory for local picture storage. 

The GXT-1000 terminal can support up to 
1 M bytes of RAM memory for local seg­
ment storage. Up to 2000 segments can 
be retained in the terminal RAM. 

2D All 2D transformations (scaling, clipping, 
Transformations: zooming, etc.) are done locally, within the 

GXT-1000 terminal. 
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3D 
Transformations: 

Viewports and 
Dialog Areas: 

EASY ROAM: 

The GXT-1000 can optionally support lo­
cal 3D transformations, including hidden 
surface removal and surface shading. 

The display screen can support up to 64 
independent viewports and up to 4 dialog 
areas. The size and position of each view­
po rt and dialog area can be set by the 
user. 

The displayed image can be panned over 
the entire 64K x 64K data base in near real 
time 

LOCAL 1/0 SUPPORT 

Host The GXT-1000 supports an RS-232C serial 
Communications: port (programmable up to 19.2K baud) as 

the standard communications line with 
host. Optionally the host interface can be 
replaced by an RS-449 I 422 serial line (up 
to 300K baud) or a high speed parallel 
DMA port (400K words/second). 

Serial Keyboard: The detachable 101-key low-profile 
keyboard connects to the GXT-1000 via 
an RS-232C serial port. 

Data Tablet An RS-232C serial port is supported to in-
Interface: terface a data tablet. A software driver is 

also included, which is configured to sup­
port a Summagraphics BIT PAD ONE data 
tablet. A + 5V power connector is also 
provided for the tablet. 

Mouse Interface: The data tablet interface can also be used 
to interface an optical mouse. Drivers are 
provided which support the Summa­
graphics Summamouse. 

Printer Interface: An RS-232C serial port is provided to inter­
face a line printer. The software driver is 
configured to support a C.ITOH Ml550-R 
printer. 

Plotter Interface: An RS-232C serial port is provided to inter­
face a color plotter. The software driver is 
configured to support a Bausch & Lomb 
DMP-29. 

OEM OPTIONS 

System Chassis: The GXT-1000 system chassis is available 
in either a 4-slot or 9-slot version. The 4-
slot cardcage is intended for desktop sys­
tems while the 9-slot cardcage is available 
as either a desktop or rackmount unit. 

Modular Hardware: For OEM applications the GXT-1000 hard­
ware is available, unbundled, as a Multi­
bus board set. The system cabinet, 
keyboard, and monitor are also available 
as separate items. 

Host Software: Matrox supports a host software package 
(QUARTO/GXT) to run on Digital Equip­
ment's VAX and LSl-11 minicomputers. 
The QUARTO/GXT package is compatible 
with the GKS graphics standard. 
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Figure 2. GXT-1000 software organization in a typical CAD/CAM system 

FUNCTIONAL DESCRIPTION 
The GXT-1000 is a highly intelligent graphics terminal. The 
unit provides a high resolution color display of graphic and 
alphanumeric data on a flicker free 19" display. The terminal 
provides, to the user, the ability to display and manipulate a 
20, 2%D or full 30 object data base defined in 64K x 64K x 
64K virtual coordinates. Up to 16 planes of memory are avail­
able to store video data for applications such as printed 
circuit board designs, VLSI designs, and mechanical or archi­
tectural CAD/CAM. 

The GXT-1000 employs the latest advances in VLSI tech­
nology. A multiprocessor design consisting of 7 pipelined gen­
eral purpose 16 bit processors and special purpose graphics 
processors has been used to provide extremely fast command 
execution. The most powerful 16-bit CPU on the market, the 
80286 (8 MHz), is used as the main graphics processor, and 
additional support is provided by an 8086 (10 MHz), an 8088 
(8 MHz), and four additional processors. The result is a termi­
nal that outperforms older raster and vector devices on 
several key benchmarks, and at a significantly lower cost. 

The GXT-1000 receives picture files containing high level 
graphics commands, from the user's "host" computer. The en­
hanced Tektronix 4113 type commands allow the user to cre­
ate multiple viewports on the screen, to pan the display 
throughout the virtual coordinate space, to rotate pictures or 
picture segments, to zoom in for detail, to zoom out for overall 
views, etc. 

The GXT-1000 incorporates a very powerful feature; local pic­
ture segments. Local segment storage allows the operator or 
the user's host computer to manipulate the displayed image 
(rotate, pan, zoom, etc.) without modifying or retransmitting 
the picture file. Local segments permit much faster display 
view updates than would otherwise be possible. Also, host­
terminal communications are greatly reduced, leaving the 
host computer free for non-graphics tasks. Local picture and 
segment memory can be expanded with additional RAM or 
disk options, providing up to 22M bytes of local storage. 

The GXT-1000 is an interactive terminal. The operator can use 
the keyboard, a data tablet, or a mouse to create or modify a 
picture file. The modified file can then be transferred to the 
host. Local interactive support greatly reduces the operator­
display feedback cycle. Views are updated quickly and without 
tying up valuable host CPU time and resources. 

High Resolution Color Display - The GXT-1000 provides a 
dot addressable display format of up to 1280 x 1024 pixels 
(picture elements). The display raster is refreshed at a rate of 

15-6 

20130 
TRANSFORMER 

&. CODE 
GENERATOR 

DATA TABLET 

VIRTUAL 
GRAPHICS 
MACHINE 

DISPLAY 

t9"COLOR MONITOR 

USER 

up to 60 frames per second (60 Hz), thereby providing a totally 
flicker free picture. This image is displayed on a 19" high reso­
lution color CRT. 

Four video refresh memory planes are standard on the GXT-
1000. The data stored in memory (4 bits/pixel) indexes a user 
loadable color look-up table which generates 16 colors from a 
palette of 256 different shades. Additional video refresh mem­
ory boards can be added (optional) to provide up to 16 mem­
ory planes, with up to 256 simultaneously displayable colors. 

Surfaces/Subsurfaces - A single refresh memory board is 
treated as a four plane "surface''. Each surface has its own 
color look-up table. The video outputs of multiple surfaces 
can be enabled or disabled, combined in a priority manner, or 
logically "ORed" together. This flexibility allows the user to 
define a straightforward 16 plane overlay or a double buffer 
type format, when multiple surfaces are used. 

The surface concept, used on the GXT-1000, has been ex­
tended down to the plane level. The user can define up to 
4 subsurfaces per surface, with each subsurface consisting of 
one to four planes. All high level commands work on surfaces 
and subsurfaces rather than bits/pixel and look-up table 
entries, thereby greatly simplifying the conceptual model. 

INTERACTIVE 2D AND 30 APPLICATIONS 

The host generates pictures in the GXT-1000 viewport in two 
ways. In Non-Retained Segments mode the picture is drawn 
primitive by primitive as received from the seriql port or the 
DMA channel. Data base processing and viewing transforma­
tions are all done by the host. The terminal is used for display 
only (equivalent to the Tektronix 4014 terminal). This mode is 
usually used for the data base generation and host segment 
modifications. 

In Retained Segments mode, the host transfers only the view­
ing parameters. The GXT-1000 will then transform, clip, and 
draw pictures from the local terminal's data base. (The view­
ing parameters can also be generated locally by the operator 
without host assistance by using local GXT-1000 I /0 devices 
such as keyboard, data tablet, and mouse). 

A Local Picture Segment is a group of graphics primitives that 
describes a portion of a bigger picture. These segments are re­
tained in the terminal's local memory as graphics subroutines 
to be redrawn and manipulated at any time without host inter­
vention. The GXT-1000 supports both 2D and 30 segments 
and viewing modes. 
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Figure 3. GXT-1000 multiprocessor pipeline organization 
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For 20 and 2Y20 applications, the segments are specified in 
virtual 64K x 64K space with priority levels from 0 to 64K. (A 
priority level is equivalent to a constant "Z" coordinate for 
every 20 primitive in the segment). The 20 primitives include 
markers (points), vectors, filled and outlined polygons, circles, 
alpha and graph text, etc. 

OPEN SEGMENT 

~§~~ 
ClOSE SEGMENT 

~-------~ PICTURE SEGMENT 
FULl PICTURE 

RETAINED SEGMENT DEFINITION 

Figure 4. Retained picture segments 

For 30 applications, the segments are specified in a 64K x 64K 
x 64K virtual space. A 30 surface segment is a series of 
shaded colored 30 planar polygons describing 30 surfaces 
and bodies in space. 

2D DISPLAY MODE 

20 and 2%0 is the standard mode of operation for the GXT-
1000. Local 20 segments can be rotated, scaled, translated 
(moved around the screen) by simple short commands from 
the host or from the local keyboard. 

The GXT-1000 works with viewports and windows. The CRT 
screen is divided into multiple rectangular viewports (from 1 to 
64). Viewports can be specified as rectangles of any size and 
position on the screen, up to the maximum CRT raster size 
(1280 x 1024). Multiple viewports enable the user to simultane­
ously display several views of the same object or of several 
different objects. Each viewport, has associated with it a 20 
window and viewing transformation. 

The window is a virtual 20 rectangle in 64K x 64K space which 
defines what portion of the 20 virtual space will be displayed 
in the viewport. The position and size of the 20 windows (up 
to 64K x 64K) are specified by the host or locally by the user. 

The 20 viewing transformation maps the 20 world picture en­
closed in the window to the corresponding 20 viewport on the 
screen. All primitives in the segment are transformed, clipped, 
and drawn locally by the GXT-1000 at the speed of 20,000 
vectors per second. 

High speed 20 smooth zoom and pan can be performed 
locally or via the host. A graphics keypad is used to pan the 
display locally with a rectangular cursor and to set the dimen­
sions of the magnified image. 
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With this magnification capability, the user can view and work 
with plots of the same complexity as those developed on the 
highest resolution storage tube displays. This permits local ex­
amination of extremely fine detail without waiting for rescaled 
data to be transmitted from the host. 

EASY ROAM - A proprietary Matrox pan circuit allows the 
user to perform a two-dimensional pan over the entire 64K x 
64K 20 data base in near real-time at any zoom factor. When 
the EASY ROAM mode is selected, the terminal automatically 
uses a combination of hardware and software windows to sim­
ulate full smooth hardware pan over a virtual 64K x 64K (4 
Gigapixels) video frame buffer is near real-time. 

2D 
YIEWPORT'"" 

2D 
VIEWPORT "'2 

I~ 

~ 
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SET WINDOW 
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Figure 5. Windows, viewports, and dialog areas 

3D DISPLAY MODE 

v 

'In the 30 mode, (option TC-286/30 is required), segments 
can be defined as either 20 or 30. The viewports are specified 
and positioned in the same way as for the 20 mode. Each 
viewport has associated with it a 20 or 30 window and corre­
sponding viewing transformation. The GXT-1000 supports a 
mix of 20 and 30 segments and windows on viewports, en­
abling the user to view 30 objects, their 20 projections and 
other 20 segments (such as text, overlays, etc.) at the same 
time. 

30 segments are used to specify objects in 64K x 64K x 64K 
virtual space. The position, size, and orientation of the 30 win­
dow (actually a pyramid) and its 30 viewing transformation are 
transmitted by the host, or generated locally. The viewing 
transformation maps the 30 world scene enclosed within the 
30 window into the corresponding 20 viewport on the screen. 
30 segments are transformed, clipped, scaled, and drawn on 
the screen locally by the GXT-1000. Full 30 transformations in­
cluding perspective projection, near /far plane clipping, and 
wireframe or hidden surface removal with shading are sup­
ported. 



When 20 segments are used in the 30 mode they are consid­
ered to be 20 in a plane, Z =constant, specified by the 
segment's priority. The 20 segments will be transformed by a 
separate 20 transformation and drawn in the same, or sepa­
rate, viewport together with 30 segments at a speed of up to 
20,000 20 vectors per second. 

30 segments are defined as a series of 30 colored planar 
polygons describing 30 surfaces and bodies in 64K x 64K x 
64K space. Each polygon is specified as a series of co-planar 
vertices in a 30 plane and has one of 256 possible colors. 
(Half-tone dither is used to obtain shading with 4 bits/pixel). 

The GXT-1000 obtains hidden surface removal at interactive 
speeds by implementing an exclusive Matrox "F" algorithm in 
hardware and software. Instead of building a picture pixel by 
pixel from top to bottom with full resolution, as in classical 
hidden surface algorithms which are very slow, the GXT-1000 
generates a picture in one or more passes with increased reso­
lution after each pass. 

Each pass generates a true 30 full size picture with the hid­
den surfaces properly removed. The first pass, Fo, generates a 
30 wireframe outline of the scene with or without the object's 
backsurfaces removed (user selected). This pass is very fast 
and draws at speeds of 4,000 30 vectors per second. Addi­
tional F passes are required to color and shade visible 
surfaces and remove object by object hidden surfaces. The 
number of required passes depends on the CRT viewport di­
mensions. Viewports smaller than 256 x 256 pixels require 
only one pass, viewports between 256 x 256 and 512 x 512 
pixels require four passes, and viewports bigger than 512 x 
512 pixels require a minimum of sixteen passes. 

The effect on the screen is a gradual fill-up of the visible sur­
faces after each pass. (This method is similar to the familiar 
generation of waveforms by cummulative addition of Fourier 
sinewaves with frequencies increasing with each addition). 

A typical 30 picture, containing 5000 polygons, requires be­
tween 2 - 20 seconds per pass. The unique feature of the "F" 
algorithm is the ability of the user to stop the picture update 
after any number of passes, since additional passes mainly im­
prove apparent resolution of the displayed picture and have 
little or no effect on the geometric properties of the scene. 

The GXT-1000 uses a shading model with a single diffused illu­
mination source for both ambient light and specular diffuse re­
flection. Each polygon is assigned eight possible uniform 
intensities after transformation. Pixel color intensity is a func­
tion of the angle between the incident light and the polygon 
normal. The light source can be at any angle relative to the 
viewing pyramid Z-axis. 

Dialog Areas - The user can specify up to four independent 
dialog areas of any size, anywhere on the screen. Two keys 
are provided for scrolling the current dialog area. Dialog areas 
are primarily used for displaying host-terminal commu­
nications. Other applications for dialog areas include the dis­
p I ay of host background task status, menus, and user 
prompts. The context (pen color, size, cursor position, etc.) 
for each dialog area is stored independently. This allows in­
stant access to all dialog areas. 

INPUT /OUTPUT 
The GXT-1000 1/0 processor communicates with several 1/0 
devices. The primary communications link is with the user's 
host computer. This is a bidirectional link which allows the 
host to transmit picture files to the GXT-1000, and to receive 
commands and data from the terminal. Complete hardware 
and software I /0 interfaces are also provided for commu­
nications between the terminal and the keyboard, a data 
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tablet, and a mouse. Optional interfaces are available for a 
printer, and a low cost color plotter. 

Host Interface - The GXT-1000 communicates with the host 
computer via an RS-232/ 423 serial line. Transmission speeds 
of up to 19.2K baud can be selected by the user. X-ON IX-OFF 
protocol is provided. The GXT-1000 accepts graphics com­
mands using Tektronix 4113 serial line protocol. An optional 
RS-422 interface is available for transmission rates of up to 
300K baud. Using this interface, a typical object file of 5000 
vectors can be downloaded to local disk memory in less than 
one second. If extremely high speed communications are re­
quired, a parallel OMA option, compatible with a DEC DR-11W, 
can provide transfer rates of up to 400K words per second. 

Keyboard Interface - The keyboard is used for normal oper­
ator interaction (editing picture files, calling programs from 
the host, etc.). Several special graphics functions including 
cursor manipulation, pan and zoom, and paging, are con­
trollable by the operator from the keyboard. The keyboard dis­
plays system status to the operator via 10 LED indicators and 
an audible tone. 

Figure 6. KB-100 serial keyboard 

Data Tablet Interface - The GXT-1000 has been configured to 
operate with a Summagraphics Bit Pad 1, using either a stylus 
or a four button cursor. The GXT-1000 software supports 
point and segment identification, inking, rubber banding, 
tracking, etc. An RS-232C port is used to communicate with 
the tablet. A power take-off is also provided. 

Figure 7. BIT PAD ONE data tablet 

Mouse Interface - The user may elect to use a mouse rather 
than a data tablet for I /0. The GXT-1000 will also accept data 
from a Summagraphics optical mouse via the tablet port. 



Figure 8. C.ITOH Ml550-R line printer 

Printer /Plotter Interface - A optional dual RS-232C port con­
troller can be added to the terminal if a local printer and/or 
plotter is required. The terminal software supports a C.ITOH 
Ml550-R line printer for dialog area print-outs, and a Bausch & 
Lomb (Houston Instruments) DMP-29 eight-pen flatbed color 
plotter. 

Figure 9. Bausch & Lomb DMP-29 color plotter 

HOST SOFTWARE SUPPORT 

The GXT-1000 is designed to function with CORE and GKS 
software packages running on a wide range of host process­
ors. In the host, a device dependent software module known 
as a "device driver" is responsible for handling commu­
nications with a graphics terminal. The device driver is usually 
optimized to take advantage of the features found in a specific 
terminal. Similarly there is a "host driver" software module, 
called a protocol translator, resident in the GXT-1000, which 
can be optimized to communicate with different hosts. The 
GXT-1000 can easily be integrated into existing CAD/CAM sys­
tems by modifying either the host device driver or the GXT-
1000 protocol translator module. Any existing or new terminal 
protocol can be emulated, thus allowing the user to replace 
older terminals by the state-of-the-art GXT-1000. Matrox pro­
vides sufficient documentation to allow the user to write the 
front-end host device driver. Alternatively, Matrox can write a 
custom GXT-1000 Host Protocol Translator module to emulate 
any existing or new graphics terminal. Matrox also supports 
the GXT-1000 with a host software package, written in 
Fortran, for use under the VMS operating system on DEC 
VAX-series super-minicomputers. 

SYSTEM HARDWARE 

The GXT-1000 consists of three physically separate com­
ponents: a self-contained RGB color monitor, a detachable 
keyboard, and a system chassis containing the electronics. 
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These three pieces fit together to provide a complete graphics 
terminal. 

The actual electronics are implemented on standard Multibus 
cards. These cards partition the terminal circuitry into three 
separate functional blocks: 1/0 processor, graphics proc­
essor, and display processor. Two different chassis are avail­
able to house the display electronics. A 4-slot low profile 
cardcage can be used for systems requiring one option card. 
If more option cards are required, or if local disk memory is 
required, a 9-slot cardcage must be used. 

Color Monitor - Three different monitors can be used with 
the GXT-1000. The MCM-1000L low profile 19" unit pictured 
on the front page is the standard display provided with the 
GXT-1000. This monitor uses long persistence phosphors to 
minimize flicker if the system is run in the interlaced video 
mode. The MCM-1 OOOL uses in-line electron guns to maximize 
convergence over the entire display area. The MCM-1014L is a 
low profile 14" monitor similar in performance to the MCM-
1 OOOL. 

Figure 10. MCM-1014L color monitor 

In order to display a 1024 x 768 image at a refresh rate of 50/ 
60 Hz, it is necessary to use a higher bandwidth monitor. The 
MCM-2000L employs high speed deflection circuitry and an ex­
tremely fine pitch shadow mask to accommodate the required 
video performance. 

Figure 11. MCM-2000L color monitor 

Keyboard - The GXT-1000 keyboard is a detachable low pro­
file serial output device. It connects to the display controller 
via a single coiled cord. System status is displayed, on the 



keyboard, by 10 LEDs. A "bell" is used to provide an audible 
tone. 

0 00000 00 

BlB ----== -=-~ 

Figure 12. KB-100 keyboard layout 

System Chassis - The GXT-1000 display electronics are 
housed in a Multibus chassis. Two different chassis are avail­
able. The CCB-4 is an attractive 4-slot low profile desktop box 
which has been designed to sit underneath the 19" CRT mon­
itor. The CCB-4 is ideal for systems requiring only one option 
card. A larger chassis, the CCB-9, supports 9 Multibus slots. 
This attractive case is available in either desktop or rack­
mount versions to suit terminal or workstation requirements. 
The CCB-9 is required if local disks are used for picture seg­
ment storage. 

Figure 13. CCB-4 /CCB-9 system chassis 
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Display Processor - The display processor is a Matrox GXB-
1000. The display processor interfaces with the main graphics 
processor via a display file (using transformed screen 
addresses) stored in common RAM on the Multibus. The GXB-
1000, which contains four dedicated graphics CPUs, executes 
a powerful instruction set which provides for surface and sub­
surface visibility and priority; vector, arc, circle, and character 
drawing; cursor and marker generation; tracking, inking, and 
rubber banding; look-up tables; raster ops; and area fills. The 
GXB-1000 also includes the image buffer. The buffer memory, 
which can be up to 2M bytes in size, is partitioned into 1024 x 
1024 x 4 bit sections, each occupying a separate Multibus 
board. 

Graphics Processor - The main graphics processor is an 
8 MHz, high performance, 80286 CPU tightly coupled with a 
1 O MHz 8086 data base processor. The graphics processor 
card contains 128K bytes of EPROM and 128K bytes of RAM. 
The processor board uses a concurrent real-time operating 
system with multitask scheduling. These tasks include 
dynamic memory management, high level graphics command 
interpretation, 20 and 30 transformation, clipping, scaling, 
windows and viewports, and tablet and mouse support. A pic­
ture data base, specified in 20 virtual coordinates, can be tra­
versed, transformed, and drawn at a maximum rate of 20,000 
vectors/second, and at an average rate of 5000 vectors/ 
second, depending on the picture complexity, number of seg­
ments, and vector length. The GXT-1000 can sustain a contin­
uous speed of over 5000 vectors per second from host to CRT 
screen. 

1/0 Processor - A separate Z-80A based processor card is 
used to handle all communications between the terminal and 
the host, as well as 110 to local peripherals. A serial RS-232C/ 
423 communications port is used to communicate with the 
user's host. A sec<;>nd serial port is used as a keyboard inter­
face. The I /O processor card also supports two iSBX expan­
sion connectors which can be used to accommodate several 
communications options. An optional dual RS-232 module 
can be added for supporting a local printer and local color 
plotter; and an optional RS-422 module can be added for sup­
porting high speed host communications. 

OMA Controller - An optional high speed OMA controller 
board is used to provide a 16-bit parallel communications path 
from the GXT-1000 to the host (400K words/second). The 
COM-1 controller provides full compatibility with DEC's 
DR-11W series of interface cards. 



SPECIFICATIONS 

GENERAL 

~ p 1 2 3 
Graphics Resolution 640 x 480 1024 x 768 1280 x 1024 
Read /Write Area 1K x 1K 1K x 1K 1.4K x 1.4K 
Refresh Rate 50160 Hz 25/30 Hz or 50/60 Hz 25/30 Hz 
Dialog Area 80 x 30 128 x 48 80 x 32 
Alphanumerics 

Virtual Address Range 64K x 64K x 64K 64K x 64K x 64K 64K x 64K x 64K 
Color Palette Size/Surface 256 256 256 
Bits/Pixel Standard 4 4 4 

Optional 8, 12, 16 8, 12, 1.6 8 
Screen Size 14" or 19" diagonal 14" or 19" diagonal 19" diagonal 

Standard 128K bytes 128K bytes 128K bytes 
Segment RAM 
Storage Optional 512K bytes/1M byte 512K bytes/1M byte 512K bytes/1M byte 

RAM Board(s) 

Picture Optional 1MB Floppy 1MB Floppy 1MB Floppy 
Storage 5114'' Disks 20MB Winchester 20MB Winchester 20MB Winchester 
Vector Drawing Speed 20000 vectors/sec max. 20000 vectors/sec max. 20000 vectors/sec max. 

ENVIRONMENTAL 

PARAMETER DESCRIPTION RESTRICTION 

Operating Temperature Operating 10- 40°C 

Non-operating -40- 65°C 

Relative Humidity Operating 10- 90% 

Non-operating 0 - 95% non-condensing 

Power Requirements American Standard 115V, 60 Hz AC@ 200W 

European Standard 230V, 50 Hz AC @ 200W 

KEYBOARD 

PARAMETER DESCRIPTION 

Keyboard Layout Standard Qwerty typewriter layout with sculptured key design 

Auxiliary Keypad Functions as numeric pad, cursor control pad (GIN mode), and graphics function 
controller (pan, zoom) 

Graphics Functions Keys ZOOM, PAN, and VIEW keys control the display window 

Special Function Keys Break, print, escape, control, page, print, set-up, self test, dialog, line/local, rub 
out, line feed 

User Function Keys 10 programmable user function keys 

LEDs 10 system status LED indicators 

Audio Output Audible tone 

Weight 8 lbs (3.6kg) 

Dimensions 2.0" (H) x 19.0" (W) x 10.0" (D) 
(5.1 cm x 48.3 cm x 25.4 cm) 
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ENCLOSURE/DISPLAY ELECTRONICS 

PARAMETER CCB-4 CCB-9 
Weight 25 lbs. (11.2kg) 50 lbs. (22.5kg) 

Dimensions 3.9" (H) x 19.0" (W) x 20.0" (D) 7.0" (H) x 19.0" (W) x 20.0" (D) 
(9.9 cm x 48.2 cm x 50.8 cm) (17 .8 cm x 48.2 cm x 50.8 cm) 

CCB-4 

= w 

II 

CCB-9 

, .. '=' w 

CCB-9/R 

I: 
1 .. w 

INPUT /OUTPUT 

INTERFACE 

Not Used 

Not Used 

Serial Host Computer (standard) 

Data Tablet/Mouse 

Printer 

Plotter 

Monitor (red) 

Monitor (green) 

Monitor (blue) 

Serial Host Computer (optional) 

Tablet Power Jack 

Parallel Host Computer 
(optional) 

Keyboard 

CCB-4 

CCB-9 

IECJBJ -~ 
Fuse 

Power Fuse 

QI 0 

9" llT~I 
00000 

00000 = _Ll .. = D 

~111 :::: 
0 _j_ 0000 

= , .. 

~:II 
·I 1 .. 

NO. DESCRIPTION 
J1 -
J2 -
J3 RS-232/423 

J4 RS-232 

J5 RS-232/423 

J6 RS-232/423 

J7 Analog video 

J8 Analog video 

J9 Analog video 

J13 RS-422 

J14 +5V 
J15 16-bit input 

J16 16-bit output 

J17 

J10 J7 
0 0 
J11 JB 
0 0 
J12 J9 
0 0 

J10 J7 

RS-423 

J1 

0 

0 

MATING CONNECTOR 
DB-25 (male) 

DB-25 (male) 

DB-25 (male) 

DB-25 (male) 

DB-25 (male) 

DB-25 (male) 

BNC 

BNC 

BNC 

DB-37 (male) 

SM SMP-05V-B 

ANSLEY 609-4031 

ANSLEY 609-4031 

Berg 66011-002 

J1 J2 

c:::::J c::::J 
J3 J4 

'==l c:::::; 
J5 J6 c:=:; c:::::; 

J2 

00 c:::::::; c:::=::; 
J13 J11 JB 

00 
J12 J9 
00 

J15 

J16 

J3 

c=.J 
J5 

c=.J 

J14 
c:::J 

J4 
c=J ~ 7 

JS 
c::::/ 

J17 

D 

15-12 

00000 

00000 = 

0000 

0000 
0000 

·I 

COMMENTS 

Summagraphics Bit Pad 1 

C.ITOH Ml-1550R 

Bausch & Lomb DMP-29 

} MCM-1 OOOL, 
MCM-1014L, or 
MCM-2000L 

DEC VAX Superminicomputer 

(DR-11W) 

KB-100 

---­J17 

(Side Mounted) 



MONITOR 

PARAMETER MCM-1000L MCM-1014L MCM-2000L 
Screen Size 19 in. diagonal 14 in. diagonal 19 in. diagonal 

Gun Type In-line electron guns In-line electron guns Delta guns 

Shadow Mask .31 mm resolution .31 mm resolution .31 mm resolution 

Controls Brightness, gain, and Brightness, gain, and Brightness controls 
degauss controls degauss controls and degaussing controls 

Weight 88.0 lbs (40kg) 39.6 lbs (18kg) 120.1 lbs (54.6kg) 

Dimensions Height 15.1 in. (38.5 cm) 10.9 in. (27.6 cm) 18.0 in. (45.7 cm) 

Width 19.0 in. (48.2 cm) 13.8 in. (35.0 cm) 18. 7 in. (47.6 cm) 

Depth 20.0 in. (50.8 cm) 17.8 in. (45.2 cm) 21.2 in. (53.9 cm) 

MCM-1000L T \ 

D 
n====o ~ o==:==o ~ 

H p 

l '- 0 ====o 
I· w ·I _LJ 

D Q., 

/" 1 ~---~ MCM-1014L 

0 0 0 ---
H 

0 0 l ~ --~ ---

I· 
'-' 

·I 14 

'"-' '-' 

·I w D 

T QJ~===~[QJ MCM-2000L r \ 

~== ===~ 
H 

..-1 1 t-1 
(j) 

0 Eltl 

I• w 
'-' 

D 
\...J J 

I -, 
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ORDERING INFORMATION 
The GXT-1000 configuration data has been set up to allow for a great deal of ordering flexibility to suit different user 
applications and requirements. The main GXT-1000 part number identifies the main electronics cabinet configuration, 
and several option numbers are used to specify which monitor is to be supplied, and what additional boards will be 
added to the basic system. Note that the CCB-4 (4-slot chassis) can accommodate only one option card. 

The basic system consists of a display electronics cabinet containing the I /0 processor; Graphics processor; RS-232C 
interfaces for a tablet/mouse, a host processor, and a keyboard; and a Display processor (VGM-1000) with one 1 K x 1 K 
x 4 bit refresh memory board (RMB-1000). The keyboard is also included with the basic system. Note that the monitor 
is ordered as a separate item (see OPTIONS). 

GXT-1000/XX/XX 1K x 1K graphics terminal 

T ____ {AS - 60 Hz American standard operation 
ES - 50 Hz European standard operation 

14 - 4-slot chassis 
I-'------ 9 - 9-slot chassis 

9R - 9-slot rackmount chassis 

GXT-10000/XX/XX 1K x 1K graphics terminal with local disks for picture storage 

L{AS - 60 Hz American standard operation 
ES - 50 Hz European standard operation 

{ 9 - 9-slot chassis 
9R - 9-slot rackmount chassis 

RESOLUTION/REFRESH RATE AVAILABILITY 

RESOLUTION 640 x 480 1024 x 768 1280 x 1024 Note ·1: Since the 1280 x 1024 format exceeds the 
1 K x 1 K memory stored on a single RMB, 
two RMB boards are required for each 
four bit surface. 

REFRESH 

25 Hz 

30 Hz 

50 Hz 

60Hz 

OPflONS 

Video Memory 
GXRMB-01 

GXRMB-02 
GXRMB-03 

Segment Memory 

MEGA-4/512T 

Communications 

MSBX-423T 
MSBX-422T 
COM-1 /1 !OT 

Monitors 

MCM-1000L 

MCM-1014L 

MCM-2000L 

Software 

TC-286/30 
QUARTO/GXT 

- x 
- x 
x x 
x x 

x 
x 
-

-

Note 2: For refresh rates or resolutions not cov­
ered by the above table (i.e. 1600 x 1200) 
please consult the factory. 

Adds a second refresh memory board (RMB-1000) for more video planes, or a larger read/ 
write area. 
Adds two additional refresh memory boards. 
Adds three additional refresh memory boards. 

Adds an additional 512K bytes of local segment storage RAM. 

Adds a dual RS-232C serial port controller for interfacing to a printer and color plotter. 
Adds an RS-422 serial port controller for high speed host communications. 
Adds a parallel OMA controller compatible with a DEC DR-11W. 

Adds a high resolution 19" RGB color monitor (supports all resolutions except 1024 x 768 
@ 50160 Hz). 
Adds a high resolution 14" RGB color monitor (supports all resolutions except 1024 x 768 
@ 50160 Hz). 
Adds a high bandwidth high resolution 19" RGB color monitor (supports 1024 x 768 @ 
50160 Hz). 

Adds 30 graphics firmware and hardware with hidden surface elimination and shading. 
Host software package for GXT-1000. FORTRAN subroutine library for use with VAX and 
LSI minicomputers. 

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, iSBX Intel TM 
DEC, VAX, LSl-11 Digital Equipment Corp. TM 
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'iiiiiiiiiiiiii m Qt f OK <• Y •) clccllonlc 1y1lcm1 Ud. CTM-300 
5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA 
TEL.: 514-735-1182 TELEX: 05-825651 

SEPTEMBER 1982 

INTELLIGENT COLOR ALPHANUMERIC TERMINAL 

• Intelligent color alphanumeric terminal 

• 25 x 80/132 character displays standard 

• 8 foreground/8 background colors 

• 101 key sculptured keyboard with numeric 
keypad 

• 18 user defined function keys 

• 2K user RAM for program download 

• 256 upper/lower case alphanumerics and 
graphics characters 

• Blink, extended height, underline and 
protected character attributes 

• Printer and light pen interfaces built in 

The CTM-300 Color Alphanumeric Terminal is a standard serially interfaced (RS-232C) ASCII termi­
nal with an eight color CRT display. It is a high performance terminal with all the functions of an in­
telligent Black and White terminal plus color. A popular display format of 80 characters per line by 
25 lines is standard, however any format, with up to 132 characters/line and 50 lines, can be pro­
grammed by the user. 

In addition to the terminal firmware, which conforms to ANSI X3.64 (VT-100 compatible), the 
unique Matrox program download enables the user to customize terminal functions. The host com­
puter can download a program into the CTM-300's 2K user RAM memory for execution by the CTM-
300's CPU (Z-80A). This feature, together with 18 user definable keys, enables the user to adapt 
the CTM-300 to a variety of applications. 

A high resolution (.3mm dot pitch) 12" color monitor offers superior color clarity and resolution. 
The detachable keyboard (containing all the terminal electronics) and the CRT display stand allow 
the operator the flexibility and freedom to operate the terminal efficiently. Standard options in­
clude: light pen interface, printer interface, American/European standard for power and video, and 
a 256 character font including upper /lower case alphanumeric characters, graphic characters, Eu­
ropean characters, and more. Serial interface speeds of up to 19.2K baud are set by the user. 

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

Figure 1. CTM-300 Intelligent Color Terminal - Typical system configuration 

DISPLAY 

The CTM-300 generates a color alphanumeric display consisting of 25 horizontal lines with 80/132 characters (switch selec­
table) displayed per line. These parameters, however, can be redefined by the user to accomodate virtually any configuration of 
characters/line and lines/page up to maximum of 4000 characters per display. Characters can be assigned as blinking, under­
lined, or protected (protected characters can not be erased or edited while the erasure mode is not in effect). The blink or un­
derline attribute can optionally be replaced (via a hardware strap) by an extended height attribute for displaying double height 
characters. Furthermore, each character can be assigned to be displayed in one of eight different foreground colors on one of 
eight different background colors. Color selection (foreground/background) is also user selectable via user function keys on 
the CTM-300. 

As supplied, the CTM-300 contains a font of 256.displayable characters. This character set (figure 2) consists of all the alphanu­
merjc characters and punctuation symbols for displaying text in one of six different languages: English, French, Spanish, Ger­
man, Greek, or Swedish. The CTM-300 also includes a set of 32 "graphic characters" which can be used for generating charac­
ter oriented graphics such as: business forms, process loop displays, bar charts, etc. Moreover, the user can redefine the 
character set for custom applications by simply replacing the supplied character generator with a 2532 EPROM loaded with his 
custom character font. 

The CTM-300 is normally equipped with a 12" color monitor which uses a fine pitch shadow mask for high resolution color dis­
plays, and in-line electron guns to minimize color distortion due to convergence error. The CTM-300, however, contains all its 
electronic hardware circuitry in the keyboard module and therefore allows the user to replace the monitor with virtually any 
other available monitor. This feature allows the user the flexibility to configure the CTM-300 to suit his own environment (i.e. 
screen size, interlaced/non-interlaced displays, etc.). 

KEYBOARD 

The main component of the CTM-300 is the keyboard module which contains all the electronics for the terminal. The keyboard 
contains 101 keys in a standard typewriter layout with a numeric keypad and cursor controls. Special Control Keys include: 
Break, Print, Insert, Delete, and Caps Lock. A further 18 user defined function keys can be used to adapt the CTM-300 to a vari­
ety of applications. As supplied, these keys are defined as color selection keys and character set mapping keys. 

The CTM-300 keyboard features a sculptured keyboard layout. This ergonomic design promotes operator comfort and therefore 
improves data entry efficiency. 
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EDITING 
The CTM-300 includes a comprehensive set of cursor, erase, and character attribute controls which facilitate text editing. Cur­
sor control commands enable the user to redefine the position of the cursor using either "relative" or "absolute" movement 
commands. Relative cursor movement commands include: Backward Field, Back Space, Cursor Down, and Cursor Up, which 
defines the cursor's position "relative" to its former position. Absolute cursor positioning places the cursor in a location whose 
X and Y coordinates are explicitly defined in the instruction. Other editing commands include: Insert/delete a character/line, 
erase a line/area/display, and protect a sele,cted area. The CTM-300 also includes a scroll feature which will cause the display 
to be scrolled up one line when a Carriage Return (CR) command is issued while the cursor is in the bottom-most line of the 
display. 

The full usable command set of the CTM-300/R is shown below, and conforms to the ANSI standard X3.64. Moreover the CTM-
300/R includes 2K bytes of user RAM into which the user can download custom functions. These user-defined functions are 
executed by a special Execute User Function command. The terminal firmware can be replaced with 20K bytes of user installed 
ROM/RAM loaded with the user's custom firmware. 

COMMAND SET 
Self Test 
Unlock Keyboard 
Lock Keyboard 
Start Protected Field 
End Protected Field 
Protect Selected Area 
Protect Field 
Insert Character 
Insert Line 
Delete Character 
Delete Line 
Clear Selected Area 
Clear to End of Screen 
Clear from Beginning 
of Screen to Cursor 

COMPUTER INTERFACE 

Clear Screen 
Clear Protected Only 
Clear Unprotected Only 
Clear to End of Line 
Clear from Start of Line to Cursor 
Clear Line 
Clear Protected Fields on Line 
Clear Unprotected Fields on Line 
Auto Line Feed On/Off 
Start of Selected Area 
End of Selected Area 
Read Back Selected Area 
Define Scrolling Area 

Set Tab 
Clear Tab 
Clear All Tabs 
Back Tab 
Tab 
Cursor Left 
Cursor Down 
Cursor Up 
Cursor Right 
Cursor to Left of Line 
Cursor Home 
Set Cursor Position 
Read Cursor Position 

Set Line Number 
Set Column Number 
Set Color 
Set Cursor On/Off 
Read Light Pen 
Connect to Printer 
Set Alternate Character Set 
Set Standard Character Set 
Load Character Set'Map 
Load User Defined Function 
Execute User Function 
Load Screen Format 
Beep 

The CTM-300 communicates with the host computer via an RS-232C serial interface, which can be configured by switches for 
several modes of operation. Input and output parity is selectable as even, odd, or no parity; and the user can choose one or two 
stop bits. Both full and half duplex operation are possible and the unit can be operated in an on-line or off-line mode. The user 
can also select the baud rate which can be from 110 baud to 19.2K baud. 

PRINTER INTERFACE 
Any Centronics-compatible printer using positive logic can be connected to the CTM-300. In addition to the parallel ASCII 
inputs, the unit provides a strobe output and a Busy Input. 

LIGHT PEN INTERFACE 
User-display interaction is possible through the use of a high speed light pen. When the user points the light pen at an illumi­
nated spot on the CRT, the CTM-300 loads the screen coordinates into an internal light pen register. The pen position may then 
be read by the processor. Note that the light pen can only be used with monitors having short persistence phosphors. 

PROGRAMMING 
Functions that are not normally changed during actual operation are set by a series of switches located on the CTM-300 mother 
board (table 1 ). 2K bytes of user RAM is also available for the user to define special functions. The CTM-300 accepts data, from 
the host computer, in Intel Hex Format. 

SWITCH NUMBER DESCRIPTION 

1 ~Selected baud rate (110 - 19.2K baud) 2 
3 
4 Select number of bits per character (7 /8) 

swo 5 Select parity (on/off) 
6 I Select parity (even/odd) 
7 Select number of stop bits (1 /2) 
8 Select full/half duplex 

1 Select control mode (normal/monitor) 
2 Select terminal mode (local/on-line) 
3 Select cursor (steady/blinking) 
4 Select cursor (underline/block) 

SW1 5 Select number of characters per line (80/132) 
6 Select transmission protocol (XON-XOFF/RTS-CTS) 
7 Enable key click 
8 Select display mode (interlaced /non-interlaced) 

Table 1. Programming switches description 
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DISPLAY 
PARAMETER 
Resolution 
Characters per Line 
Lines per Page 
Character Matrix Size 
Character Set 
Languages 
Foreground Colors 
Background Colors 
Cursor 

KEYBOARD 
PARAMETER 
Total Keys 
Keyboard Layout 
Numeric Keypad 
Cursor Controls 
Special Function Keys 
User Function Keys 

MONITOR* 
PARAMETER 

creen Size 
Gun Type 
Shadow Mask 
Controls 
Audio Outputs 

INTERFACES 
INTERFACE 
Host Computer (J1) 
Parallel Printer (J2) 
Light Pen (J3) 
TTL Video (J4) 
Analog Video (J5) 

MECHANICAL 
PART 
Monitor 

Keyboard 

OPERATING 
PARAMETER 
Operating Temperature 
Relative Humidity 
Power Requirements 

ORDERING INFORMATION 

SPECIFICATIONS 
RESTRICTION 
4000 characters 
80 standard, 132 max. 
25 standard, 50 max. 
5 x 7, 7 x 9 dots 
256 upper /lower case alphanumeric and graphic characters 
English, French, Spanish, German, Greek, Swedish 
Red, green, blue, magenta, yellow, white, cyan, black 
Red, green, blue, magenta, yellow, white, cyan, black 
Displayed /non-displayed, block/ underline 

DESCRIPTION 
101 keys 
Standard typewriter layout with sculptured key design 
0 - 9 with minus sign and decimal point 
Up, down, left, right 
Break, print, escape, control, insert, delete, clear home, rub out, line feed 
18 programmable user function keys - originally set as color selection keys 

DESCRIPTION 
12 in. diagonal 
In-line electron guns 
.3mm high resolution shadow mask 
Front mounted brightness and volume controls 
Audible key click and beep 

DESCRIPTION 
RS-232C and 20mA current loop 
Centronics compatible 
10 pin header 
10 pin header 
10 pin header 

DESCRIPTION 
Height 
Width 
Depth 
Weight 
Height 
Width 
Depth 
Weight 

DESCRIPTION 
10-40°C 
10 - 90% 

MATING CONNECTOR 
DB-25 type connector (male) 
DB-25 type connector (male) 
AMP 102184-3 
AMP 102184-3 
AMP 102184-3 

SIZE 
36.3 cm (14.3 in) 
43.5 cm (17.5 in) 
42.0 cm (16.4 in) 
12.3 kg (27.0 lb) 

8.5 cm ( 3.4 in) 
50.4 cm (19.7 in) 
24.0 cm ( 9.5 in) 

5.2 kg (11.5 lb) 

115V, 60 Hz AC @ 50W (American Standard) 
230V, 50 Hz AC@ 50W (European Standard) 

The CTM-300 terminal consists of a 12" color monitor (MEC-12), keyboard with electronics (CTM-300), monitor base 
(CBS-300), and interconnecting cable assembly (KBL-4). 
CTM-300X-X 

M - Complete Color CRT Terminal 

I L1AS - American standard (60 Hz) 
ES - European standard (50 Hz) 

No Suffix - Color Tubeless Terminal (no monitor) 

SUPPORT PRODUCTS 
LP-600 High Speed Light Pen 

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. 

*Monitor can be replaced by the user 

VT·100 Digital Equipment Corp. TM 
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mat1oa <• Y •> clccl1onlc 1y1lcm1 Ud. CTM-300/R 
5800 ANDOVER AVE., T.M:R., QUE., H4T 1H4, CANADA 
TEL.: 514-735-1182 .,,_ TELEX: 05-825651 

AUGUST 1982 

RACK .. MOUNT INTELLIGENT COLOR ALPHANUMERIC TERMINAL 

• 8-color alphanumeric display 

• Programmable display format 

• On-board Z-80A CPU 

• 256 different displayable characters 

• ANSI standard firmware 

• RS-232C input 

• RGB color output (RS-170) 

• Keyboard, printer, and light pen interfaces 

• 2K byte program download 

• 50/60 Hz operation 

• 19" rack-mount 

• Blink, extended height, underline, and 
protected character attributes 

The Matrox CTM-300/R is an intelligent color alphanumeric terminal controller. The electronics are 
contained on a single PC board which is mounted in a 19" steel enclosure, complete with a self­
contained power supply. When interfaced to an external keyboard and color CRT monitor, the 
CTM-300/R provides all of the features of an intelligent black and white terminal with the addition 
of color. The CTM-300/R supports 256 different displayable characters which include all of the al­
phanumeric characters and punctuation symbols for displaying text in one of six languages; En­
glish, French, Spanish, German, Greek, or Swedish. A set of graphic symbols are also supported by 
the CTM-300/R to enable the user to generate "character-oriented" graphic displays (business 
forms, process loop displays, bar charts, etc.). 

The CTM-300/R firmware conforms to ANSI X3.64 and includes a comprehensive set of cursor, 
erase, and character attribute controls which facilitate text editing. The on-board firmware also 
configures the video output to produce a standard display format of 80 characters per line by 25 lines. 
A unique program download feature, together with a series of DIP switches, enables the user to 
adapt most of the CTM-300/R functions to conform to his spec;ific requirements. 

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

Figure 1. CTM-300/R Intelligent Color Terminal - Typical system configuration 

DISPLAY 

The CTM-300/R generates a color alphanumeric display consisting of 25 horizontal lines with 80/132 characters (switch selec­
table) displayed per line. These parameters, however, can be redefined by the user to accomodate virtually any configuration of 
characters/line and lines/page up to maximum of 4000 characters per display. Characters can be assigned as blinking, under­
lined, or protected (protected characters can not be erased or edited while the erasure mode is not in effect). The blink or un­
derline attribute can optionally be replaced (via a hardware strap) by an extended height attribute for displaying double height 
characters. Furthermore, each character can be assigned to be displayed in one of eight different foreground colors on one of 
eight different background colors. Color selection (foreground/background) is also user selectable via user function keys on 
the CTM-300/R. 

As supplied, the CTM-300/R contains a font of 256 displayable charac'ters. This character set (figure 2) consists of all the al­
phanumeric characters and punctuation symbols for displaying text in one of six different languages: English, French, Spanish, 
German, Greek, or Swedish. The CTM-300/R also includes a set of 32 "graphic characters" which can be used for generating 
character oriented graphics such as: business forms, process loop displays, bar charts, etc. Moreover, the user can redefine 
the character set for custom applications by simply replacing the supplied character generator with a 2532 EPROM loaded with 
his custom character font. 

MONITOR INTERFACE 

Two video output connectors are available on the CTM-300/R to drive either a direct drive TTL color monitor, an analog RGB 
color monitor, or a composite analog monochrome (grey scale) monitor. Separate R,G,B video as well as horizontal and vertical 
sync signals are provided on the TTL video connector. The polarity of the TTL sync signals can be strapped for either positive 
or negative logic. On-board circuitry is also provided to allow the user to program the exact sync width and position, for use in 
non-standard monitors. 

A separate 1 Vp-p composite video signal is provided which permits monochrome displays with up to 8 different grey levels. 
Sync polarity on the composite signal is fixed to negative going. 

KEYBOARD INTERFACE 

An on-board 8-bit parallel port latches data from an external keyboard in response to a negative going strobe from the 
keyboard. The resident Z-80A CPU, signaled via an interrupt generated by the keyboard strobe, can then read the keyboard 
buffer. The keyboard interfaces to the CTM-300/R via a DB-25 connector on the back of the rack-mount box. 
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Figure 2. CTM-300/R Character set 
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EDITING 

The CTM-300/R includes a comprehensive set of cursor, erase, and character attribute controls which facilitate text editing. 
Cursor control commands enable the user to redefine the position of the cursor using either "relative" or "absolute" movement 
commands. Relative cursor movement commands include: Backward Field, Back Space, Cursor Down, and Cursor Up, which 
defines the cursor's position "relative" to its former position. Absolute cursor positioning places the cursor in a location whose 
X and Y coordinates are explicitly defined in the instruction. Other editing commands include: Insert/delete a character /line, 
erase a line/area/display, and protect a selected area. The CTM-300/R also includes a scroll feature which will cause th.e 
display to be scrolled up one line when a Carriage Return (CR) command is issued while the cursor is in the bottom-most line of 
the display. 

The full usable command set of the CTM-300/R is shown below, and conforms to the ANSI standard X3.64. Moreover the CTM-
300/R includes 2K bytes of user RAM into which the user can download custom functions. These user-defined functions are 
executed by a special Execute User Function command. The terminal firmware can be replaced with 20K bytes of user installed 
ROM /RAM loaded with the user's custom firmware. 

COMMAND SET 

Self Test 
Unlock Keyboard 
Lock Keyboard 
Start Protected Field 
End Protected Field 
Protect Selected Area 
Protect Field 
Insert Character 
Insert Line 
Delete Character 
Delete Line 
Clear Selected Area 
Clear to End of Screen 
Clear from Beginning of 
Screen to Cursor 

COMPUTER INTERFACE 

Clear Screen 
Clear Protected Only 
Clear Unprotected Only 
Clear to End of Line 
Clear from Start of Line to Cursor 
Clear Line 
Clear Protected Fields on Line 
Clear Unprotected Fields on Line 
Auto Line Feed On I Off 
Start of Selected Area 
End of Selected Area 
Read Back Selected Area 
Define Scrolling Area 

Set Tab 
Clear Tab 
Clear All Tabs 
Back Tab 
Tab 
Cursor Left 
Cursor Down 
Cursor Up 
Cursor Right 
Cursor to Left of Line 
Cursor Home 
Set Cursor Position 
Read Cursor Position 

Set Line Number 
Set Column Number 
Set Color 
Set Cursor On/Off 
Read Light Pen 
Connect to Printer 
Set Alternate Character Set 
Set Standard Charact'er Set 
Load Character Set Map 
Load User Defined Function 
Execute User Function 
Load Screen Format 
Beep 

The CTM-300/R communicates with the host computer via an RS-232C serial interface, which can be configured by switches 
for several modes of operation. Input and output parity is selectable as even, odd, or no parity; and the user can choose one or 
two stop bits. Both full and half duplex operation are possible and the unit can be operated in an on-line or off-line mode. The 
user can also select the baud rate which can be from 110 baud to 19.2K baud. 

PRINTER INTERFACE 

Any Centronics-compatible printer using positive logic can be connected to the CTM-300/R. In addition to the parallel ASCII in­
puts, the unit provides a strobe output and a Busy Input. 

LIGHT PEN INTERFACE 
User-display interaction is possible through the use of a high speed light pen. When the user points the light pen at an illumi­
nated spot on the CRT, the CTM-300/R loads the screen coordinates into an internal light pen register. The pen position may 
then be read by the processor. Note that the light pen can only be used with monitors having short persistence phosphors. 

PROGRAMMING 
Functions that are not normally changed during actual operation are set by a series of switches located on the CTM-300/R 
mother board (table 1 ). 2K bytes of user RAM is also available for the user to define special functions. The CTM-300/R accepts 
data, from the host computer, in Intel Hex Format. 

SWITCH NUMBER DESCRIPTION 

1 
}select baud rate (110 - 19.2K baud) 2 

3 
4 Select number of bits per character (7 /8) 

swo 5 Select parity (on I off) 
6 Select parity (even/odd) 
7 Select number of stop bits (1 /2) 
8 Select full/half duplex 

1 Select control mode (normal/monitor) 
2 Select terminal mode (local/on-line) 
3 Select cursor (steady /blinking) 
4 Select cursor (underline/block) 

SW1 5 Select number of characters per line (80/132) 
6 Select transmission protocol (XON-XOFF /RTS-CTS) 
7 Enable key click 
8 Seleot display mode (interlaced I non-interlaced) 

Table 1. Programming switches description 
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DISPLAY PARAMETERS 

PARAMETER 

Resolution 
Characters per Line 
Lines per Page 
Character Matrix Size 
Character Set 
Languages 
Foreground Colors 
Background Colors 
Cursor 

INTERFACES 

INTERFACE 

Host Computer (J1) 
Parallel Printer (J2) 
Light Pen (J3) 
TTL Video (J4) 
Analog Video (J5) 
Keyboard Input (J6) 

SIZE 

POWER REQUIREMENTS 
American standard: 
European standard: 

ENVIRONMENTAL REQUIREMENTS 
Operating Temperature: 
Relative Humidity: 

SPECIFICATIONS 

RESTRICTION 

4000 characters max. 
80 standard, 132 max. 
25 standard, 50 max. 
5 x 7, 7 x 9 dots 
256 upper/lower case alphanumeric and graphic characters 
English, French, German, Greek, Spanish, Swedish 
Red, green, blue, magenta, yellow, cyan, white, black 
Red, green, blue, magenta, yellow, cyan, white, black 
Displayed I non-displayed, block/underline, blinking /steady 

DESCRIPTION 
RS-232C and 20mA current loop 
Centronics compatible 
10 pin header 
1 0 pin header 
1 O pin header 
8-bit parallel port 

115V, 60 Hz AC@ 50W 
230V, 50 Hz AC@ 50W 

10° to 40° C 
0 to 95% non-condensing 

MATING CONNECTOR 

DB-25 type connector (male) 
DB-25 type connector (male) 
AMP 102184-3 
AMP 102184-3 
AMP 102184-3 
DB-25 type connector (male) 

ORDERING INFORMATION 

CTM-300/R-X 19" rack-mount intelligent color alphanumeric terminal 

~--------{ A - American standard (60 Hz) 
E - European standard (50 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. 

VT-100 Digital Equipment Corp. TM 
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SECTION 16 GRAPHICS SOFTWARE 

GRAS-80 
Graphics Software Package for RGB-GRAPH and VAF-512 

QUARTO 
Graphics Software Package for QRGB-GRAPH 

PLOT-512 
Graphics Software Package for MLSl-512 and MDC-512 
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mat1oa <• Y •) clccttonlc 1y1tcm1 I td. GRAS-80 
5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA 
TEL.: 514-735-1182 TELEX: 05-825651 

JUNE 1982 

GRAPHICS SOFTWARE PACKAGE FOR RGB-GRAPH AND VAF-512 

• Software support for the RGB-GRAPH/ 
VAF-512 

• 49 independent subroutines 

• Draws lines, circles, ellipses, and 
characters 

• Light pen and data tablet support routines 

• Special functions include: pan, scroll, and 
zoom 

• Advanced character manipulation 
including inclined character baseline 

•Supplied on 8" CP/M compatible diskette 

GRAS-80 is a software package which provides extensive high level graphics facilities to the "C" or 
MACR0-80 programmer using a Z-80 based CP/M microcomputer system with a Matrox 
RGB-GRAPH graphics controller. 

Subroutines are provided for line drawing, point drawing, arc and ellipse drawing, initializing, 
panning, zooming, scrolling, and character generation. 

MATROX products covered by Canadian and foreign patent and/or patent pending. 
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FUNCTIONAL DESCRIPTION 
The GRAS-80 package is a collection of subroutines stored in relocatable library form. Designed to run on a Matrox ZBC-80 
CPU in a MACS-to microcomputer system, it can also be made to work with any Z-80 based CPU board. GRAS-80 version 1.0 
can support 1 or 2 RGB-GRAPH boards and one VAF-512 board. 

The GRAS-80 routines are provided as a Microsoft compatible library on an 8" CP/M compatible floppy diskette. The GRAS-80 
package is mainly written in "C" language, although some sections have been implemented in assembler for increased effi­
ciency. These routines are called, by the user's program, using either the Microsoft Assembler (M80) and Linker (L80) or White­
smith's "C". 

UTILITY ROUTINES 
A set of general purpose Utility Routines are included in GRAS-80 which perform various "house-keeping" functions such as 
initializing the RGB-GRAPH boards and accessing registers. An initialization routine, I nit(), sets the RGB-GRAPH's internal reg­
isters to their default values on power-up and/or reset (table 1). Other utility routines enable the user to redefine any or all of 
these default values and re-initialize using these new values. 

PARAMETER DESCRIPTION DEFAULT VALUE 
PAN Starting column number at left side of display COLUMN 0 
SCROLL Starting row number at top of display ROWO 
ZOOM X and Y zoom factors X=1,Y=1 
ASPECT RATIO Y to X ratio for arcs and ellipses 1:1 
RESOLUTION X and Y resolution 512x512 
ADDRESS RGB-GRAPH base 1/0 address AOH 
COLOR Pen color Red 
WRITE ENABLE Enables writing to selected bit planes All planes enabled 
BACKGROUND Background color Black 
VIDEO ENABLE Enables video outputs of selected bit planes All planes enabled 
LINE FORMAT Line texture (solid, dashed, dotted) duty cycle Solid 
PEN SIZE Set size of graphics pen 1 
PEN ASPECT RATIO Y to X ratio for graphics pen 1:1 
BASE DIRECTION Base direction for future chain moves Left to right 
TEXT ENABLE Enables alpha mode and select bit plane for text Alpha mode disabled 
ALPHA PEN SIZE Set pen size for alpha mode 1 
ALPHA PEN ASPECT RATIO Y to X ratio for alpha pen 1 :1 
CHARACTER SPACING Sets horizontal and vertical offsets between characters Vertical offset = 0, 

Horizontal offset = 0 
Table 1. GRAS-80 default values 

BASIC OUTPUT ROUTINES 

The Basic Output Routines include 11 independent subroutines that are used for display manipulation. These routines allow the 
user to draw vectors to the display by simply passing the desired X-Y coordinates, of the vector's endpoint, to the called rou­
tine. Short relative vectors (up to 16 pixels in length) can be drawn, point by point, using the Chain() routine. The Chain() rou­
tine expects a pointer as its input argument which points to a character buffer that contains a series of chain commands. Each 
chain command defines a number of chain moves in relative directions (table 2). The Basic Output Routines also permit draw­
ing of arcs and alpha characters to the display by passing the Y size and quadrant code (draws arcs) or an index into the ASCII 
character table (draw characters). The balance of the Basic Output Routines deal with the user's view of the display. Routines 
are available to allow the user to pan, scroll, or zoom, the displa9 as well as setting the display resolution and the aspect ratio 
used for drawing arcs. An Erase routine is also included to preset or clear the visible part of the screen to the background 
color. 

CHAIN COMMAND DESCRIPTION 
CODE= 0 Chain move in base direction 
CODE= 1 Chain move in base direction + 45 degrees 
CODE= 2 Chain move in base direction + 90 degrees 
CODE= 3 Chain move in base direction + 135 degrees 
CODE= 4 Chain move in base direction + 180 degrees 
CODE= 5 Chain move in base direction + 225 degrees 
CODE= 6 Chain move in base direction + 270 degrees 
CODE= 7 Chain move in base direction + 315 degrees 
CODE= 8 Turn on WRITE ENABLE flag (subsequent chain moves will be displayed) 
CODE= 9 Turn off WRITE ENABLE.flag (subsequent chain moves will not be displayed) 
CODE= 10 Set number of chain moves encoded per chain command code (1to16) 
CODE= 11 End of file (terminates chain command) 
CODE= 12 Plot point without doing a chain move 
CODE= 13 Reserved 
CODE= 14 Reserved 
CODE = 15 No operation 

Table 1. Chain command code description 

16-4 



OUTPUT ATTRIBUTE ROUTINES 
The Output Attribute Routines consist of eight independent subroutines that are used to specify parameters controlling the ap­
pearance of the display such as line width and line format. These routines allow the user to set the graphics "pen" size and as­
pect ratio to obtain a pen of virtually any size and shape, from 1 pixel horizontally x 1 pixel vertically to 512 pixels horizontally x 
512 vertically. The line format (i.e. solid, dashed, dotted, etc.) is also set in a separate routine, with the exact duty cycle being 
passed as an argument to the routine. The Output Attribute Routines also sets the displayed colors of both the background 
video and the graphics pen. Both background and pen color can be independently set to: black, red, blue, magenta, green, 
yellow, cyan, or white. 

COMPOUND OUTPUT ROUTINES 
The Compound Output Routines are similiar in function to the Basic Output Routines, except that all functions are performed 
relative to the present cursor position. For example, a line can be drawn by passing X and V values from the present cursor posi­
tion (starting endpoint) to the destination endpoint. The Compound Output Routines also enable the user to draw an ellipse to 
the display by simply passing the ellipse's radius (along the V axis) as an input argument to the called routine. Two types of 
chain routines are included in the Compound Output Routines. Tchain() can be used as an alternative to the Chain() routine 
found in the Basic Output Routines. Cstring() makes succesive calls to Chara() to write to the display the ASCII characters in 
the buffer pointed to by the pointer passed to the routine. 
ALPHA MODE ROUTINES 
The Alpha Mode Routines provide more advanced character manipulation including writing complete strings, a block cursor 
that can be positioned, auto line feed, wrap around, sloped baselines for the alpha characters, and a separate size and aspect 
ratio for characters only. All the special character functions are enabled or disabled by calling the routine Entext(). These rou­
tines are useful for terminal emulation. 
INPUT ROUTINES 
GRAS-80 supports a number of graphic input devices (light pen, data tablet, or joystick) through a library of six subroutines. 
Using these routines, the user can select which device (if more than one input device is used in the system) is active as well as 
enable a graphics crosshair cursor to be displayed at the XV coordinates obtained from the active input device. The user can 
also specify, through a separate routine, whether an input XV coordinate will cause a line to be drawn from the last input posi­
tion to the new position, or whether the cursor will just be moved without otherwise effecting the display. 
VAF-512 ROUTINES 
VAF-512 support routines contained in GRAS-80 enable the user to read or write the entire color look-up tables on the VAF-512 
board. The user can also read/write any one of the look-up tables (red, green, or blue) selectively. The VAF-512 library also con­
tains a routine to "grab" a frame of video information, from a TV camera, and load it into the RGB-GRAPH display memory. 

SUMMARY OF GRAS-BO ROUTINES 
UTILITY ROUTINES 

NAME FUNCTION 
I nit Initializes RGB-GRAPH boards at as-shipped address and sets internal variables for GRAS-80 
Pi nit Initializes RGB-GRAPH boards at any base address and sets internal variables for GRAS-80, 

also sets resolution 
Set port Tells GRAS-80 the RGB-GRAPH 1/0 base address 
Set reg Writes data to selected 1/0 location 
Setcrtc Writes data to selected CRTC register 
Getreg Reads data from selected 1/0 location 

BASIC OUTPUT ROUTINES 

NAME FUNCTION 
Moveto Absolutepen move with no vector draw 
Lineto Absolute pen move with vector draw 
Chara Writes a standard character at the current pen position 
Apan Absolute horizontal display shift 
Ascrl Absolute vertical display shift 
Zoom Expands part of the display 
Chain Draws a sequence of short relative vectors 
Arc Draws 90° of an arc 
Setaspect Set the ratio of the V to X extent fo subsequent arcs and ellipses 
Set res Changes the display resolution 
Erase Erases the screen and presets it to the current background color 

OUTPUT ATTRIBUTE ROUTINES 

NAME FUNCTION 
Setcolour Sets pen color 
Setwen Enables writing to selected bit planes 
Setback Sets background color to be used after the next Erase 
Viden Enables selected video outputs 
Setdash Sets line texture as solid or dashed and sets dash duty cycle 
Setsize Sets pen size 
Set par Sets pen shape 
Setdir Sets base direction for future chains (including characters) 
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COMPOUND OUTPUT ROUTINES 

NAME FUNCTION 
Move rel Moves pen relative to current pen position without drawing vector 
Lin ere I Moves pen relative to current pen position, drawing a vector 
Rpan Relative horizontal display shift 
Rscrl Relative vertical display shift 
Ellipse Draws an ellipse 
Tchain 'Translates ASCII characters to a form that can be used by the Chain command 
Cstring Display a string of characters that have previously been put in a buffer 

ALPHA MODE ROUTINES 

NAME FUNCTION 
Ent ext Enables or disables alpha mode and selects bit plane for text 
Setaxy Assigns values to alpha cursor position variables used by Entext 
Ac move When in Alpha mode, moves cursor without writing character 
Setasize Sets pen size for alpha mode 
Setapar Sets pen shape for alpha mode 
Set offs Sets horizontal and vertical offsets between characters in a string 

INPUT ROUTINES 

NAME FUNCTION 
Activate Activates the specified input device (light pen, data tablet, or joystick) 
Deactivate Deactivates the specified input device 
Encur Enables crosshair cursor on specified display memory bit plane(s) 
Getcoor Gets one coordinate from the currently activated input device and places it in an external 

buffer 
lnkmode Sets up parameters for input "inking". If mod~ = 1, the input will cause a line to be drawn 

from the last input position to the new position, otherwise it will just move the cursor 
Ink Starts the input routine 

VAF-512 ROUTINES 

NAME FUNCTION 
Loadcolourmap Loads all the VAF-512 color look-up tables from an external buffer 
Readcolourmap Reads all the VAF-512 color look-up tables to an external buffer 
Loadc Loads the specified VAF-512 color look-up table (red, green, or blue) from an external buffer 
Reade Reads the specified VAF-512 color look-up table (red, green, or blue) to an external buffer 
Framegrab Grabs a frame of video information from a TV camera and places it in the display memory 

ORDERING INFORMATION 

GRAS-BO:X/X-X Graphics software package on an 8" floppy diskette 

T {A - American operation 
E - European operation 

{ V - For RGB-GRAPH/VAF-512 display systems 
S - For RGB-GRAPH stand alone systems 

~-------- { 0 - Output routines only 
I - Input and output routines 

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 TM 
Z-80, Z·BOA Zllog TM 
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mat1oa <• • •) clccllonlc 1y1tcm1 ltd. QUARTO 
5800 ANDOVER AVE., T.M.R., QUE., H4T 1H4, CANADA 
TEL.: 514-735-1182 TELEX: 05-825651 

AUGUST 1982 

GRAPHICS SOFTWARE PACKAGE FOR QRGB-GRAPH 

• Software support package for QRGB­
GRAPH 

• Page-oriented graphics 

• Supports scaling and windows 

• Line, point, and character draw and erase 
commands 

• Seed area fill 

• RT-11, RSX-11, TSX, UNIX, and XENIX 
drivers available 

• Special functions include: pan, scroll, 
zoom, and overlay 

• Advanced character manipulation 
including inclined character baseline and 
character rotation 

• Supplied on an 8" floppy diskette 

QUARTO is a software system for producing line drawings, plotting diagrams and graphs, and for 
other tasks in which the computer graphics device is used in the manner of a sketchpad and a set 
of colored pencils. QUARTO provides an extensive set of subroutines for writing graphic plots onto 
color or monochrome pages of a display, for making the written pages visible, or for hiding them. 

QUARTO is designed to be used with a Matrox QRGB-GRAPH graphics display controller card, 
driven by a PDP-11/LSl-11 (Q-bus or Uni-bus) computer, and either a color or monochrome display 
monitor. 

QUARTO is available for use with RT-11, RSX-11, TSX, TSX-PLUS, UNIX, XENIX, and other 
operating systems. 

MATROX products covered by Canadian and foreign patent and/or patent pending. 
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Figure 1. QUARTO - Typical application 

FUNCTIONAL DESCRIPTION 

The QUARTO software package is a library of subroutines supplied on an 811 floppy diskette. The QUARTO routines enable the 
user to create and manipulate graphic video displays, with up to 512 x 512 dot resolution, on a color or monochrome CRT 
monitor. 

QUARTO is designed to be used with a Matrox QRGB-GRAPH graphics CRT display controller board driven by a PDP-11/LSl-11 
(Q-bus or Uni-bus) processor, and is available for use with RT-11, RSX-11, TSX, TSX-PLUS, UNIX, XENIX, and other operating 
systems. QUARTO subroutines are furnished as threaded code and make use of the appropriate operating system library. 
These routines can generally be called from Fortran, Pascal, C, or assembler-language programs provided the standard system 
library is available. In addition to the subroutine library, a device driver may be required by certain operating systems. Where 
needed, the standard QUARTO release package includes such a driver. 

The QUARTO software package employs a "paged graphics" technique, whereby the four display planes of the QRGB-GRAPH 
are grouped together to form one or more "pages" (analogous to sheets of drawing paper), each of which can be written on, 
erased, cleared, displayed, or otherwise manipulated individually. The four display planes of the QRGB-GRAPH can be con­
figured, by QUARTO, to form eight different combinations of pages (Virtual Machines). 

MACHINE NUMBER DESCRIPTION 
OF PAGES 

1111 4 Four monochrome pages (one plane; each) 
2110 3 One four-color page (two planes) and two monochrome pages (one plane each) 
2111 3 Same as Machine 2110 except using different colors (different plane-page configuration) 
2112 3 Same as Machine 2111 except using different colors (different plane-page configuration) 
220 2 Two four-color pages (two planes each) 
221 2 Same as Machine 220 except using different colors (different plane-page configuration), 
222 2 Same as Machine 221 except using different colors (different plane-page configuration) 
31 2 One eight-color page (three planes) and one monochrome plane (one plane) 

Table 1. Virtual Machines supported by QUARTO 

PAGED GRAPHICS 

The Paged Graphics routines in QUARTO are used to define and manipulate the working, or "environmental", parameters of 
the display on a page level. Page control routines allow the user to individually enable the video output from each page, 
enable/disable writing to each page, or clear a specified page to a specified color. The enable/disable video routine allows sev­
eral pages to be overlayed on the screen together. Displays may also be combined in many complicated ways by merging the 
contents of two pages into a single page. In the merging process both pages to be merged are read, pixel by pixel, and rewrit­
ten in accordance with whatever logical function the user has chosen to specify. Full or partial images can also be transferred, 
through QUARTO, between the display and disk. 

An initialization routine (QRINIT) loads a set of default parameters for QUARTO (table 2). QRINIT defines such parameters as: 
currently active Virtual Machine, currently active page, and graphics pen color. Other routines in the Paged Graphics library al­
low the user to dynamically update these parameters. Routines are included to set the display resolution in terms of virtual 
coordinates (i.e. X and Y coordinates are expressed in the range of 0 to 1.0) for each page, and to map this virtual window onto 
a defined portion of the screen. This feature allows the programmer to display several windows on the page simultaneously 
(figure 2). 
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Figure 2. Virtual graphics window 

PARAMETER DESCRIPTION DEFAULT VALUE 
PAN Starting column number at left side of display Column 0 
SCROLL Starting row number at top of display Row 0 
ZOOM X and Y zoom factors X=1, Y=1 
RESOLUTION X and Y resolution 512x512 
PAGE Activates page to display Page 0 active 
COLOR Sets pen color Red 
VIRTUAL WINDOW Sets resolution of virtual window 1.0 x 1.0 
SCREEN WINDOW Sets resolution of screen window 512x512 
MACHINE Select Virtual Machine 31 
POSITION Set X and Y coordinates of graphics pen X=O, Y=O 

Table 2. QUARTO default parameters 

SCREEN WINDOW 

A separate routine is available to enable the programmer to introduce horizontal and vertical offsets, when drawing characters, 
to simulate a sloped character baseline. 

VIRTUAL LINE GRAPHICS 

Virtual Line Graphics routines are used to actually construct the images on the currently active page. Lines, points, and charac­
ters can be written to the display using routines found in the Virtual Line Graphics library. Characters that can be drawn to the 
display include all of the upper and lower case alphanumeric characters as well as any user-defined characters. Strings of char­
acters can be drawn to the currently active page using powerful character manipulation routines. Characters can be increased 
in size up to 42 times their normal height and can be rotated, in multiples of 90°, to a maximum of 360°. 

Writing to the display is done in one of five modes. In mode 0, the graphics pen is moved along its perscribed route without writ­
ing. Mode + 1 enables writing in a specified color, regardless of the previous or background color. A Masked Complemented 
Writing mode (-1) causes each point on the pen route to be written in a color obtained by complementing those bits of the ex­
isting color which correspond to zero bits in the specified pen color (eg. a cyan pen (110), writing on a yellow background (011 ), 
yields a green (010) line). Modes + 2 and -2 refer to Additive Relative Writing and Subtractive Relative Writing respectively. In 
these modes, the new point color is determined by either adding or subtracting the pen color from the previous point color. An 
area fill routine (QRVNFL) is also incorporated in QUARTO which allows the use to "color" a defined area of the display. 
QRVNFL can also be used to copy filled areas between pages. 

PIXEL ADDRESSED GRAPHICS 

The Pixel Addressed Graphics subroutines in QUARTO deal with the pixel addresses as integer pixel numbers and may be re­
garded as being the low-level access to the actual hardware. For applications requiring maximum memory use, graphics at the 
pixel level can be very advantageous. Where it is desirable to embed these routines in PROM firmware, a separate "embedded 
code licence" is available. 

DEBUGGING FACILITY 

To aid in debugging programs incorporating QUARTO, many of the subroutines supply debugging information to the program­
mer in the form of error messages displayed at the system console. These error messages are presented in the form of a four 
character code, of which the first two characters define the error type and the last two characters identify the subroutine. 

Parallel versions of subroutines are provided wherever the error reporting facilities have a significant effect on either execution 
time or code length (routines of the form QDxxxx incorporate debug error reporting). QRxxxx versions of the routines (no error 
reporting facilities) should be used in the final production program since these routines generally run faster. 
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SUMMARY OF QUARTO ROUTINES 

PAGED GRAPHICS ROUTINES 

NAME FUNCTION 
QRCPOS Specify character pen beginning and ending position 
QDCPOS 
QRINIT Initialize all hardware and software parameters 
QRMERG Merge two pages 
QDMERG 
QR PAGE Write enable selected page (only one page can be write enabled at one time) 
QDPAGE 
QR PC LR Clear specified page to specified color 
QDPCLR 
QRPVEN Enable/disable video from specified page 
QDPVEN 
QRECN Select current virtual machine for page graphics 

I QDECN 
' QR SAVE Store specified portion of current picture on disk 

QDSAVE 
QRSERS Disable video from all pages 
QRSTAT Display current graphics system status 
QRSWIN Define screen window to be used on specified page 
QDSWIN 
QRVWIN Define virtual window to be used on specified page 
QDVWIN 
QRWRIT Restore saved picture from disk to display buffer 
QDWRIT 

VIRTUAL LINE GRAPHICS ROUTINES 

NAME FUNCTION 
QRCCHR Draw an array of ASCII characters 
QDCCHR 
QRVCHR Draw an ASCII character 
QDVCHR 
QRVLIN Draw a line in virtual space 
QDVLIN 
QRVNFL Fill an area 
QDVNFL 
QRVPNT Draw a point at the specified virtual coordinates 
QDVPNT 
QRVSCH Draw a user-defined character 
QDVSCH 
QRVVCH Draw a string of user-defined characters 
QDVVCH 

PIXEL ADDRESSED GRAPHICS ROUTINES 

NAME FUNCTION 
QRACLR Clear specified planes and set to specified color 
QDACLR 
QRHCLP Enable/ disable hardware clipping 
QDHCLP 
QRHPAN Pan display to specified X coordinate 
QDHPAN 
QRHSCR Scroll display to specified Y coordinate 
QDHSCR 
QRHZOM Zoom display by specified zoom factor 
QDHZOM 
QRRPDX Read pixel color from specified location 
QDRPDX 
QRSCHV Draw a user-defined dot matrix character 
QDSCHV 
QRSPCH Draw a dot matrix character 
QDSPCH 
QRWPXL Write a pixel to the specified location in the specified color 
QDWPXL 
QRWREN Write enable the specified plane(one plane is enabled per call but any numberof planes can 
QDWREN be write enabled at any one given time) 
QR WV CT Draw a line of pixels 

._Q_DWVCT 

ORDERING INFORMATION 

QUARTO Graphics software package on an 8" floppy diskette. When the QUARTO package is ordered, 
the user must complete a licensing agreement, and a configuration form. 

Matrox Electronic Systems Ltd reserves the right to make changes in specifications at any time and without notice. The in-

_.j 

i 

I 

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

AUGUST1982 

GRAPHICS SOFTWARE PACKAGE FOR MLSl-512 AND MDC-512 

• Graphics subroutine library 

•Compatible with MLSl/MDC-512 

• Line, point, and character draw and erase 
commands 

• Compatible with RT-11 operating system 

• Supplied on 8" diskette 

PLOT-512 is a software package which provides extensive high-level graphics facilities to the RT-11 
Fortran or Macro-11 programmer using a PDP-11 or LSl-11 computer equipped with a Matrox MLSl-
512 or MDC-512 graphics controller. 

The combination of PLOT-512 and a Matrox display controller can be used to add a fast and pow­
erful graphics terminal to any existing PDP-11 or LSl-11 system. Alternatively, a very inexpensive, 
highly intelligent graphics terminal for general use can be configured around an LSl-11 processor. 

PLOT-512 is specifically directed to line graphics; displays consisting of lines, points, and alphanu­
meric characters. Graphics, curves, and diagrams can be produced quickly so that PLOT-512 is 
particularly well suited to computer-aided design applications. 

MATROX products covered by Canadian and foreign patent and/or patent pending. 
16-11 
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Figure 1. PLOT-512 - Typical application 
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PLOT-512 is a collection of subroutines stored in relocatable library form. Designed to run in either PDP-11 or LSl-11 computer 
systems, equipped with a Matrox MDC-512 or MLSl-512 graphics controller board, PLOT-512 supports display formats of up to 
512 x 512 dots. 

PLOT-512 is line graphics oriented as are the Tektronix, Calcomp, and several other software packages. Although PLOT-512 is 
not intended to be totally compatible with the Calcomp or Tektronix packages (full compatibility would very likely rob the user of 
the many powerful features that only raster graphics can provide), PLOT-512 does include a number of subroutines analogous 
to similarly named and similarly called routines in PLOT-10. Thus conversion of already existing PLOT-10 software should not 
be difficult, and in many instances should prove unnecessary. 

PLOT-512 is provided on a standard 8" diskette in RT-11 format. The PLOT-512 routines are called, by the user's program, 
using either Macro-11 or Fortran. 

INITIALIZATION 

The INITT routine of PLOT:512 initializes all the graphics indexing, sets up buffers, and sets up default values prior to program 
execution. Another function of the INITT routine clears the entire screen to the default background color. 

NAME FUNCTION DEFAULT VALUE 
Pen Color Color of the graphics pen Black 

I 
Background Color of the background screen White 
Controller Address Base address of the graphics controller board 175 0008 
110 Address Address of the parallel interface 174 0008 
Virtual Window Size Width and height of the virtual window 512x512 
Screen Window Size Width and height of the screen window 512x512 
Pixel Size Width and height of one displayed dot 2x2 
TV Standard Vertical frame refresh rate 60 Hz American standard 

Table 1. PLOT-512 default values 

DIRECT GRAPHICS 

Using the Direct Graphics subroutines, plotting operations are specified using absolute screen locations. To these routines, the 
plotting range of the program, like the display screen, is seen as an array of 512 x 512 pixels. Direct Graphics routines are gener­
ally most useful in writing further, more sophisticated and specialized display routines. 

The Direct Graphics routines are made up of four routines; PLOT, PNTABS, MOVABS, and DRWABS. Through these routines 
the user can draw lines in the current pen color, the complement of the current pen color, or alternating between the current 
color and its complement (i.e. dotted line). Note that by drawing over a line in the complement pen color, the user can selecti­
vely "erase" any line of the display. Routines are also available to enable the user to move the drawing "pen" to a defined loca­
tion on the screen and display a point (a point is drawn by PLOT-512 as two pixels wide by two pixels high), or to simply move 
the pen to a new screen coordinate without effecting the display. 
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The Virtual Graphics capabilities of PLOT-512 enable the user to establish a plotting range (within which the program will func­
tion normally) which can be larger than the active area of the display screen. A "virtual window" (up to 512 x 512 pixels in size) 
is then defined within this working area, to represent the portion of the working area that is to be displayed on the screen. 

The Virtual Graphics routines include two subroutines, VWINDO and SWINDO, used to define that area of the work space that 
is to be displayed. VWINDO identifies the size and location of the virtual window. Another routine SWINDO, redefines the 
screen window such that the user can specify that only a certain portion of the screen is to be employed. The virtual coordinate 
space, defined by VWINDO, is mapped into the partial screen, defined by SWINDO, and clipping is applied at the edges of the 
screen window. This feature can be used to plot several displays on the same screen at the same time (eg. several views of an 
object can be displayed simultaneously). 

The basic line drawing routines of the Virtual Graphics portion of PLOT-512; DRAWC, POINTA, MOVEA, and DRAWA, translate 
directly from the Direct Graphic routines; PLOT, PNTABS, MOVABS, and DRWABS. In the Virtual Graphics routines, however, X 
and Y coordinates are referred to with respect to their position in the overall working area. A separate routine is maintained to 
convert these virtual coordinates into actual screen locations. 

ALPHANUMERIC OUTPUT 

Alphanumeric characters may be intermixed with the graphics drawings on the display, through the use of the Alphanumeric 
Output routines. The full upper-case ASCII character set can be generated by PLOT-512 with each character being formed 
within a 5 x 7 dot matrix. To display a character, the user simply passes the character's ASCII Character Code and X-Y coordi­
nates to the subroutine CHARA. A second routine, ANMODE, is included in PLOT-512 in order to achieve a measure of com­
patibility with the Tektronix PLOT-10 software package. AN MODE performs nci other function in PLOT-512. 

STAND-ALONE ROUTINES 

Several basic PLOT-512 routines operate at the pixel level and do not depend on support from the RT-11 operating system. 
These routines permit the user to extend PLOT-512 and to create custom packages including specialized subroutines. In appli­
cations where the memory space is at a premium, there may be advantages to programming directly in these relatively low-level 
routines. The Stand-Alone routines are accessable to programs operating in a stand-alone environment as well as those in­
tended to be fully supported by the RT-11 system library at run-time. 

The Stand-Alone library includes 11 subroutines. An ERASE routine enables the user to clear the entire screen to the current 
background color. Line drawing routines permit the user to move the pen without drawing a line, draw a point, draw a line, clear 
a line (draw a line in its complementary color), or draw a dotted line. Further routines are included in the Stand-Alone routines 
which can draw a box (horizontal width and vertical height of the box are passed as arguments to the routine) or alphanumeric 
characters to the display. 

GRAPHIC AND ALPHANUMERIC INPUT 

Graphics input can be accepted by PLOT-512, through a joystick, track ball, or data tablet, by means of a standard 16-bit paral­
lel interface. The X and Y screen coordinates of the graphics input device are communicated to the PDP /LSl-11 computer as 
two bytes of a 16-bit word. The graphics cursor (cursor is displayed as a cross hair pattern) is software generated by PLOT-512 
in less than one frame period, so that cursor movements appear smooth and continuous. 

Provisions have been made in PLOT-512 for formatless input of limited amounts of alphanumeric information through the sub­
routines INSTRG and TTACC. These routines enable the user to read a line of up to 80 character terminated by a carriage 
return, from the console terminal. 
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SUMMARY OF PLOT-512 ROUTINES 

DIRECT GRAPHICS ROUTINES 
NAME FUNCTION 
PLOT Absolute pen move with vector draw in accordance to line color code, N. 

N = 1: draw line in complement pen color 
2: draw line in pen color 
3: move pen without drawing line 
4: draw dotted line 

PNTABS Absolute pen move with point draw at new pen position 
MOVABS Absolute pen move with no vector draw 
DRWABS Absolute pen move with vector draw 

VIRTUAL GRAPHICS ROUTINES 

NAME FUNCTION 
VWINDO Identifies the size and location of the virtual window 
SWINDO Defines portion of the screen used for display 
DRAWC Virtual pen move with vector draw in accordance to line color code, N. 

N = 1: draw line in complement pen color 
2: draw line in pen color 
3: move pen without drawing line 
4: draw dotted line 

POINTA Virtual pen move with point draw at new pen position 
MO VEA Virtual pen move with no vector draw 
DR AWA Virtual pen move with vector draw 
SCRCDT Performs conversions between virtual and absolute screen coordinates 
PIXLW Define pixel size 

ALPHANUMERIC OUTPUT ROUTINES 

NAME FUNCTION 
CHARA Write a character at the specified pen position 
ANMODE No real function. Used only for partial compatability with Tektronix PLOT-10 software 

STAND-ALONE ROUTINES 

NAME FUNCTION 
ERASE Clear screen to current background color 
PENCOL Complement current pen color 
BAK COL Complement current background color 
MOVPT Absolute pen move with no vector draw 
MPOINT Absolute pen move with point draw at new pen position 
LINE Absolute pen move with vector draw 
CLINE Absolute pen move with vector draw using complement of current pen color 
OLINE Absolute pen move with vector draw using a dotted line format 
XLINE Absolute pen move with vector draw in accordance the line color code, N. 

N = 1: draw line in complement pen color 
2: draw line in pen color 
3: draw dotted line 

BOX Draw a box at the current pen position 
MATCHR Draw a character at the specified _Qen JJOsition 

ALPHA/GRAPH INPUT ROUTINES 

NAME FUNCTION 
VCURSR Displays graphics crosshair cursor and accepts input from keyboard 
DCl)RSR Displays graphics crosshair cursor and accepts input from keyboard 
MAT CSR Displays graphics crosshair cursor and accepts input from keyboard (Does not require 

INSTRG 
support from RT-11 operating system) 
Accepts a line of alphanumeric data. This data is classified (alpha, numeric, or general) 
and converted to a standard format 

TTACC Reads the console terminal buffer 

ORDERING INFORMATION 

PLOT-512: Complete graphics package on an 8" floppy diskette. 

Matrox Electronic Systems Ltd reserves the right to make changes in specifica,tions 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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APPLICATION NOTE 

#1 

DECEMBER 1982 

PROGRAMMING CRTC BASED VIDEO CONTROLLER BOARDS 

1. INTRODUCTION 
2. RASTER SCAN VIDEO 
3. THE CRT CONTROLLER 
4. RGB-ALPHA 
5. RGB-GRAPH 
6. VAF-512 
7. RGB-ALPHA/RGB-GRAPH COMBINATION 
8. RGB-GRAPH/VAF-512 COMBINATION 
9. RGB-ALPHA/RGB-GRAPH/VAF-512 COMBINATION 

1.0 INTRODUCTION 

This application note is intended as a programming aid for users of the Matrox RGB-ALPHA and 
RGB-GRAPH video boards. The information provided here supplements that found in the 
RGB-ALPHA and RGB-GRAPH Hardware Reference Manuals and provides the basis for under­
standing how various video display formats may be generated using these cards. 

The fundamentals of raster-scan video are explained in Section 2, and the key terms of raster-scan 
are defined. 

The SY6545 CRTC is discussed in detail in Section 3. The function of each internal register is 
explained with respect to its role in generating the video display. 

The remaining sections provide specific examples of programming single and multiple board 
systems. The general rules for initializing non-standard board/format are also covered. 

2.0 RASTER SCAN VIDEO 

Raster Scan video systems typically use a Cathode Ray Tube (CRT) as the display device. The in­
side of the display surface of the CRT is coated with phosphor, which, when bombarded with elec­
trons, emits light. The type of phosphor used determines both the color of the light and the 
duration of the emission (persistence). 

In raster systems, the electron beam(s) is cyclically swept across the face of the CRT, from left to 
right, top to bottom. The cycle time and the persistence of the phosphor must be matched so that 
the image traced by the raster appears stable. Figure 1 shows the raster scan principle. 

At the end of each hozirontal line, a sync pulse is generated to reset the electron beam to the left 
side of the display. This is the horizontal sync pulse. In order to prevent the retrace from affecting 
the display, the electron beam is shut off or "blanked" during this interval. This is the horizontal 
blanking period. 

I\. ..... 
~ ------ _ .... _ 

Display 

-- _,\. - - - - - - - - - - ----i 
__ .,_ ___ Horizontal Retrace 

I-=.- -~ - - - - - - -~ _ Vertical Retrace ----- -_\ -----=-
..,.____ - - -__:..._- - - - - - -
1-. - - ~- - - - - - - - - - ~ 

Figure 1. Raster Scan Principle 

MATROX products covered by Canadian and foreign patent and/or patent pending. 
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Figure 2. Interlaced Video 

Lines of video are generated in this fashion until the electron beam reaches the bottom of the display. A vertical sync 
pulse is supplied to reposition the beam to the top of the screen and a vertical blanking period is used to "blank" the 
video during the vertical retrace period. 

That portion Jf the raster that includes one full sweep of the screen from top to bottom is called a "field" of video. The 
generation of a full image on the screen is called a "frame". 

Two conventions exist for generating complete rasters: a non-interlaced raster is one in which the frame rate is equal 
to the field rate (i.e. one field per frame); an interlaced raster is one in which the frame rate is half of the field rate 
(i.e. two fields per frame). In an interlaced raster system, two consecutive fields (odd and even) are vertically offset 
such that the lines of the odd field fill in between the lines of the even field. See figure 2. 

STANDARDS 

Raster timing standards exist and are used by most, but not all, equipment manufacturers. Note that the standards are 
different for U.S. Broadcast, European Broadcast and U.S. closed circuit. 

U.S. 
VIDEO PARAMETER BROADCAST 

LINES/FRAME 
Non-Interlaced 

Interlaced 

FRAME RATE 
Non-Interlaced 

Interlaced 

VERTICAL FIELD PERIOD (TOTAL) 

VERTICAL DISPLAY PERIOD (VISIBLE) 

VERTICAL BLANK PERIOD (BLANKED) 

VERTICAL SYNC PULSE WIDTH 

HORIZONTAL LINE RATE 

HORIZONTAL LINE PERIOD (TOTAL) 

HORIZONTAL DISPLAY PERIOD (VISIBLE) 

HORIZONTAL BLANK PERIOD (BLANKED) 

VERTICAL SYNC POSITION* 

HORIZONTAL SYNC POSITION'''* 
HORIZONTAL SYNC PULSE WIDTH 

*With respect to the end of the vertical blank period 
**With respect to the end of the horizontal blank period 

3. THE CRT CONTROLLER 

262% 

525 

60Hz 

30Hz 

16,667us 

15,834us 

883us 

190.5us 

15.75KHz 

63.5us 

52.1 us 

11.4us 

642.1 us 

9.4us 
5.1 us 

EUROPEAN U.S. 
BROADCAST CLOSED CIRCUIT 

312% 262% 

625 525 

50Hz 60Hz 

25Hz 30Hz 

20,000us 16,667us 

18,800us 15,417us 

1,200us 1,250us 

192.0us 150.0us 

15.625KHz 15.75KHz 

64.0us 63.5us 

51.2us 53.5us 

12.Bus 10.0us 

1,008us 972.0us 

11.5us 9.5us 

5.8us 4.8us 

The CRT controller is an integrated circuit which is responsible for controlling the raster timing parameters as pro­
duced by the RGB-ALPHA and RGB-GRAPH video boards. The CRTC contains eighteen read/write registers which 
must be initialized by the user according to his display format requirements and monitor drive requirements. 

In order to display digital data on the CRT, the CRT controller must sector the display into a finite number of display 
segments. This segmentation takes place at two levels as shown in Figure 3. The screen is divided into coarse units 
called cells and the cells in turn are segmented into finer units called pixels (picture elements). 
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Figure 3. Segmentation of the Video Display 

The CRTC has an internal register structure as shown in Figure 4. 

.. .. , - y 

The Address register is used to select one of the 18 internal registers and the data register is then used to read or write 
data to the selected register. 

Registers (RO through R9) are used to set up the raster timing parameters. Refer to figure 5 while reading the text. In 
order to properly program the CRTC, it is necessary to establish the cell size (X, Y) since many of the internal registers 
use those cells as a base measure. 

Note: There are some slight differences between Hitachi and Synertek parts. Be sure which part is used on your board. 

RO - Horizontal Total - This register identifies the number of cells (both visible and blanked) in each horizontal line of 
video. Since cell numbering starts at 0, the actual value loaded is Ht-1. 

R1 - Horizontal Displayed - This register stores the number of displayed cells; Hd. 

ADDRESS REGISTER 

LOCATION A I I I I I I I I I 
.... , 

T < 

DATA REGISTER 

LOCATION 8 I I I I I I I I I 
'- ......., 

Figure 4. Internal CRTC Register Structure 

{ r--

VERT. l HORIZ. 

w 
0 
0 
0 
w 
0 

<fl 
<fl 
w 
a:: 
0 
0 .. 

'- ......_. 
\. ./ 

J 

A·5 

RO- HORIZONTAL TOTAL 

RI- HORIZONTAL DISPLAYED 

R2- HORIZONTAL SYNC POSlllON 

R3- SYNC WIDTH V /H 

R4- VERTICAL TOTAL 

R5- VERTICAL TOTAL ADJUST 

R6- VERTICAL DISPLAYED 

R7- VERTICAL SYNC POSITION 

RB- MOOE CONTROL 

R9- CELL HEIGHT 

RI 0- CURSOR START 

RI I-CURSOR ENO 

Rl2-DISPLAYSTART I 

RI 3- DISPLAY START 2 

RI 4-CURSOR POSITION I 

RI 5-CURSOR POSITION 2 

RI 6- LIGHT PEN POSITION I 

R 17- LIGHT PEN POSITION 2 
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Figure 5. Raster Timing Requirements 

R2 - Horizontal Sync Position - The horizontal sync position corresponds to the cell number loaded in this register 
(start position). 

R3 - Sync Width V /H - The first four bits of this register store the vertical sync width in lines; the second four bits 
store the horizontal sync width in cells. 

R4 - Vertical Total - The CRTC uses two registers to identify the total number of lines in the raster. The vertical total 
register stores the number of complete cells (Vt-1) and any remaining lines (partial cells) are stored in the Vertical 
Adjust register. 

RS - Vertical Total Adjust - If the total vertical lines does not correspond to an integral number of cells, the remaining 
lines are identified with the Vertical Adjust register. (The adjust lines are added to each field.) 

Note: In all modes an extra Y2 line per field is automatically added to the display by the CRTC. 

R6 - Vertical Displayed - This register stores the number of vertical cells displayed - Vd. 

R7 - Vertical Sync Position - This register stores the vertical cell position which contains the vertical sync pulse. 

RS - Mode Control - Each bit of this control register performs a different function. For Matrox applications, the upper 
five bits are always zero and only the lower three bits are relevant. 

7 6 5 4 3 2 1 . 0 BIT 

L{. ~g -Non - Interlaced Raster 

01 - lnterlared Sync Only" 

11 - Interlaced Raster 

'------{ O-Binary RAM Addressing (RGB-ALPHA) 

I - Row I Column Atldressing ( RGB-GRAPH) 

*Interlaced sync only mode has the same timing as interlaced mode, only the same data is repeated in both the odd 
and even fields. This mode can be used instead of non-interlaced if a long persistance monitor is used. (Refer to CRTC 
data sheets for a detailed explanation. 

Figure 6. Mode Control Register 
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R9 - Cell Height - This register contains the number of lines per cell (height). Because the cell rows are numbered 
from zero, the actual value programmed is "# rows - 1 ". 

The other CRTC registers are not relevant to raster timing. Their description can be found in the CRTC data sheets. 

PROGRAMMING DISCREPANCIES 

Hitachi 

In interlaced mode, the following differences and restrictions apply: 

a) H total must be even 

b) Cell height must be even (R9 is programmed with # rows - 2) 

Synertek 

In interlaced mode, the following differences and restrictions apply: 

Interlaced Sync & Video (Row/Column Addressing) 

a) Horizontal total must be even 

b) Vertical adjust-R5 = R9 
R5 = R9 + 1 

Interlaced Sync & Video (Binary Addressing) 

4.0 RGB-ALPHA 

a) Horizontal total must be even 

b) Vertical adjust-R5 = R9 
R5 = R9 + 1 
R5 = (R9 + 1) 

2 
R5 + 1 = (R9 + 1) 

2 

c) Vertical total-(Vertical Total - 1) 

2 

d) Vertical displayed-Vertical Displayed 

2 

e) Vertical sync position-Vertical Position 

2 

The RGB-ALPHA is a cell addressable alphanumeric/graphic video controller. The user can format the CRTC to pro­
duce virtually any row/column combination as long as the total number of displayed cells is less than 4096; (8192 in 
unified mode). 

The standard character set is implemented in a 5 x 7 dot matrix format with lower case descenders. The recommended 
minimum cell size is seven (7) pixels wide by ten (10) lines high, but smaller or larger cells can be defined to suit 
different applications. 

In addition to the CRTC, the RGB-ALPHA has two control registers that must be initialized in order to operate 
the board: 

CONTROL REGISTER 1 7 6 5 4 3 2 1 0 BIT 

l l l I I I I I J l LJ HORIZONTAL 0 ~ 
2 

D03T£ 
4 
~~ 

6 
Dril§ SYNC DELAY DOTS DOTS DOTS DOT§ 

i~ I ][ I 0 I 0 I 0 
XPAN 1 I I 0 0 I I 0 0 
XPAN 2 I I I I 0 0 0 0 

IZ_OOM FA l!lJ: :rt +:EH~ sI 1I a] 
XZOOM 0 oI 1:r o 

ZOO_M_ 1 I I 0 0 I I 
X ZOOM 2 .l 1.l 1 1_11.lO 0 0 0 

!Z.<l.Q.M F _A_Cl 1 2 4 
ZOOM 0 .lO_l I OJ 
ZOOM 1 Ioio:r 1 
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BIT 0 

BIT 1-3 

BIT 4-7 

VE: When this bit is zero, all outputs are disabled. When this bit is one, all video outputs are enabled. 

DTO, DT1, DT2: These bits set the number of dots per cell horizontally. See table above. 

CKO - CK3: These bits program the dot clock frequency as a fraction of the crystal clock. See table 
above. 

DOT CLOCK FREQUENCY = XTAL FREQUENCY 

DOT CLOCK DIVIDER 

CONTROL REGISTER 2 
7 6 5 4 3 2 1 0 BIT 

ENT 0 I 0 
ENA I 0 0 
MOOE AUTO ATTRIBUTE TEXT UNIFIED 

ATTRIBUTE MEMORY MEMORY MEMORY 

'------ CGE - Character Generator Enable 

'------- BMS - Memory Enable 

HTO 0 I 0 
HT I 0 0 I 
CHARACTER NORMAL DOUBLE TRIPLE QUADRUPLE 
HEIGHT 

'----------- EXHE - Extended Height 

'------------ CGS - Character Generator Select 

In order to accommodate all possible formats, it may be necessary to change the crystal (XTAL) used in the 
RGB-ALPHA boards: 

Standard: 11 .6666 MHz 

Optional: 16.0000 MHz 
13.3333 MHz 
10.0000 MHz 

PROGRAM EXAMPLE 

The needed display format is 24 rows x 80 columns of characters, non-interlaced, in a 7 x 10 pixel cell. A standard 
(262%)/(525) line, 60 Hz monitor is to be used. The RGB-ALPHA board has a Hitachi CRTC. 

Step 1 

Calculate ideal crystal frequency: 

XTAL frequency = # of displayed pixels per line 

visible display time 

80 columns x 7 pixels/cell 
53.5 usec 

10.47 MHz 

To ensure monitor compatibility, choose the closest XTAL frequency to 10.47 MHz that is equal to or greater than that 
value, i.e. 11.6666 MHz. 

Step 2 

Dot clock divider = 11.6666 

11.6666 

Calculate the control register and CRTC register parameters (all values in hex): 

CTRL 1 1111 001 

CTRL2 0 0 0 0 0 1 1 

[F9] 

[OB] 
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CRTC O Horizontal Total = Horizontal Total Time x Dot Clock Frequency 

10610 

(HTOT - 1) 

Cell Width 

= 63.5 usec. x 11.6666 MHz = 106 

7 
= 6A 

= [69] 

CRTC 1 Horizontal Displayed = 8010 = [50] 

CTRC 2 Horizontal Sync Position = 9.5 usec. from end of line (standard) 

Hpos = (63.5 - 9.5) x 11.6666 MHz = 90 
7 

= [5A] 

CRTC 3 Sync Width (V /H) 

VSYNC (ideal) = 150 usec. = 150 = 3 lines 

63.5 

HSYNC (ideal) = 4.8 usec. = _ 4.8 x 11.6666 = 8 cells 

7 

CRTC4 

V/H Sync = [38] 

Vertical Total = 

(VTOT- 1) 

262% 

cell height 

510 = [19] 

= 262% = 26 

10 

CRTC 5 Vertical Adjust = 262% - (26 x 10) = 2% = 2 

= [02] 

CRTC 6 Vertical Displayed = 2410 = [18] 

CRTC 7 Vertical Sync Position = 972 usec. from end of the frame (ideal) 

Vpos = 16,667 - 972 X 26 

16,667 

= 24.5 

= 2410 = [18] 

CRTC 8 Mode Control = Non-Interlaced = [00] 

CRTC 9 Cell Height = (1 0 lines - 1) = [09] 

PROGRAM SUMMARY 

ADDRESS DATA ADDRESS 
(as shipped) (as shipped) 

9A F9 99 
98 OB 98 
98 00 99 
99 69 98 
98 01 99 
99 50 98 
98 02 99 
99 5A 98 
98 03 99 
99 38 98 
98 04 99 
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Step 3 
Some formats are not compatible with standard monitor timing. Most monitors will accommodate a variation of about 
±5% on the horizontal sync frequency. The vertical refresh rate should be kept very close to the power line frequency 
to avoid beat frequency interference on the screen. Some monitors will accept a wide variation in vertical sync 
frequency without distortion. 

If your monitor will not accommodate the desired format, the displayed format must be restricted. 

For example, in a 525 line/60 Hz North American system, it is impossible to accommodate 512 displayed lines out of 
525 total. Typically the displayed number of lines must be limited to 480, if standard sync signals are used. 

5.0 RGB-GRAPH 

The RGB-GRAPH is a pixel addressable graphics video controller. The board can be strapped to provide four different 
base formats: 

512V X 1024H 
512V X 512H 
256V X 512H 
256V X 256H 

Within each format, the actual display can be altered using a Zoom control. The Zoom factors available are: 

x1, x2, x4 - Vertical 
x1,x2,x3, x4,x5,x6, x7, x8 - Horizontal 

The RGB-GRAPH is designed to operate with a cell size of 8 pixels wide by 8 lines high and must be programmed 
this way. 

The CRTC on the graph board (Synertek) is used to control the sync signals and the zooming operation. 

The standard RGB-GRAPH board uses a 10.0000 MHz crystal. For higher frequency XTALs, contact the factory. 

In addition to the CRTC, the RGB-GRAPH has four control registers which must be initialized: 

CONTROL REGISTER 1 

7 6 5 4 3 2 1 0 BIT 

[ I I I I I I I J 
1 

CONTROL REGISTER 2 

7 6 5 4 3 2 1 0 BIT 

Blue Flood 

Video Enable 

Double Resolution 

OMA 

FGC 

FGS 

PRESET 
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CONTROL REGISTER 3 
7 6 5 4 3 2 1 0 BIT 

~ 
DON'T VENO 
CARE 

VEN 1 

VEN2 

VEN3 

CONTROL REGISTER 4 
7 6 5 4 3 2 1 0 BIT 

~ 
DON'T WEN O/CRTC SEL 
CARE 

WtN 1/ 

WEN2/ 

WEN3/ 

PROGRAM EXAMPLE 

The needed display format is 512 x 512 pixels, interlaced, on a standard European (312%)/(625) line, 50 Hz monitor. 
The RGB-GRAPH uses a Synertek CRTC. 

Step 1 

CTRL 1 0 0 1 0 0 0 0 0 = [20] 

= [3F] 

= [OF] 

= [00] 

CTRL 2 0 0 1 

CTRL 3 0 0 0 0 

CTRL 4 0 0 0 0 0 0 0 0 

CRTC 0 Horizontal Total = Horizontal Total Time x Dot Clock Frequency 

CRTC 1 

8010 

(HTOT-1) 

Cell Width 

= 64 x 10.000 = 80 

8 

= 50 

= [4F] 

Horizontal Displayed = 512 = 64 

8 

6410 = [40] 

CRTC 2 Horizontal Sync Position = 11.5 usec. from the end of the line (standard) 

6610 

CRTC 3 Sync Width (V /H) 

= (64-11.5)x10.000 = 66 

8 

= [42] 

Vertical Sync (ideal) = 192 usec. = 192 = 3 lines 
64 

Horizontal Sync (ideal) = 5.8 usec. = 5.8 x 10.000 = 7 cells 

8 

V/H Sync = [37] 
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CRTC 4 Vertical Total = 625 = 78 

8 

(VTOT - 1) = 7710 = [40] 

CRTC 5 Vertical Adjust = (625 - 1) - (78 x 8) = 0 

= [00] 

Note: The CRTC adds one line in the interlaced mode. 

CRTC 6 Vertical Displayed = 512 = 64 

8 

[40] 

CRTC 7 Vertical Sync Position = 1008 usec. from end of frame (ideal) 

= 20000- 1200 x 78 

20000 

[48] 

CRTC 8 Mode Control = Interlaced = [07] 

CRTC 9 Cell Height = 8 - 1 = [07] 

PROGRAM SUMMARY 

Step 2 

ADDRESS 
(as shipped) 

A6 
A6 
A7 
AB 
AA 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 

DATA 

20 
20 
3F 
OF 
00 
00 
4F 
01 
40 
02 
42 
03 
37 
04 
4D 
05 
00 
06 
40 
07 
48 
08 
07 
09 
07 

Some formats are not compatible with standard monitor timing. Most monitors will accommodate a variation of about 
±5% on the horizontal sync frequency. The vertical refresh rate should be kept very close to the power line frequency 
to avoid beat frequency interference on the screen. Some monitors will accept a wide variation in vertical sync 
frequency without distortion. 

If your monitor will not accommodate the desired format, the displayed format must be restricted. 

For example, in a 525 line/60 Hz North American system, it is impossible to accommodate 512 displayed lines out of 
525 total. Typically the displayed number of lines must be limited to 480, if standard sync signals are used. 

6.0 VAF-512 

The VAF-512 is a graphics support board. This board is designed to increase the performance of the RGB-GRAPH 
Qoard(s), (and the RGB-ALPHA board). 

The board consists of four principle circuits: a frame grabber, a hardware vector generator, a color look-up table, and 
three 8-bit DIA converters. 
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The frame grabber: digitizes monochrome video information from a camera or a similar source and loads it'into the dis­
play memory of one or two RGB-GRAPH boards. Once the digitized frame is in the RGB-GRAPH display memory, it can 
then be manipulated through software by the user. 

The hardware vector generator: allows straight lines (vectors) to be drawn in virtually any direction with less software 
overhead than would be required if each pixel in the line was plotted independantly. 

The color look-up table allows a palette of 256 colors to be chosen by software from a bank of 16 million colors. Pro­
grammable via software, the look-up table may be used to create animation without modifying the information stored in 
the RGB-GRAPH card(s). 

The VAF-512 is designed to operate with up to two RGB-GRAPH boards and one RGB-ALPHA board. 

Data is passed between the VAF-512 and the video controller cards on a well organized video bus that is implemented 
with a single 50 line ribbon cable. 

The VAF-512 board uses a 2.5830 MHz crystal for the American Standard, and a 2.5625 MHz crystal for the European 
Standard. 

The VAF-512 does not have a CRTC, and only the "Mode Register" has to be initialized for proper operation. It is also 
advisable to initialize the Color Look-up Table for ease of picture identification, a,lthough it will not hamper system 
operation. 

MODE REGISTER 

BITS 0AND1: 

BIT 2: 

BIT 3: 

BIT 4: 

BIT 6: 

BIT 7: 

x 

0 
I 

VIDEO VIDEO VIDEO 

------INT SYNC 

'-------BLKSYNC 

1 2 3 

..._ _______ OVERLAY ENABLE 

'"----------BLINK FREQUENCY 

'"-----------BLINK ENABLE 

AO AND A1. The user uses these two bits to enable one of the four video inputs to the Frame 
Grabber. 

INT SYNC. When a one is written to this bit, the Frame Grabber's PLL will use the on-board sync 
source. When a zero is written to this bit, the Frame Grabber's PLL will lock onto the sync in the 
video signal that the user supplies at the selected video input. 

BLK SYNC. When a one is written to this bit, the Frame Grabber's PLL is programmed to lock onto 
block sync. provided at the selected video input. When a zero is written to this bit, the Frame 
Grabber's PLL is programmed to lock onto serrated sync. (CCIR/EIA) provided by the on-board 
sync generator or by external source via the selected video input. 

OVERLAYEN: When a one is written to this bit, TTL video signals input via J2-38 through J2-41 are 
OR'D and gated onto look-up table address line A8. When a zero is written to this bit, A8 is 
pulled low. 

BLINK FREQ: When a one is written to this bit, the blink frequency is programmed to be 3.75 Hz. 
When a zero is written to this bit, the blink frequency is programmed to be 1.8 Hz. 

BLINKEN: When a 1 is written to this bit, the blink frequency is gated onto look-up table address line 
A9. When a zero is written to the bit A9 is pulled low. 

The VAF-512 will not operate without at least one properly initialized RGB-GRAPH connected to the video-bus. The rea­
son being that the VAF-512 requires the horizontal sync pulses generated by the RGB-GRAPH to lock its phase locked 
loop. 

7.0 RGB-ALPHA/RGB-GRAPH COMBINATION 

For applications requiring extensive graphics and alphanumerics, an RGB-ALPHA and an RGB-GRAPH can be com­
bined to produce an overlayed image. The RGB-ALPHA will provide the foreground color information for the characters 
and the RGB-GRAPH will provide the background color information. Variations of the above can be accomplished 
through straps on the RGB-ALPHA and software commands. A description is given in the Hardware Configuration sec­
tion. For further information, please contact the factory. The method used to synchronize the two boards is such that 
several programming restrictions must be observed in setting up the raster format. 

A·13 



The recommended method of putting together a two board system is to start off with two, one board systems. Try oper­
ating and programming each of the two boards in a stand-alone master mode. When you have become comfortable 
with the two cards on their own, then and only then should the two board system be constructed. Use a 10.0 MHz crys­
tal on the RGB-ALPHA board during the. preliminary testing to get a proper feeling for the resulting display, since the 
ALPHA card will be slaved to the 10.0 MHz crystal on the GRAPH card in a two board system also, the RGB-ALPHA 
SLAVE must use a Synertek CRTC instead of the Hitachi part. 

HARDWARE MODIFICATIONS 

All RGB-ALPHA boards, level 3 and higher, and all RGB-GRAPH boards level 4 and higher can be mated without any 
hardware modifications. 

Production Modification Bulletins (PMB's) have, in some cases, been implemented on lower level boards to provide full 
compatibility. Determine the modification level of your boards and consult the chart below: 

RGB-ALPHA RGB-GRAPH 
REVISION PMB INSTRUCTIONS REVISION PMB INSTRUCTIONS 

LEVEL LEVEL LEVEL LEVEL 
1 CONSULT FACTORY 1 CONSULT FACTORY 
1 A " " 1 A " " 
1 AB " " 1 AB " " 
1 ABC " " 1 " " 

2 CONSULT FACTORY 2 CONSULT FACTORY 
2 A " " 2 A " " 
2 AB " " 2 AB " " 
2 ABC " " 2 ABC " " 
2 ABCD " " 
2 ABC DE OK 

3 CONSULT FACTORY 
3 & UP OK 3 A " " 

3 AB " " 
3 ABC " " 

4 & UP OK 

HARDWARE CONFIGURATION 

1. Disconnect jumper 113-112 on the RGB-ALPHA (this disables the internal clock). 
Connect jumper 111-112 on the RGB-ALPHA (this enables the external clock). 

Note: in a combined ALPHA/GRAPH configuration, the ALPHA board receives a 10 MHz clock signal from the GRAPH 
board. Higher XTAL frequencies can not be selected. 

2. The graphics input to the RGB-ALPHA must be strapped to select the RGB-GRAPH signal as the background color. 
All straps are on the RGB-ALPHA board. 

67 

}' 
A73 

G 
70 

B 
68 

R 

69 

"'a1); b b 90b 86 YO GO 

} : . 
.. 

as); b b 82b 81 Yl Gl .. nJ b b soil. 76 Y2 B .. 75b b b 72b 71 Y3 R 
E 

+sv 

To select the "A" input on the A73 multiplexor circuit, pin 69 must be driven low (0 volts). This is accomplished by 
jumpering pin 69 to ground, or by jumpering pin 69 to one of pins 67, 70 or 68. 

In the latter case, one of the RGB-ALPHA background color attribute bits is used to select or deselect the graphics 
background for each alphanumeric character cell. 
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WIRE WIRE 
SOURCE WRAP EXAMPLE WRAP DESTINATION 

PINS STRAPS PINS 
RGB- J3 PIN 12 87 
GRAPH J3 PIN 13 88 

N #1 
J3PIN14 89 71 RED 

J3 PIN 15 90 

RGB- J3PIN16 85 
GRAPH J3 PIN 17 84 
#2 

J3 PIN 18 83 76 BLUE 

J3PIN19 82 

RGB- J3 PIN 20 77 
GRAPH J3 PIN 21 78 
#3 

J3 PIN 22 79 81 GREEN 1 

J3 PIN 23 80 
RGB- J3 PIN 24 75 
GRAPH J3 PIN 25 74 
#4 

J3 PIN 26 73 86 GREEN 0 

J3 PIN 27 72 

3. On the RGB-GRAPH board: 

a) pins 101-100 must be strapped in order to enable a proper external character clock sync signal 

b) pins 107-106 must be strapped in order to enable a proper vertical reset pulse. 

c) the video output signals must be strapped to the appropriate J3 lines in order to match the input strapping on the 
ALPHA board. 

TTL VIDEO PIN AS-SHIPPED PIN J3 PIN 
STRAPS 

112 12 

117 16 

0 123 122 20 

127 24 

111 13 

116 17 

1 118 121 21 

126 25 

110 14 

115 18 

2 113 120 22 

125 26 

109 15 

114 19 

3 108 119 23 

124 27 

Note: when using level three and higher ALPHA boards, strap the graphics output to pins 109, 110, 111 and 112. 

4. Couple the RGB-GRAPH board to the RGB-ALPHA board using a 50 pin ribbon cable from J3 to J3. The J3 headers 
are 3M connectors, part no. 3433-1202. The mating connector part number is 3425-7000. 

The graphics and alphanumerics video is mixed on the RGB-ALPHA, and the video output for both cards is taken from 
the RGB-ALPHA. The video socket on all current boards is a 10 pin AMP connector. The mating connector consists of 
a shell and ten terminals, the part numbers are as follows: 

Shell 
Terminal 

AMP 87922-1 
AMP 87667-2 

(1) 
(10) 

5. On level 4 and higher GRAPH boards, connect post 162 to 163. 
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PROGRAMMING CONSIDERATIONS 

When the RGB-GRAPH is used with the RGB-ALPHA, the ALPHA board is programmed to drive the monitor, but the 
GRAPH board is programmed somewhat differently in order to synchronize its output with that of the ALPHA. 

Restrictions 

1) Horizontal Total (pixels) must be the same on both the ALPHA and the GRAPH. 

2) Vertical Total (lines) must be the same on both the ALPHA and the GRAPH. 

3) Horizontal Displayed on ALPHA must be greater than or equal to that on GRAPH. 

4) In non-interlaced mode, the vertical adjust on the graph board must be even (i.e. = 0, 2, 4 or 6). 

Differences (RGB-GRAPH) Programming 

The RGB-GRAPH is programmed to generate a reset pulse for the CRT controllers once every frame. This pulse is posi­
tioned three cells from the end of the last line of video. The width and position of the reset pulse is determined by the 
horizontal and vertical sync information programmed into the GRAPH board. 

Horizontal sync 

Vertical sync 

PROGRAM EXAMPLE 

Position-+(Hrnr - 4) 
Width~1 cell 

Position--+VTOT (for Vadj > 2) 
VTOT - 1 (for Vadj < 2) 

Position-+(Vadj + 8) - 1 
Width---+Vadj - 1 (for Vadj > 2) 

(Vadj + 8) - 1 (for Vadj < 2) non-interlaced 
(Vadj + 4) - 1 (for Vadj < 2) interlaced 

The required display is 512 x 512 graphics with 25 rows x 80 columns alphanumerics (preferably using a 7 x 10 cell) on 
a standard North American monitor, 525 lines/60 Hz. 

Step 1 

Are the formats reasonable? 

a) Vertical - It will be difficult to display 512 lines vertically in a 525 line/60 Hz system. By increasing the horizontal 
sync frequency (less than 5%), some "extra" lines can be added but probably not enough for 512 visible. Considering 
that the desired alphanumeric format is 25 rows of characters, ten lines high, a total of 250 lines are required for al­
phanumerics. The entire system must be run interlaced in order to accommodate the graphics, but if the ALPHA is pro­
grammed for interlaced video and sync, the characters will occupy only the top half of the screen (250/525). It is more 
practical therefore to run the ALPHA board in interlaced sync only mode. In this mode, the number of lines doubles to 
500 which is very close to the graphics requirement. A standard monitor should be capable of accommodating 500 
displayed lines. 

b) Horizontal - The graphics requirement is for 512 pixels displayed. The alphanumeric requirement is for 80 x 7 = 560 
pixels. With a 10 MHz clock, 560 pixels translate into a displayed time of 56 usec. This is greater than the standard 
requirements (53.5 usec) and quite impractical, thus we must reduce the standard timing in order to display more hori­
zontal pixels. If the cell width is dropped to 6 x 10 and the number of columns is expanded to 85, the horizontal require­
ment becomes 85 x 6 = 510 pixels. This is slightly less than the 512 required by the graphics video, but very close. 

c) The Modified Format 

GRAPHICS - 504V x 512H 

ALPHA - 25 x 85, 6 x 10 pixel cell 

A-16 



Step2 

Calculate the horizontal total (in cells) for both boards, the vertical total (in cells) for both boards and the vertical ad­
just requirements. Modify them if required. 

Horizontal: 

Displayed Pixels = 64 x 8 = 512-51.2 usec. 

Blanked time required is 10.0 usec. 

Therefore the number of blanked pixels = 10 MHz x 10 usec. = 100 

100 is not divisible by 8, so choose the next highest value (even): 

14x8 = 112 

Therefore total pixels = 512 + 112 = 624 

Is 624 evenly divisible by 8 for the graph board? Yes -+.624 = 78 

8 

If it were not evenly divisible, one would choose the next highest value which is divisible. 

Horizontal Video Time = 624 = 62.4 usec. 

10 MHz 

Horizontal Frequency = = 16.026 KHz 
62.4 usec 

Verify that 16.026 is within the ± 5% tolerance of the video standard. 

Video Standard = 15.75 KHz 
Standard + 5% = 16.538 KHz 
Standard - 5% = 14.963 KHz 

Vertical: 

Number of raster lines at 60 Hz = 16.026 KHz x 2 = 534 
60 

Required vertical blanking /field is 1250 usec.-20 lines 

Therefore the number of displayed lines = 534 - (2 x 20) = 494 

If the monitor to be used is very critical about the vertical sync frequency, it would be necessary to modify either the 
horizontal or vertical display requirements, as not all the desired 500 lines can be displayed simultaneously. 

Number of raster lines = 500 + (2 x 20) = 540 

Vertical Sync Frequency = ___ 2 ___ = 59.4 Hz 

540 x 62.4 usec 

Vertical Total (GRAPH) = 540 = 67 + 4 (remainder) 

8 

Therefore the vertical adjust (GRAPH) = ~ = 2 

2 

Vertical Total (ALPHA) = 540 = 54 + O remainder (27 for interlaced sync only) 

10 

Therefore vertical adjust (ALPHA) = _Q_ = 0 

2 
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Step 3: 

Calculate the Control and CRTC register parameters for the RGB-ALPHA (Interlaced Sync Only): 

CTRL 1 1 1 1 1 1 0 1 

CTRL 2 0 0 0 0 1 0 1 

= [FB] 

= [OB] 

CRTC 0 Horizontal Total = 104 

HTOT- 1 = 103 

= [67] 

CRTC 1 Horizontal Display = 85 

= [55] 

CRTC 2 Horizontal Sync Position = (62.4 usec. - 9.5 usec.) x 10 MHz = 88.166 

= 88 

= [58] 

CRTC 3 Sync Width (V /H) 

Vertical Sync Width = 150 = 2.4 3 lines 

62.4 

Horizontal Sync Width = 4.8 x 1 O = 8 cells 

6 

V/H Sync Width = [38] 

CRTC 4 Vertical Total = 540 = 27 

10 x 2 

VTOT-1 = 26 

= [1A] 

CRTC 5 Vertical Adjust = 0 

= [00] 

CRTC 6 Vertical displayed = 50 = 25 

2 

= [19] 

6 

CRTC 7 Vertical Sync Position = 16,667 - 972 x 27 = 25.425 

16,667 

= 25 

= [19] 

CRTC 8 Control Mode = Interlace Sync Only = [01] 

CRTC 9 Cell Height = 10 lines - 1 = [09] 
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Step 4; 

Calculate the Control and CRTC register parameters for the RGB-GRAPH (Interlaced Sync and Video): 

CTRL 1 0 0 1 0 0 0 0 0 = [20] 

CTRL1 0 0 1 0 0 0 0 0 = [20] 

CTRL2 0 0 1 1 1 = [3F] 

CTRL3 0 0 0 0 1 = [OF] 

CTRL4 0 0 0 0 0 0 0 0 = [00] 

CRTC 0 Horizontal Total = 624 = 78 

8 

HTOT-1 = 77 

= [4D] 

CRTC 1 Horizontal Displayed = 512 = 64 

8 

= [40] 

CRTC 2 Horizontal Sync Position = HTOT - 4 = CRTC 0 - 3 

= [4A] 

CRTC 3 Sync Width (VI H) 

Vertical Sync Width = Vadj - 1 = 2 -1 = 1 

Horizontal Sync Width = 1 

V/H Sync Width= [11] 

CRTC 4 Vertical Total = 540 - 4 = 67 

8 

VTOT -1 = 66 

= [42] 

CRTC 5 Vertical Adjust = 2 

= [02] 

CRTC 6 Vertical Displayed = 500 

500 = 62.5 

8 

Therefore use 62 (496 lines) 

= [3E] 

CRTC 7 Vertical Sync Position = 67 

= [43] 

CRTC 8 Mode Control = Interlaced Sync and Video = [07] 

CRTC 9 Cell Height = 8 lines - 1 = [07] 
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PROGRAM SUMMARY 

RGB-ALPHA RGB-GRAPH (S) 

ADDRESS DATA ADDRESS DATA 
(as shipped) (as shipped) 

SA FB A6 20} Done 
9B OB A6 20 Twice 
98 00 A7 3F 
99 67 AB FF 
98 01 AA 00 
99 55 AC 00 
98 02 AE 40 
99 58 AC 01 
98 03 AE 40 
99 38 AC 02 
98 04 AE 4A 
99 1A AC 03 
98 05 AE 11 
99 00 AC 04 
98 06 AE 42 
99 19 AC 05 
98 07 AE 02 
99 19 AC 06 
98 08 AE 3E 
99 01 AC 07 
98 09 AE 43 
99 09 AC 08 

AE 07 
AC 09 
AE 07 

8.0 RGB-GRAPH/VAF-512 COMBINATION 

For applications requiring graphics with color look-up capability, hardware vector generator, and up to 8 bits per pixel, 
multiple RGB-GRAPH boards and a VAF-512 can be combined to produce an overlayed image. 

The method used to synchronize the two boards is such that several programming restrictions must be observed in 
setting up the raster format. 

HARDWARE MODIFICATIONS 

All RGB-GRAPH boards, level 4 and higher can be mated without any hardware modifications. 

Production modification bulletins (PMB's) have, in some cases, been implemented on lower level boards to provide full 
compatibility. Determine the modification level of your boards and consult the factory. 

on the RGB-GRAPH (Pseudo-Master): 

1. Disconnect jumper 97-98 on the graph to disable the internal clock since the VAF-512 board provides the external 
clock on Pin 2 of J3 connector. 

2. Pin i00-101 must be strapped in order to enable a proper external character clock SYNC signal. 

3. Pin 106-107 must be out, because the vertical reset pulse is provided by the real master (ie. VAF-512 board) on 
Pin 6 of J3 connector. 

4. Pin 136-137 must be strapped so that the VAF-512 will receive the HSYNC/ from the RGB-GRAPH, to lock its 
phased locked-loop. 

5. Pin 156-155 must be strapped to enable the XYCLK signal to provide the X, Y DEC, INC controls. 

6. Pin 73-72 must be strapped to enable the read access from all registers. 

7. For the Pseudo Master RGB-GRAPH, the data lines DATO - DAT3 are used so the following connections must be 
done: 

(Red) MOO Pin 20 - Pin 16 DATO 
(Blue) MD1 Pin 29 - Pin 15 DAT1 
(Green) MD2 Pin 18- Pin 14 DAT2 
(Overlay) MD3 Pin 17 - Pin 13 DAT3 
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The nibble selected must be completely within the low byte. 

Data port in low byte - 32-331N, 28-291N. 

8. Bits 0-3 of control registers 3 and 4 (A97 and A81) must be strapped to the same Multibus data lines used by bits 
0-3 of the data port. 

For low byte access, connect pin 159-160. 

REGISTER PIN AS-SHIPPED PIN BUS 
BIT STRAPS DATA BIT 

80 DATO 
VEN 0 96 91 DAT4 

and 
WENO 78 DAT8 

94 DAT 12 

81 DAT 1 
VEN 1 86 79 OATS 

and 
WEN1 90 DAT9 

93 DAT 13 

92 DAT 2 
VEN 2 85 87 DAT6 

and 
WEN2 83 DAT 10 

89 DAT 14 

82 DAT3 
VEN 3 95 77 DAT7 

and 
WEN3 84 DAT 11 

88 DAT 15 

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

9. For the Frame Grab, each of the RGB-GRAPH's bit planes can be strapped to any of the 8 data lines on the video 
bus (J3). For the Ps.eudo Master, do the following: 

BIT PLANE 0 Pin 151 to Pin 141 
1Pin150 to Pin 143 
2 Pin 149 to Pin 142 
3 Pin 148 to Pin 144 

10. The RGB-GRAPH's 4 TTL video signals can be strapped to any one of the 16 line& on the video bus. 

TTL VIDEO PIN AS-SHIPPED PIN J3 PIN 
STRAPS 

112 12 
117 16 

0 123 122 20 

127 24 

111 13 

116 17 
1 118 121 21 

126 25 

110 14 

115 18 

2 113 120 22 

125 26 

109 15 

114 19 

3 108 119 23 

124 27 
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11 . Bit Plane Control Straps 

The 4th output channel can be disconnected from the green and grey scale drivers and can be connected to over­
lay the other 3 video channels. The straps are as follows: 

OVERLAY 103-1041N, 102-1051N 
NO OVERLAY 102-1031N, 104-1051N 

Pin 162-163 must be left open if no RGB-ALPHA board is in the set-up. 

on the RGB-GRAPH (Slave): 

1. Disconnect jumper 97-98 on the graph to disable the internal clock, since the VAF-512 board provides the exter­
nal clock on Pin 2 of J3 connector. 

2. Pin 100-101 must be out, because the proper external character clock SYNC/ signal is provided by the 
RGB-GRAPH Pseudo Master on Pin 4 of J3 connector. 

3. Pin 106-107 must be out, because the vertical reset pulse is provided by the real master (i.e. VAF-512 board) on 
Pin 6 of J3 connector. 

4. Pin 136-137 must be out, because the Pseudo Master graph provides the HSYNC I. 

5. Pin 156-157 must be strapped. 

6. Pin 71-72 must be strapped to disable the read access from all registers except the data register. 

7. For the RGB-GRAPH Slave, we use the data lines DAT4-DAT7, so the following connections must be done. 

(Red) MOO Pin 20 to Pin 12 
(Blue) MD1 Pin 19 to Pin 11 
(Green) MD2 Pin 18 to Pin 10 
(Overlay) MD3 Pin 17 to Pin 9 

The nibble selected must be completely within the low byte. 

Data port in low byte 32-331N, 28-291N 

8. Bits 0-3 of control registers 3 and 4 (A81 and A97) must be strapped to the same Multibus data lines used by bits 
0-3 of the data port. 

For low byte access, pin 159-160 is connected. 

REGISTER PIN AS-SHIPPED PIN BUS 
BIT STRAPS DATA BIT 

80 DATO 
VENO 96 91 DAT4 and 
WENO 78 OATS 

94 DAT 12 

81 DAT 1 
VEN 1 86 79 DAT5 

and 
WEN 1 90 DAT9 

93 DAT 13 

92 DAT2 
VEN 2 85 87 DAT6 and 
WEN2 83 DAT 10 

89 DAT 14 

82 DAT3 
VEN3 95 77 DAT? 

and 
WEN3 84 DAT 11 

88 DAT 15 

*For high byte access 159-158 IN, 159-160 OUT, 159-161 OUT 
For low byte access strap 159-160 IN, 159-158 OUT, 159-161 OUT 
For word access strap 159-161 IN, 159-158 OUT, 159-160 OUT 
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9. For the Frame Grab, each of the RGB-GRAPH's bit planes can be strapped to any of the 8 data lines on the video 
bus (J3). For the RGB-GRAPH Slave the following pins are strapped: 

BIT PLANE 0 Pin 151 to 145 
1 Pin150to146 
2 Pin 149 to 140 
3 Pin 148 to 147 

10. The RGB-GRAPH's 4 TTL video signals can be strapped to any one of the 16 lines on the video bus. 

TTL VIDEO PIN AS-SHIPPED PIN J3 PIN 
STRAPS 

112 12 

117 16 

0 123 122 20 

127 24 
111 13 

116 17 
1 118 121 21 

126 25 

110 14 
115 18 

2 113 120 22 
125 26 

109 15 

114 19 

3 108 119 23 

124 27 

11. Pin 162-163 must be out. 

12. Couple the boards using a 50 pin ribbon cable to all J3 connectors. The J3 headers are 3M connectors, part no. 
3433-1202. The mating connector part number is 3425-7000. 

PROGRAMMING CONSIDERATIONS 

Restrictions 

1. In non-interlaced mode, the vertical adjust on the Graph board must be even (i.e. = 0, 2, 4 or 6). 

Differences (RGB-GRAPH) Programming 

The RGB-GRAPH is programmed to generate a reset pulse for the CRT controllers once every frame. This pulse is posi­
tioned three cells from the end of the last line of video. The width and position of the reset pulse is determined by the 
horizontal and vertical sync information programmed into the GRAPH board. 

Horizontal sync Position-->(HTOT - 4) 
Width---1 cell 

Vertical sync Position -vror (for Vadi > 2) 
VTOT- 1 (for Vadj < 2) 

Width--->Vadj - 1 (for Vadj > 2) 
(Vadj + 8) - 1 (for Vadj < 2) non-interlaced 
(Vadj + 4) - 1 (for Vadj < 2) interlaced 

PROGRAM EXAMPLE: 

The required display format is 512 x 512 graphics on a standard N. American monitor, 525 lines/60 Hz. 

NOTE: The VAF-512 can only work with a cell of 8 pixels horizontally. 
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Step 1 

Are the formats reasonable? 

a) Vertical: It will be difficult to display 512 lines vertically In a 525 line/60 Hz system. By increasing the horizontal sync 
frequency (less than 5%), some "extra" lines can be added but not enough for 512 visible. 

A standard monitor should be capable of accommodating 500 displayed lines. 

b) Horizontal: The graphics requirement is for 512 pixels displayed. 

c) Modified Format: 

Graphics - 504 V x 512 H 

Step 2 

Calculate the horizontal total (in cells) for both boards, the vertical total (in cells) for both boards and the vertical 
adjust requirements. Modify them if required. 

Horizontal: 

Displayed Pixels = 64 x 8 = 512-51.2 usec. 

Blanked time required is 10.0 usec. 

Therefore the number of blanked pixels = 10 MHz x 10 usec. = 100 

100 is not divisible by 8, so choose the next highest value (even): 

14x8 = 112 

Therefore total pixels = 512 + 112 = 624 

Is 624 evenly divisible by 8 for the graph board? Yes -+ 624. = 78 
8 

If it were not evenly divisible, one would choose the next highest value which is divisible. 

Horizontal Video Time = 624 = 62.4 usec. ---
10 MHz 

Horizontal Frequency = = 16.026 KHz 
62.4 usec 

Verify that 16.026 is within the ± 5% toierance of the video standard. 

Video Standard = 15.75 KHz 
Standard + 5% = 16.538 KHz 
Standard - 5% = 14.963 KHz 

Vertical: 

Number of raster lines at 60 Hz = 16.026 KHz x 2 = 534 
60 

Required vertical blanking/field Is 1250 usec.-+20 lines 

Therefore the number of displayed lines = 534 - (2 x 20) = 494 

If the monitor to be used Is very critical about the vertical sync frequency, it would be necessary to modify either the 
horizontal or vertical display requirements, as not all the desired 500 lines can be displayed simultaneously. 

Number of raster lines = 500 + (2 x 20) = 540 

Vertical Sync Frequency = 2 = 59.4 Hz 
540 x 62.4 usec 

Vertical Total = 540 = 67 + 4 (remainder) 
8 

Therefore the vertical adjust - i = 2 
2 
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Step 3; 

Calculate the Control and CRTC register parameters for the RGB-GRAPH (Interlaced Sync and Video): 

CTRL 1 

CTRL 1 

CTRL 2 

CTRL 3 

CTRL 4 

CRTCO 

CRTC 1 

CRTC 2 

CRTC3 

CRTC 4 

CRTC 5 

CRTC 6 

CRTC 7 

CRTC 8 

CRTC 9 

0 0 1 0 0 0 0 0 = [20] 

0 0 1 0 0 0 0 0 = [20] 

0 0 1 1 1 = [3F] 

0 0 0 0 1 = [FF] 

0 0 0 0 0 0 0 0 = [00] 

Horizontal Total = 624 = 78 
8 

HTOT- 1 = 77 

= [4D] 

Horizontal Displayed = 512 = 64 
8 

= [40] 

Horizontal Sync Position = Hrnr - 4 = CRTC 0 - 3 

= [4A] 

Sync Width (V /H) 

Vertical Sync Width = Vadj - 1 = 2 -1 = 1 

Horizontal Sync Width = 1 

V /H Sync Width = [11] 

Vertical Total = 540 - 4 = 67 
8 

VTOT - 1 = 66 

= [42] 

Vertical Adjust = 2 

= (02] 

Vertical Displayed = 500 

500 = 62.5 
8 

Therefore use 62 (496 lines) 

= [3E] 

Vertical Sync Position = 67 

= [43] 

Mode Control = Interlaced Sync and Video = [07] 

Cell Height = 8 lines - 1 = [07] 
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PROGRAM SUMMARY 

ADDRESS 
(as shipped) 

A6 
A6 
A7 
AB 
AA 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 
AC 
AE 

ADDRESS 
(as shipped) 

63 (Mode Register) 

RGB-GRAPH 

VAF-512 

9.0 RGB-ALPHA/RGB-GRAPH/VAF-512 COMBINATION 

DATA 

20 
20 
3F 
FF 
00 
00 
40 
01 
40 
02 
4A 
03 
11 
04 
42 
05 
02 
06 
3E 
07 
43 
08 
07 
09 
07 

DATA 

04 

For applications requiring extensive graphics and alphanumerics, an RGB-ALPHA, RGB-GRAPH and a VAF-512 can be 
combined to produce an overlayed image. 

The RGB-ALPHA will provide the foreground color information for the characters and the RGB-GRAPH will provide the 
background color information. The VAF-512 allows the RGB-ALPHA alphanumeric characters to be overlayed on the 
graphics display, and allows portions of the display to blink back and forth from one color to another. Also the 
RGB-ALPHA SLAVE must have a SYNERTEK CRTC instead of the HITACHI partthatis the standard part on the RGB-ALPHA. 

The method used to synchronize the two boards is such that several programming restrictions must be observed in 
setting up the raster format. 

HARDWARE MODIFICATIONS 

All RGB-ALPHA boards, level 3 and higher, and all RGB-GRAPH boards level 4 and higher can be mated without any 
hardware modifications. 

Production Modification Bulletins (PMB's) have, in some cas.es, been implemented on lower level boards to provide full 
compatibility. Determine the modification level of your boards and consult the chart below: 
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RGB-ALPHA RGB-GRAPH 
REVISION PMB INSTRUCTIONS REVISION PMB INSTRUCTIONS 

LEVEL LEVEL LEVEL LEVEL 
1 CONSULT FACTORY 1 CONSULT FACTORY 
1 A " " 1 A " " 
1 AB " " 1 AB .. .. 
1 ABC .. " 1 " " 

2 CONSULT FACTORY 2 CONSULT FACTORY 
2 A " " 2 A " " 
2 AB " " 2 AB " " 
2 ABC " " 2 ABC " " 
2 ABCD " " 

2 ABC DE OK 

3 CONSULT FACTORY 
3 & UP OK 3 A " " 

3 AB " " 

3 ABC " " 

4 & UP OK 

on the RGB-ALPHA 

1. Disconnect jumper 113-112 on the RGB-ALPHA to disable the internal clock, connect jumper 111-112 on the 
RGB-ALPHA to enable the external clock which is provided by the VAF-512 board. 

2. An external field SYNC is provided by the VAF-512 board on Pin 6 of J3 connector to reset the RGB-ALPHA CRTC. 

3. The external character clock SYNC signal and the CRTC reset/signal, which are provided by the RGB-GRAPH 
pseudo master are NANDed and put through a frequency divider in the RGB-ALPHA. 

4. The alpha board receives a 10 MHz clock signal from the graph board. Higher XTAL frequencies cannot be 
selected. 

5. The graphics input to the RGB-ALPHA must be strapped to select the RGB-GRAPH signal as background color. All 
straps are on the alpha board. 

67 

}a 
A73 

G 
70 

B 
68 

R 

69 

.. 
87 b ! ! 90b 86 YO GO 

} : . 
.. 

85b 6 6 s21 
81 Y1 G1 .. n/; 6 ! sol, 76 Y2 B .. 75b b b 72), 71 Y3 R 

+5v 

NOTE: On the RGB-ALPHA, level 3 and higher, these jumpers do not exist. The graphics input ( # 1) is tied directly to 
the "A" port on the multiplexor. To select the "A" input on the A73 multiplexor circuit, Pin 69 must be driven low 
(0 volts). This is accomplished by jumpering Pin 69 to ground, or by jumpering Pin 69 to one of the pins, 67, 70 or 68. 

In the latter case, one of the RGB-ALPHA background color attribute bits is used to select or deselect the graphics 
background for each alphanumeric character cell. 
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WIRE WIRE 
SOURCE WRAP EXAMPLE WRAP DESTINATION 

PINS STRAPS PINS 
RGB- J3 PIN 12 87 
GRAPH J3 PIN 13 88 

~ 
#1 

J3PIN14 89 71 RED 

J3PIN15 90 

RGB- J3PIN16 85 
GRAPH J3 PIN 17 84 
#2 

J3PIN18 83 76 BLUE 

J3PIN19 82 

RGB- J3 PIN 20 77 
GRAPH J3 PIN 21 78 
#3 

J3 PIN 22 79 81 GREEN 1 

J3 PIN 23 80 
RGB- J3 PIN 24 75 
GRAPH J3 PIN 25 74 
#4 

J3 PIN 26 73 86 GREEN 0 
J3 PIN 27 72 

on the RGB-GRAPH (Pseudo-Master): 

1. Disconnect jumper 97-98 on the graph to disable the internal clock since the VAF-512 board provides the external 
clock on Pin 2 of J3 connector. 

2. Pin 100-101 must be strapped in order to enable a proper external character clock SYNC signal. 

3. Pin 106-107 must be out, because the vertical reset pulse is provided by the real master (ie. VAF-512 board) on 
Pin 6 of J3 connector. 

4. Pin 136-137 must be strapped so that the VAF-512 will receive the HSYNC/ from the RGB-GRAPH, to lock its 
phased locked-loop. 

5. Pin 156-155 must be strapped to enable the XYCLK signal to provide the X, Y DEC, INC controls. 

6. Pin 73-72 must be strapped to enable the read access from all registers. 

7. For the Pseudo Master RGB-GRAPH, the data lines DATO - DAT3 are used so the following connections must be 
done: 

(Red) MDO Pin 20 - Pin 16 DATO 
(Blue) MD1 Pin 29 - Pin 15 DAT1 
(Green) MD2 Pin 18 - Pin 14 DAT2 
(Overlay) MD3 Pin 17 - Pin 13 DAT3 

The nibble selected must be completely within the low byte. 

Data port in low byte - 32-331N, 28-291N. 

8. Bits 0-3 of control registers 3 and 4 (A97 and A81) must be strapped to the same Multibus data lines used by bits 
0-3 of the data port. 

For low byte access, connect pin 159-160. 

Pin 162-163 must be left open if no RGB-ALPHA board is in the set-up. 
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REGISTER PIN AS-SHIPPED PIN BUS 
BIT STRAPS DATA BIT 

80 DATO 
VEN 0 96 91 DAT4 

and 
WEND 78 DAT8 

94 DAT 12 

81 DAT 1 
VEN 1 

86 79 DAT 5 and 
WEN 1 90 DAT 9 

93 DAT 13 

92 DAT 2 
VEN 2 85 87 DAT 6 

and 
WEN 2 83 DAT 10 

89 DAT 14 

82 DAT 3 
VEN 3 

95 77 DAT 7 
and 

WEN 3 84 DAT 11 

88 DAT 15 

''For high byte access 159-158 IN, 159-160 OUT, 159-161 OUT 
For low byte access strap 159-160 IN, 159-158 OUT, 159-161 OUT 
For word access strap 159-161IN,159-158 OUT, 159-160 OUT 

9. For the Frame Grab, each of the RGB-GRAPH's bit planes can be strapped to any of the 8 data lines on the video 
bus (J3). For the Pseudo Master, do the following: 

BIT PLANE 0 Pin 151 to Pin 141 
1 Pin 150 to Pin 143 
2 Pin 149 to Pin 142 
3 Pin 148 to Pin 144 

10. The RGB-GRAPH's 4 TTL video signals can be strapped to any one of the 16 lines on the video bus. 

TTL VIDEO PIN AS-SHIPPED PIN J3 PIN 
STRAPS 

112 12 

117 16 

0 123 122 20 

127 24 

111 13 

116 17 

1 118 121 21 

126 25 

110 14 

115 18 

2 113 120 22 

125 26 

109 15 

114 19 

3 108 119 23 

124 27 

11. Bit Plane Control Straps 

The 4th output channel can be disconnected from the green and grey scale drivers and can be connected to 
overlay the other 3 video channels. The straps are as follows: 

OVERLAY 103-1041N, 102-1051N 
NO OVERLAY 102-1031N, 104-1051N 

Pin 162-163 must be connected to provide a CRTC RESET I for the alpha board. 
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on the RGB-GRAPH (Slave): 

1. Disconnect jumper 97-98 on the graph to disable the internal clock, since the VAF-512 board provides the exter­
nal clock on Pin 2 of J3 connector. 

2. Pin 100-101 must be out, because the proper external character clock SYNC/ signal is provided by the 
RGB-GRAPH Pseudo Master on Pin 4 of J3 connector. 

3. Pin 106-107 must be out, because the vertical reset pulse is provided by the real master (i.e. VAF-512 board) on 
Pin 6 of J3 connector. 

4. Pin 136-137 must be out, because the Pseudo Master graph provides the HSYNC/. 

5. Pin 156-157 must be strapped. 

6. Pin 71-72 must be strapped to disable the read access from all registers except the data register. 

7. For the RGB-GRAPH Slave, we use the data lines DAT4-DAT7, so the following connections must be done. 

(Red) 
(Blue) 
(Green) 
(Overlay) 

MOO Pin 20 to Pin 12 
MD1 Pin 19 to Pin 11 
MD2 Pin 18 to Pin 10 
MD3 Pin 17 to Pin 9 

The nibble selected must be completely within the low byte. 

Data port in low bvte 32-331N, 28-291N 

8. Bits 0-3 of control registers 3 and 4 (A81 and A97) must be strapped to the same Multibus data lines used by bits 
0-3 of the data port. 

For low byte access, pin 159-160 is connected. 

REGISTER PIN AS-SHIPPED PIN BUS 
BIT STRAPS DATA BIT 

80 DAT 0 
VEN 0 96 91 DAT4 

and 
WENO 78 DAT 8 

94 DAT 12 

VEN 1 81 DAT 1 
and 86 79 DAT 5 

WEN 1 90 DAT9 

93 DAT 13 

92 DAT2 
VEN 2 85 87 DAT6 
and 

WEN 2 83 DAT 10 

89 DAT 14 

82 DAT 3 
VEN 3 95 77 DAT? 

and 
WEN3 84 DAT 11 

88 DAT 15 

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

9. For the Frame Grab, each of the RGB-GRAPH's bit planes can be strapped to any of the 8 data lines on the video 
bus (J3). For the RGB-GRAPH Slave the following pins are strapped: 

BIT PLANE 0 Pin 151to145 
1 Pin 150 to 146 
2Pin149to140 
3 Pin 148 to 147 

10. The RGB-GRAPH's 4 TTL video signals can be strapped to any one of the 16 lines on the video bus. 
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TTL VIDEO PIN AS-SHIPPED PIN J3 PIN 
STRAPS 

112 12 

117 16 
0 123 122 20 

127 24 

111 13 

116 17 

1 118 121 21 

126 25 

110 14 

115 18 
2 113 120 22 

125 26 

109 15 

114 19 

3 108 119 23 

124 27 

11. Pin 162-163 must be out. 

12. Couple the boards using a 50 pin ribbon cable to all J3 connectors. The J3 headers are 3M connectors, part no. 
3433-1202. The mating connector part number is 3425-7000. 

PROGRAMMING CONSIDERATIONS 

Restrictions 

1) Horizontal Total (pixels) must be the same on both the ALPHA and the GRAPH. 

2) Vertical Total (lines) must be the same on both the ALPHA and the GRAPH. 

3) Horizontal Displayed on ALPHA must be greater than or equal to that on GRAPH. 

4) In non-interlaced mode, the vertical adjust on the graph board must be even (i.e. = 0, 2, 4 or 6). 

Differences (RGB-GRAPH) Programming 

The RGB-GRAPH is programmed to generate a reset pulse for the CRT controllers once every frame. This pulse is posi­
tioned three cells from the end of the last line of video. The width and position of the reset pulse is determined by the 
horizontal and vertical sync information programmed into the GRAPH board. 

Horizontal sync 

Vertical sync 

Position-(HTOT - 4) 
Width------+ 1 cell 

Position-VTOT (for Vadj > 2) 
VTOT - 1 (for Vadj < 2) 

Width----->Vadj - 1 (for Vadj > 2) 
(Vadj + 8) - 1 (for Vadj < 2) non-interlaced 
(Vadj + 4) - 1 (for Vadj < 2) interlaced 
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VAF-512/RGB-GRAPH/RGB-GRAPH/RGB-ALPHA 

MASTER PSEUDO-MASTER SLAVE SLAVE 

VAF-512 RGB-GRAPH RGB-GRAPH RGB-ALPHA 

J2-2 

~ vco CLOCK CLOCK 

A 97 l 98 
199 971 

98 
199 l_ _f_ 

113 
..... J3-2 J3-2 J3-2 J3-2 J3-2 

1112 l l 111 

PHASE 
J2-8 r-at1 f-o 101 COMPARATOR 

...!... • J3-4. ;3-4 
~ 

• 
H.SYNC/ • J'100 J3-4 -;- j_100 J • 

1 ~ 
l 

J3-4 

1 I EXT. CCLK 
SYNC/ 

SYNC J3-8 136 'r-<> 106 f-o 106 

STRIPPER J2-6 c CRTC 
1107 

CRTC CRTC 
AND 1 FIELD 

137"1 
r07 

J3-6 
SEPARATOR RESET/ 13_6 1;7" J ... .l. J. J3-6 J3-6 _l _l J3-6 

J2-29-+36 !162 ! 162 

F.G. 163 J3-50 J3-50 ...n.16..3 J3-50 J3-50 
CRTC RESET I 

J2-12 ~ 280,--....0 030 28 0 0--.0 30 
29 29 

-13 GO 31 0 0~33 31 o~ 0 33 
-_M_ G1 32 32 
-15 G2 71 0 ........ 71 0-0 0 73 

VIDEO :16_ G3 12. 0 73 72 
PROCESSOR -17 G4 1550---0 0 157 -155 0 0...-..., 157 -.18""""i G5 156 156 

-19 G6 1580 
159---0 160 o 

1580-0 0 160 
-~8 G7 159 
~ AO 161 
-40 A1 f\.. 
-:41. A2 ' "'\A3 

J3-29 141 151 17 f\.. J3-33 145 151 17 
rb 0 ........... 013 '""'a 0,,--...0 9 

J3-30 143 150 18 I\. J3-34 146 ,--..,.150 ~ 10 """'o 6"\, 14 0 0 0 
142~49 R 15 J3-35 140 49 19 I\. J3-31 ,,--...J ci'o 11 

~ , , 0 0 0 

R G B 13-32 144,......:!48 ~ 16 J3-36 147 ,.........148 ~ 12 
0 0 0 0 0 0 

COMPOSITE 
J3-12 112 ........... 123 J3-16 117 VIDEO .......... 0 123 J3-38 RED 

GO 
/'" J3-13 

0 
/"J3-17 AO 

111 - 118 
116 
~ 118 J3-39 BLUE 

G1 v 0 
A1 ~3-40 J3-14 110 113 J3-18 115 

........... 0 113 GREEN ........... 0 
G2 

J3-15 109 ........... 108 J3-19 114 A2 
J3-41 i'o108 B.G. 

G3 
0 

A3 
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PROGRAM EXAMPLE: 

The required display format is 512 x 512 graphics and 25 rows x 70 columns alphanumerics, using a 8 x 10 cell, on a 
standard N. American monitor, 525 lines/60 Hz. 

NOTE: The VAF-512 can only work with a cell of 8 pixels horizontally. 

Step 1 

Are the formats reasonable? 

a) Vertical - It will be difficult to display 512 lines vertically in a 525 line/60 Hz system. By increasing the horizontal 
sync frequency (less than 5%), some "extra" lines can be added but probably not enough for 512 visible. Considering 
that the desired alphanumeric format is 25 rows of characters, ten lines high, a total of 250 lines are required for 
alphanumerics. The entire system must be run interlaced in order to accommodate the graphics, but if the ALPHA is 
programmed for interlaced video and sync, the characters will occupy only the top half of the screen (250/525). It is 
more practical therefore to run the ALPHA board in interlaced sync only mode. In this mode, the number of lines 
doubles to 500 which is very close to the graphics requirement. A standard monitor should be capable of accom­
modating 500 displayed lines. 

b) Horizontal: The graphics requirement is for 512 pixels displayed. The alphanumeric requirement is for 70 x 8 = 560 
pixels, but with a 10 MHz clock, 560 pixels translate into a displayed time of 56 micro-seconds. This is greater than the 
standard requirements (53.5 micro seconds) and quite impractical, thus we must reduce·the standard timing in order to 
display more horizontal pixels. Sice we cannot change the cell width, we have to reduce the number of columns to 64, 
the horizontal requirement becomes 8 x 64 = 512 pixels; exactly the same as the graph. 

c) Modified Format: 

Graphics - 504 V x 512 H 
Alpha - 25 x 64, 8 x 10 pixel cell 

Step 2 

Calculate the horizontal total (in cells) for both boards, the vertical total (in cells) for both boards and the vertical 
adjust requirements. Modify them if required. 

Horizontal: 

Displayed Pixels = 64 x 8 = 512 -->51.2 usec. 

Blanked time required is 10.0 usec. 

Therefore the number of blanked pixels = 10 MHz x 10 usec. 100 

100 is not divisible by 8, so choose the next highest value (even): 

14x8 = 112 

Therefore total pixels = 512 + 112 = 624 

Is 624 evenly divisible by 8 for the graph board? Yes - 624 = 78 

8 

If it were not evenly divisible, one would choose the next highest value which is divisible. 

Horizontal Video Time = 624 = 62.4 usec. 

10 MHz 

Horizontal Frequency = 16.026 KHz ----
62.4 usec 

Verify that 16.026 is within the ± 5% tolerance of the video standard. 

Video Standard = 15. 75 KHz 
Standard + 5% = 16.538 KHz 
Standard - 5% = 14.963 KHz 
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Vertical: 

Number of raster lines at 60 Hz = 16.026 KHz x 2 = 534 
60 

Required vertical blanking/field is 1250 usecc->20 lines 

Therefore the number of displayed lines = 534 - (2 x 20) = 494 

If the monitor to be used is very critical about the vertical sync frequency, it would be necessary to modify either the 
horizontal or vertical display requirements, as not all the desired 500 lines can be displayed simultaneously. 

Number of raster lines = 500 + (2 x 20) = 540 

Vertical Sync Frequency = 2 = 59.4 Hz 
------
540 x 62.4 usec 

Vertical Total = 540 = 67 + 4 (remainder) 

8 

Therefore the vertical adjust = _i = 2 

2 

Vertical Total (ALPHA) = 540 = 54 + 0 remainder (27 for interlaced sync only) 

10 

Therefore vertical adjust (ALPHA) = _Q_ = 0 

2 

Step 3: 

Calculate the Control and CRTC register parameters for the RGB-ALPHA (Interlaced Sync Only): 

CTRL 1 1 1 1 1 0 1 

CTRL 2 0 0 0 0 1 0 

= [F7] 

= [OB] 

CRTC 0 Horizontal Total = 624 = 78 

8 

HTOT-1 = 7710 

= [4E] 

CRTC 1 Horizontal Display = 6410 
= [40] 

CRTC 2 Horizontal Sync Position = (62.4 usec. - 9.5 usec.) x 10 MHz = 66.125 

= 6610 

= [42] 

CRTC 3 Sync Width (V /H) 

Vertical Sync Width = 150 = 2.4 3 lines 

62.4 

Horizontal Sync Width = 4.8 x 1 O = 6 cells 

8 

V /H Sync Width = [36] 

8 
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CRTC 4 Vertical Total = 540 = 27 

10 x 2 

VTOT -1 = 26 

= [1A] 

CRTC 5 Vertical Adjust = 0 

= [00] 

CRTC 6 Vertical displayed = 50 = 25 

2 

= [19] 

CRTC 7 Vertical Sync Position = 16,667 - 972 x 27 = 25.425 

16,667 

= 2510 

= [19] 

CRTC 8 Control Mode = Interlace Sync Only = [01] 

CRTC 9 Cell Height = 10 lines - 1 = [09] 

Step 4: 

Calculate the Control and CRTC register parameters for the RGB-GRAPH (Interlaced Sync and Video): 

CTRL 1 

CTRL1 

CTRL 2 

CTRL 3 

CTRL 4 

CRTC 0 

CRTC 1 

CRTC 2 

CRTC 3 

0 0 0 0 0 0 0 = [20] 

0 0 0 0 0 0 0 = [20] 

0 0 = [3F] 

1 1 = [FF] 

0 0 0 0 0 0 0 0 = [00] 

Horizontal Total = 624 = 78 -
8 

HTOT-1 = 77 

= [40] 

Horizontal Displayed = ~ = 64 

8 

= [40] 

Horizontal Sync Position = HTOT - 4 = CRTC 0 - 3 

= [4A] 

Sync Width (V /H) 

Vertical Sync Width = Vadj - 1 = 2 -1 = 1 

Horizontal Sync Width = 1 

V /H Sync Width = [11] 
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CRTC4 

CRTC5 

CRTC 6 

CRTC 7 

CRTC 8 

CRTC9 

Vertical Total = 540 - 4 = 67 

8 

VTOT-1 = 66 

= [42] 

Vertical Adjust = 2 

= [02] 

Vertical Displayed = 500 

500 = 62.5 

8 

Therefore use 62 (496 lines) 

= [3E] 

Vertical Sync Position = 67 

= [43] 

Mode Control = Interlaced Sync and Viedo = [07] 

Cell Height = 8 lines - 1 = [07] 

PROGRAM SUMMARY 

RGB-ALPHA 

ADDRESS DATA ADDRESS 
(as shipped) (as shipped) 

9A F7 A6 
9B OB A6 
98 00 A7 
99 4E AB 
98 01 AA 
99 40 AC 
98 02 AE 
99 42 AC 
98 03 AE 
99 36 AC 
98 04 AE 
99 1A AC 
98 05 AE 
99 00 AC 
98 06 AE 
99 19 AC 
98 07 AE 
99 19 AC 
98 08 AE 
99 01 AC 
98 09 AE 
99 09 AC 

AE 
AC 
AE 

RGB-GRAPH (S) 

DATA 

20} Done 
20 Twice 
3F 
FF 
00 
00 
4D 
01 
40 
02 
4A 
03 
11 
04 
42 
05 
02 
06 
3E 
07 
43 
08 
07 
09 
07 

Note: Both RGB-GRAPH boards will be programmed simultaneously, as the registers for both boards have the same 
addresses. 
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ADDRESS 
(as shipped) 

VAF-512 

63 (is using an RGB-ALPHA) 
63 (if no RGB-ALPHA is used) 

Floppy Disk Controller (register disable) 

ADDRESS 
(as shipped) 

86 

DATA 

80 

DATA 

14 (Mode Register) 
04 

This is to disable 7000 - ?FFF of the memory bank, because it is used by the RGB-ALPHA. 
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APPLICATION NOTE 

#2 

MAY 1983 

ENHANCED CHARACTER GRAPHICS ON THE RGB-ALPHA 

INTRODUCTION: 

Character graphics are generated by the same cards that generate the alphanumeric characters, therefore the graph­
ics resolution is equal to the alphanumerics capability of those cards. An alphanumeric card configured for a display 
format of 24 lines by 80 characters with an 8 x 10 character cell can display only 24 Vertical x 80 Horizontal Graphic 
Characters in an 8 x 10 cell. 

This Application Note discusses the doubling of the horizontal resolution of the graphic characters. Therefore, the 
same card discussed above becomes capable of displaying 24 Vertical x 160 Horizontal Graphic Characters. 

ARCHITECTURE 

Most of the programmable alphanumeric display cards manufactured by MATROX are capable of character graphics. 
The character generator on those cards can be replaced by a Tl 2516 EPROM, thus allowing users to design, burn and 
install their own custom character generators. By designing their own character generators, users can adapt the dis­
play card more towards their own needs of character graphics or even special alphanumerics. 

Some of the MATROX boards accept two 2516 EPROM's, one for the standard display set and the second for the alter­
nate set. The selection between one or the other can be done through the use of one of the attribute bits of the dis­
play. Such cards allow the user to install a standard character generator in one socket, and a special graphics set in 
the second socket. One of those cards is the RGB-ALPHA. 

By installing Bytewide Ram memory chips in place of one or both of the character generators on the RGB-ALPHA, the 
character generators can be down-loaded onto the card from the system microcomputer. This allows users to change 
the character font of both the graphic and the alphanumeric characters to meet the need for the different display 
requirements. In process control, as an example, different fonts can be used for normal condition displays as compared 
to displays of emergency situations. 

OVERVIEW 

The RGB-ALPHA has programmable formats, i.e.: the display formats can be changed by software commands (certain 
formats also require that the crystal be changed for an acceptable display on the screen). As with the display formats, 
the character cell can also be controlled through software. 

To double the horizontal resolution, two alternatives are available. The first is to use a format of double the characters 
that are needed for' alphanumerics. The second is to use half of the number of dots per cell, while doubling the number 
of cells per alphanumeric character. Investigating the first alternative, we find the following: It was already mentioned 
above that in character graphics the number of alphanumeric characters is the same as the number of graphic charac­
ters. Therefore, this is not a usable alternative since it requires modifying the original specification of the alphanumeric 
display. Furthermore, by using the example mentioned, we find that 160 (number of characters) x 8 (horizontal pixels 
per cell) = 1280 pixels to be displayed per horizontal line. To accomodate 1280 pixels horizontally, not only a high reso­
lution and wide bandwidth monitor is required, but also a very fast alphanumeric video controller. 

The second alternative functions as follows: If the number of pixels per cell is divided by 2 for the graphics display, then 
we effectively have 160 graphic characters horizontally, each in a 4 x 10 cell (see figure 1 ). If at the same time, an 
alphanumeric character generator is devised that requires two adjacent cells to form a full alphanumeric character, 
then the alphanumerics will remain 80 characters in an 8 x 10 cell (see figure 2). 

Each character generator normally used on the MATROX alphanumeric cards holds 128 characters in an 8 x 10 cell. In 
the case discussed above, since two cells are used per alphanumeric character, then all 64 upper and lower case 
characters fit in one character generator. 

HARDWARE MODIFICATIONS 

In order to accomplish the above, the standard RGB-ALPHA has to be modified as follows:-

1. The crystal frequency is to be increased to 13.3333 MHz from 11.6666 MHz to allow displaying the full required 
screen. 

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

Figure 1. 4 x 1 O dot character set 

2. The RAM chips are changed to 100 nsec. access time (Intel P2114AL-1) instead of the standard 150 nsec. access 
time. 

3. The character generators are changed to bipolar ROM's with average access time of 70 nsec. (Raytheon R29681DC 
or Harris HM-76161) instead of 2516's with access time of 350nsec. 

4. Exchange pins 19 and 21 of the character generator, i.e.: the trace arriving at pin 19 of the character generator is 
disconnected and connected instead to pin 21 of the same chip, at the same time the trace going to pin 21 of the 
character generator is disconnected and connected to pin 19 instead. 

5. Disconnect A81 pin 2 from A68 pin 13 and reconnect A81 pin 2 to A68 pin 14. 

6. Disconnect wire-wrap pin 98 from 105 and strap pin 98 to pin 59. This will allow the use of 03 of the attributes byte 
to select one of the two character generators. The attribute register bit assignment (attribute byte) becomes as 
follows: 

bit 0 
bit 1 
bit 2 
bit 3 

bit 4 
bit 5 
bit 6 
bit 7 

Foreground Green 
Foreground Blue 
Foreground Red 
Character Generator Select 

Background Green 
Background Blue 
Background Red 
Background Blink 

CONCLUSION: 

1 =on, O =off 
1 =on, o =off 
1 =on, 0 =off 
1 = character set 
O =graph set 
1 =on, O=off 
1 =on, O=off 
1 =on, O =off 
1 =on, O =off 

By modifying the RGB-ALPHA to run a 4 x 10 character cell, and installing two specially designed character gener­
ators, the charcter graphics capability of this card can be enhanced. Using a smaller character cell for the graphics 
allows the user to display finer graphics lines without sacrificing any of the requirements of the system . 

••• • • :• + • ••• 

•• •• • •• 
·:··· • • :··· .: .. · 

Figure 2. Combining two consecutive 4 x 10 dot cells to form an 8 x 1 O dot character 
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APPLICATION NOTE 

#3 

MAY 1983 

USING RAM CHARACTER GENERATORS ON THE RGB-ALPHA 

INTRODUCTION 

The RGB-ALPHA is a color alphanumeric video board that has software programmable formats. It also has two sockets 
that can accomodate a 2516 EPROM each, with each EPROM holding the code for 128 characters in an 8 x 16 cell, for 
a total of 256 characters. 

The EPROM chips can be replaced by byte-wide RAM chips, which can be programmed through the bus. Thus the user 
can download his characters or modify them at any time. 

This application note supplies the information needed to design a character generator, and the way these RAM charac­
ter generators can be downloaded from the bus under program control. 

CHARACTER GENERATOR ARCHITECTURE 

The character generator is loaded into a 2716 which is an EPROM of 2K x 8 bits. The characters are formed in a cell of 
8 x 16 pixels with each half (i.e. 8 x 8 pixels) loaded into 1 K of the EPROM. Every bit is equivalent to one pixel on the 
screen. A bit that is reset to zero is an OFF pixel, while a bit set to one is an ON pixel, as shown in figure 1. 

Each byte on the EPROM holds the 8 bits for each row of a character, and 8 consecutive bytes hold 8 rows of a charac­
ter. The byte at address 0 holds the 8 pixels of row 0 of character 0, while address 1 holds the 8 pixels for row 1 of char­
acter 0, and so on. Address 8 holds the 8 pixels of row 0 of character 1, ....... , and address 1023 holds the 8 pixels of 
row 7 of the 127th character. Address 1024 holds the 8 pixels of row 8 of character 0, address 1025 holds the 8 pixels 
of row 9 of character 0, and so on. Address 1031 holds the 8 pixels of row 7 of character 1, ...... ., and address 2047 hold 
the 8 pixels of row 15 of character 127. 

In cases where the cell that is used is an 8 x 8 cell per character, rather than the standard 8 x 16 cell, each character 
generator can be made to hold 256 characters by using each half of the character generator for a different character 
and by configuring the straps for the character generator as shown in table 5.12 in section 5 or the RGB-ALPHA manual. 

If the character cell is less than 8 pixels horizontally, then the character generator should be programmed for such a 
cell. If not, the character will be cut off on its left side by the difference between the programmed cell and what the 

i I I 
I I • • I ... I • • • r I 

I I I I I ,- - - - - - - - - -
! II #$ t:: Sc ' ( ) * + - / 

J 

0 1 2 3 4 5 6 7 8 9 : j < = > ? 

@ A B c D E F G H I J K L M N 0 

p Q R s T u u w x y z [ ' ] " -
' a b c d e f g h i J k I.. m n 0 

p q r s t u v w x y z { I ) ,,., • I 

Figure 1. MCH-01 character generator for the RGB-ALPHA 

MATROX products covered by Canadian and foreign patent and/or patent pending. 
A-41 

AP-E03·01 



RGB-ALPHA is programmed to display. Also, the character should always have at least one pixel less both vertically 
and horizontally than the actual display cell to allow for one blank pixel between characters (i.e. a cell of 8 x 10 should 
have a maximum character size of 7 x 9). 

OVERVIEW 
As mentioned earlier, each RGB-ALPHA board has two sockets for two character generators that are usually loaded 
with 2716 EPROM chips or their equivalent byte-wide RAM chips (4016 or MK4802P-1). The RGB-ALPHA has provi­
sions to access these two RAM character generators, as RAM, off the bus through I /0 control. 

Normally the RGB-ALPHA acts like 4K bytes of RAM on the Multibus (in the Auto-Attribute mode) or BK bytes of RAM 
in the Unified Memory mode. Memory access is completely controlled by bit 3 of Control Register 2 which, in turn, is 
controlled by 1/0 commands. Thus the memory space can be shared between any boards having a different 1/0 
address. 

When the RAM character generators are connected to the bus, they act like 4K bytes of RAM with address 0 of charac­
ter generator 0 equal to the memory base address of the board. Address 1 is equal to the base address plus 1, and so 
on. Address 0 of character generator 1 is equal to the memory base address plus 2048. 

CONCLUSION: 
Using an RGB-ALPHA, the user can design different character generators and can load them in his system memory. 
These character generators can then be called as needed and loaded, under software control, into the RAM character 
generators on the board to allow changes of fonts or alphagraphic characters as for process control applications. 
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APPLICATION NOTE 

#4 

GENERATING MUIJIPLE MONOCHROME GRAPHIC DISPLAYS WITH ONE RGB-GRAPH 

INTRODUCTION 

The RGB-GRAPH is a dot addressable video graphics board that has software programmable formats. It is available in 
two memory sizes, and for two buses, the Multibus and the LSl-11 bus (Q-bus). For the Multibus, the RGB-Gl1614 has 
a maximum format of 256 x 256 x 4, while the RGB-G 16414 has a maximum format of 512 x 512 x 4. For the Q-bus, only 
the QRGB-G 16414 is available with a maximum resolution of 512 x 512 x 4. 

This application note discusses the hardware modifications required to generate either two 2 bit outputs, or four 1 bit 
graphic displays from one RGB-GRAPHlxxl4 board. 

ARCHITECTURE 

The memory of the RGB-GRAPH boards mentioned above is divided into 4 independent bit planes. Each bit plane 
stores one bit for each pixel of the display, for a total of 4 bits per pixel. Four bits per pixel allow for the display of 16 
gray levels on a monochrome monitor, or 16 colors on a color monitor. Each RGB-GRAPH board supplies four TTL 
level outputs of video, one output per plane, and 4 analog outputs, one output per primary color and one for gray 
scale. 

The gray scale output is a 4 bit Digital to Analog (DI A) converter which combines the 4 bit planes into one composite 
gray scale signal for monochrome displays. The color outputs consist of two 1 bit DI A converters that supply the Red 
and Blue analog outputs, and a 2 bit DI A converter that supplies the Green output. 

OVERVIEW 

Each memory plane is independent from the other planes in so far as memory read, write, preset and output circuits. It 
can be wire-wrapped to any one of the Data bits on the bus. It can, also, be preset to one or zero independent of the 
other planes, and they are all clocked to the output in parallel, interconnecting only at the DI A converters. The mem­
ory planes share the zoom, pan, scroll, memory refresh and output control circuitry. 

Therefore, the RGB-GRAPH outputs can be easily reconfigured to two independent 512 x 512 x 2 displays, or four 
512 x 512 x 1 displays. All of that by changing the already existing four DIA converters into four 1 bit DIA converters 
(Fig. 1a), or into two 2 bit DIA converters (Fig. 1b). A four bit DIA is shown in figure 1c. 

•sv 

•sv 

VIDEO 
OUT 

C SYNC 

D3 
75.n. 

'>--N"--- VIDEO 

I BIT D TO A Cal D2 
OUT 

Do 

33K 
Do CSvNC 

3.3K 

4 BIT D TO A (cl 
2. 7K 

Do 
751\ 

VIDEO 
OUT 5.6K 

Do 

2. BIT D TO A (b) 

Figure 1. RGB-GRAPH D/ A converters: a) 1 bit/pixel, b) 2 bits/pixel, c) 4 bits/pixel 

OCTOBER 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. 
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HARDWARE MODIFICATIONS 

A) Modifying the RGB-GRAPH for two 2 bit outputs (Fig. 2): 

1 - Remove Q5, Q6, R37, R38, R39, and R40 from the board. 
2 - Insert in the position of R38 a 27 K resistor, and in the position of R39 a 5.6 K resistor. 

I~ 
A90 

12 

16 
•sv 

~ "' "' ~ 

"' ,.; "' "' 
04 

R39 RI 8 

}' 
'" 75A R39 5.6K "' "' 

R38 

R38 2.7K 

Figure 2. Modifying the RGB-GRAPH for two 2 bit DACs 

With the above modifications completed, J1 pin 1 becomes the first 2 bit output, while J1 pin 5 becomes the second 
2 bit output. Memory data bits 0 and 1 are the LSB and MSB, respectively, of the first output, while bits 2 and 3 are the 
LSB and MSB, respectively, of the second output. 

B) Modifying the RGB-GRAPH for four 1 bit outputs (Fig. 3): 

1 - Remove R28, R37, R38, R39, R40 and R41. 
2 - Insert in the positions of R28 and R37 1.8 K resistors. 

100pr +sv 

I 

88 
C SYNC RSO 

C82 

'80 Ql R49 

100 

89 

Figure 3. Modifying the RGB-GRAPH for four 1 bit DACs 

With the above modifications completed, then each of the pins 1, 3, 5 and 7 of J1 becomes a composite black and 
white video output. 

CONCLUSION 

By simple modifications on the standard RGB/QRGB-GRAPH/xx/4 board, each board can generate either two 2 bits, 
or four 1 bit independent displays. Thus one board becomes capable of multiple monochrome graphic displays saving 
space and hardware for systems designers. 
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APPLICATION NOTE 

#5 

SEGMENTING THE RGB-GRAPH MEMORY FOR FASTER ACCESS 

INTRODUCTION 

The RGB-GRAPH is a dot addressable video graphics controller board, that in its color version has four bits per pixel, 
i.e.: four independent memory planes. When the four bits of color information are written into the memory, only one bit 
is loaded into each memory plane. 

This application note discusses the hardware modifications required to allow the user to write four bits directly on each 
plane, instead of one bit at a time. 

ARCHITECTURE 

The memory of the color RGB-GRAPH is divided into four independent memory planes, and each memory plane nor­
mally ties to one data bit on the Data Bus. The interconnection of the memory planes to the Data Bus is done through 
wire-wrap posts, data buffers, multiplexers, and control logic. The wire-wrap posts allow the user to tie each memory 
plane to any one of the 16 data bits on the Data Bus. The data buffers isolate the Data Bus from the card, while the mul­
tiplexers do the selection between memory refresh data and input or output data. The control logic usually enables 
only one bit at a time on each memory plane to be written into or read from. 

The memory planes on the standard RGB-GRAPH are divided as follows: Plane 0 is RED, Plane 1 is BLUE, Plane 2 is 
LIGHT GREEN, and Plane 3 is DARK GREEN. Therefore, by writting one bit in each plane simultenously, any color out 
of the 16 possible is assigned to that pixel. 

OVERVIEW 

To allow the user to write four consecutive bits on each plane, at a time, the multiplexer circuitry and the control logic 
have to be changed, so as to enable four bits of memory on each plane with only one plane enabled at a time. 

The control logic consists of two bipolar prom chips A44 and A67, MATROX part number: 033-00. These two prom 
chips decode XO and X1 of the X Register into 4 enable signals, one for each memory plane. The data multiplexers are 
A16, A20, A82 and A86. These multiplexers arbitrate between the data from the Data Register and the Refresh Data 
that is supplied to the memory chips during the refresh cycle. (see sheet 3 of 5 of the RGB-GRAPH schematic diagrams). 

The required modification to the control logic is simply changing the program of the two prom chips, so that 4 enable 
signals are supplied as before, except this time to only one memory plane at a time. XO and X1 of the X Register will 
now decode into which plane the four bits are going to be written into, as follows: 

XO 
0 
0 

X1 PLANE 
0 0 
1 1 

XO X1 PLANE 
0 2 
1 3 

On the standard RGB-GRAPH, each one of the four data buffers connects to only one bit out of the four input data 
bits, thus only one bit can be written in each plane at a time. To allow the user to write four consecutive bits in each 
plane, in one operation, all four input data bits have to be connected to each one of the four data buffers. 

OCTOBER 1982 MATROX products covered by Canadian and foreign patent and/or patent pending. 
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HARDWARE MODIFICATIONS 

1 - Cut the traces connecting between pins 3, 6, 11, and 14 of A16, A20, A82, and A86. 

2 - Cut the traces connecting to pins 6 and 11 of A16. Reconnect the two traces together and connect them, also, to 
pin 11 of A16. 

3 - Cut the trace connecting to pins 11 and 14 of A20, and connect it only to pin 14 of A20. 

4 - Cut the trace connecting to pin 6 of A82, also cut the trace connecting to pins 11 and 14 of A82. Reconnect the 
two traces together and connect them, also, to pin 3 of A82. 

5 - Cut the trace connecting to pins 11 and 14 of A86, and connect it to pin 6 instead. 

6 - Connect pins 3 of A16, A20, A82, and A86 together. 

7 - Connect pins 6 of A16, A20, A82, and A86 together. 

8 - Connect pins 11 of A 16, A20, A82, and A86 together. 

9 - Connect pins 14 of A16, A20, A82, and A86 together. 

10 - Remove the two prom chips 033-00 (A44 & 67) from the board and replace them with prom chips part number 
0120-00. 

Figure 1. Modified RGB-GRAPH for segmented memory 

CONCLUSION 

A/6 
74LS399~-+-<--t 

By modifying the RGB-GRAPH to allow the user to write four bits at a time into each memory plane, the user can do 
high speed B/W animations by high speed writting into one plane while displaying another. It could also be useful in 
applications where one RGB-GRAPH is used for four independent graphic displays or special alphanumerics like 
Japanese or Chinese alphanumeric terminals. 

(See Application Note #4 for information on how to reconfigure the output DIA converters for four independent B/W 
displays). 

NOTE 

The hardware changes described in this Application Note will only modify the method of writing into the RGB-GRAPH 
memory. All other functions like memory read, video enables and plane memory enables remain the same as on a 
regular RGB-GRAPH. An RGB-GRAPH modified as above will not function with a VAF-512 Frame Grabber boafd. 
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MAY 1983 

BASICS OF RASTER SCAN VIDEO DISPLAYS 

INTRODUCTION 

All the video boards manufactured by Matrox, whether they are for alphanumeric or graphic displays, are designed for 
raster scan type video monitors. 

This application note explains the terms, rules & regulations of raster scan displays. 

BASICS of RASTER SCAN DISPLAYS 

Raster Scan video systems typically use a Cathode Ray Tube (CRT) as the display device. The inside of the display sur­
face of the CRT is coated with phosphor, which, when bombarded with electrons, emits light. The type of phosphor 
used determines both the color of the light and the duration of the emission (persistence). 

In raster systems, the electron beam(s) is cyclically swept across the face of the CRT, from left to right, top to bottom. 
Each pixel is lit once for every full sweep of the electron beam, therefore the cycle time and the persistance of the phos­
phor must be matched so that the image traced by the raster appears stable. If the persistance of the screen is not 
long enough to keep the pixel illuminated between sweeps of the electron beam, then the pixel will flicker on and off. 

______ ...,._ 

- -~ Display 

i-....- - ~ - - - - - - - - - - - - - - ---
__ ..., ___ Horizontal Retrace 

'--=.- - ~ - - - - - - - - - - -- --- Vertical Retrace 

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

.3.- - -- - _ ____, 

Figure 1. Raster scan principle (non-interlaced video) 

At the end of each horizontal line, a sync pulse is generated to reset the electron beam to the left side of the display. 
This is the horizontal sync pulse. During the horizontal sync pulse the electron beam returns (retraces) to the left of the 
screen, to start the next line, diagonally across the screen. In order to prevent the retrace from affecting the display, 
the electron beam is shut off or "blanked" during this interval. This is the horizontal blanking period. 

Lines of video are generated in this fashion until the electron beam reaches the bottom of the display. A vertical sync 
pulse is supplied to reposition the beam to the top of the screen and a vertical blanking period is used to "blank" the 
video during the vertical retrace period. 

That portion of the raster that includes one full sweep of the screen from top to bottom is called a "field" of video. The 
generation of a full image on the screen is called a "frame". 

Two conventions exist for generating complete rasters: a non-interlaced raster is one in which the frame rate is equal 
to the field rate (i.e. one field per frame); an interlaced raster is one in which the frame rate is half of the field rate (i.e. 
two fields per frame). In an interlaced raster system, two consecutive fields (odd and even) are vertically offset such 
that the lines of the odd field fill in between the lines of the even field. In non-interlaced display systems each pixel on 
the screen is refreshed once every 1 /60th of a second. That requires a shorter persistance phosphor, but the monitor 
bandwidth will be higher since the screen image has to be updated 60 times per second. On the other hand, interlaced 
display systems refresh each pixel once every 1 /30th of a second, since each frame consists of two fields. By dropping 
the display update rate, the monitor bandwidth is halved, but the screen phosphor must have a longer persistance, 
since the time between updates is doubled. See figure 2. 

MATROX products covered by Canadian and foreign patent and/or patent pending. AP-E0&-01 
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Figure 2. Interlaced video 

The image itself is generated by modulating the electron current arriving at the display surface of the CRT, as the beam 
is sweeping across the screen during the display part. Therefore, a signal has to be supplied to the monitor for every 
pixel (picture element or dot) to be displayed on the screen. This signal includes the information for the intensity of the 
pixel at every displayed location on the screen. 

COLOR RASTER SCAN DISPLAY GENERATION 

The generation of color displays is accomplished by mixing the three primary colors: Red, Green, and Blue (hence the 
term "RGB" was coined by the industry for color displays). Color mixing is accomplished by essentially combining 
three monitors in one package. RGB monitors have a display surface coated with three types of phosphor, each emit­
ting one of the primary colors, and three electron guns, each bombarding one of the primary color phosphors. 

All three electron guns scan the display screen at the same time driven by the same timing generation circuitry. Each 
gun must be presented with its own modulating signal to decide the intensity of each primary color at that pixel location. 

The generation of hues other than the primary colors is accomplished by illuminating more than one primary color 
phosphor, simultanuously at the same pixel location. The small size of the illuminated area has an additive effect to the 
color perceived by the human eye, so that an unlimited multitude of colors besides the three primary ones can be 
generated on certain monitors. 

RASTER SCAN VIDEO SIGNALS 

The video signals, supplied to the monitors for display, must include the video information plus the required synchro­
nization pulses (H and V sync) to keep the scanning circuitry of the monitor locked to the video signal. Video informa­
tion can be presented to the monitor in logic form (TTL levels) or analog form, depending on the monitor used. 
Monochrome TTL input monitors can only display two distinct colors: Black and White (the pixel can either be off or 
on). The number of different colors generated on a TTL color monitor is limited to eight due to the on-off nature of the 
TTL signal (i.e.: three guns, each with two active states = 23 = 8). Analog monitors on the other hand can generate 
an almost unlimited number of colors because of the virtually infinite range between "full-off" to "full-on" inherent in 
analog signals. The number of displayed colors in such a monitor is limited only by the quality of the generated video 
signal (usually expressed in bits/pixel). 

The principal standards, governing both standard television broadcast and local graphic and alphanumeric display gen­
eration, were established by the Electronic Industries Association (EIA). Those standards apply to both monochrome 
and color displays. 

The following is a description of the standards and accepted norms governing video signals. 

1-EIA RS-170A TENTATIVE STANDARD 

This standard calls for a composite video signal in which the display signal and the synchronization pulses are com­
bined together and supplied to the monitor as one signal. The composite video signal shall not exceed 2Vp-p in an 
open circuit, while the short circuit current shall not exceed 2mA. The load impedance of the source shall have a value 
of 75 Ohm ± 5%, while the internal impedance of the.source shall be 75 Ohm ± 10%. 

The RS-170A standard also specifies that the display signal, as measured across a standard load impedance of the 
source, shall be 1.0 ± 0.05Vp-p, and the synchronizing signal shall be 40 ± 5% of the display signal. Refer to figure 3. 

This standard shall be used for display resolutions with a minimum of 350 scan lines in the vertical direction and 400 
pixels in the horizontal direction, both measurements to be made near the centre of the display. The display shall have 
an aspect ratio, which is the ratio of the frame width to the frame height, of 4:3. 
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NOTES 

1. SPECIFICATIONS APPLY TO STUDIO FACILITIES. COMMON CARRER, STUJIO 
TO TRANSMITTER ANO TRANSMITTER CHARACTERISTICS ARE NOT 
INCLU0£0. 

2. ALL TOLERANCES ANO LIMITS SI-OWN IN THIS ORAWNG PERMISSIBLE 
ONLY FOR LONG TIME VARIATIONS. 

3. THE BURST FREQUENCY SHALL BE 3.579545 MHz •ID Hz. 

4. THE HORIZONTAL SCANNING FREQl£NCY SHALL Bf 21455 TM:S TI£ 
BURST FREQUENCY (ONE SCAN PERIOD lH) : 63.556 uSEC l. 

5. THE VERTICAL SCAfHNG FREQl.£NCY SHALL 8E 2/525 -a.ES n£ 
HORIZONTAL SCANNING FREQUENCY [ONE SCAN PERIOD (VJ: 16.683 uSECJ • 

6. START OF COLOR FIELDS I AND m IS OEFNl> BY A WHOLE lJE 
BETWEEN THE FIRST EQUALIZING PU..SE ANO TI£ PRECEDING H 
SYNC PULSE. START Of COL.DR FELOS n ANO nr IS DEFIED BY A 
HALF LINE BETWEEN Tl£ FIRST EQUAUZWG PULSE ANO TI£ 
PRECEDING H SYNC PULSE. C0UJR FIELD I: THAT FELD WITH 
POSITIVE GOING ZERO-CROSSINGS OF REFERENCE SL8CARRtER 
MOST NEARLY COINCIDENT WITH THE 50% .AM"\ .. frt..llE POINT Of 
THE LEADING EDGES Of EVEN NM8EREO HORIZONlAL SYNC PU.SES. 
REFERENCE SUBCARRIER IS A CONTINUOUS SIGNAL. WITH THE 
SAME INSTANTANEOUS PHASE AS BURST .. 

7 .. THE ZERO-CROSSINGS OF REFER£NCE SUBCARRIER SHALL BE 
NOMINALLY COINOOENT WITH THE 50% POINT Of Tl£ LEADING EDGES 
OF ALL HORIZOOTAL SYNC PULSES. FOR THOSE CASES 'MERE THE 
RELATIONSHIP BETWEEN SYNC ANO SUBCARRIER IS CRITICAL FOR 
PROGRAM INTEGRATION, THE TOLERANCE ON THIS COINCIDENCE IS 
~ 4oa OF REFERENCE SUBCARRIER. 

8. ALL RISE TIMES AND FALL TIMES LN...ESS OnERWISE SPECIFED ARE 
TO BE 0.14 uSEC _. 0.02 uSEC MEASURED FROM IO% TO 90% .AMPlfTl.l>E 
POINTS. All.. PULSE WIDTHS ARE MEASURED AT 50% AIFU1UJE 
POINTS, UNLESS OTI£RWISE SPECIFIED. 

9. TOLERANCE ON SYNC LEVEL, REFERENCE Bl.ACK LEVEL { SET-t.P) Afrl> 
PEAK TO PEAK BURST At.PUTLVE SHALL 8E • 2 IRE lNTS. 

10. THE INTERVAL BE~lNG WITH LINE 17 AND EXTEM>Ni 1lflOUGH LINE 
20 OF EACH F!ELD MAY BE USED FOR TEST, Cl.E NE CONTROL SIGNALS. 

ll. EXTRAfEOUS SYNCHRCHXJS SIGNALS DURING BL.ANKf.IG INTERVALS, 
INCLUOING RESIDUAL SLBCARRER,SHALL NOT EXCEED I RE I.NT. 
EXTRANEOUS NOO-SYNCHRONOUS SIGNALS Ol..RNG B...AMCWG INTERVALS 
SHALL NOT EXCEED 0.S IRE UNIT. ALL SPECIAL PlM'OS£ SMiNAl.S 
( VJTS, VIR, ETC..l WHEN ADDED TO THE VERTICAL ~ MERV.AL 
ARE EXCEPTED .. OVERSHOOT ON ALL PlLSES DURING SYNC AN? 
BLANKING, VERTICAL AND HORIZONTAL, SHALL NOT EXCEED Z IRE lNTS. 

!2. BURST ENVELOPE RISE TIME IS 0.3 uSEC. 0.2 usrc-0.1 uSEC 
MEASURED BETWEEN THE Kl% ANO 90% AMPLITUDE POWTS. 
BURST IS NOT PRESENT DURING Tl£ NINE LNE VERTICAL NTER\IAL. 

13. THE START Of BURST IS DEFINED BY THE ZERO-CROSSING 
{POSITIVE OR NEGATIVE SLOP£) THAT PRECEDES Tl£ FflST HALF 
CYCLE OF Sl.6CARRIER THAT IS 50% OR GREATER CF THE 81..RST 
AMPLITUDE. ITS POSITION IS NOMINALLY 19 CYCLES CF Sl.8CARRER 
FROM THE 50% AMPLITUDE POINT Of LEADING EDGE Of SYNC. 
(SEE DETAIL ZZl 

14. THE ENO OF BURST rs DE.Fl~ BY T1£ ZERO-CROSSM {POSITNE 
OR NEGATIVE SLOPE) THAT FOLLOWS THE LAST HALF CYC...£ OF 
SUBCARRIER THAT IS 50% OR GREATER Of THE BURST AIA..JTlDE. 

15. MONOCHROME SIGNALS SHALL BE. IN ACCORDANCE WfTH THIS 
DRAWING EXCEPT THAT BURST IS OMTTEO, AND FIEl.DS m AND DZ 
ARE IDENTICAL TO FlELDS I AND Il RESPECTIVELY. 

16. OCCASK>NALLY, MEASUREMENT OF PICTURE Bl..AN<ING AT 20 lRE 
UNITS IS NOT POSSIBLE BECAUSE OF SCUE CONTENT AS VERFED 
ON A PICTURE MONITOR. 

COLOR TELEVISION STUDIO 

PICTURE LINE AMPLIFIER OUTPUT 

RS 170 A 

EIA TENTATIVE STANDARD 

DRAWN: JWPG NOVOEIER 8,1977 



COMPOSITE VIDEO WAVEFORM 
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NOTl!'.s: 
I. fl= 0.714 ± .I volts (100 IRE Units). 
2. DC= 0.286 (40 IRE Units) nominal. 

oc 
3. Sync to total signal ratio (fl + oc) = (28.6 ± 5) %. 

4. Blanking= 7.5 ± 5 IRE Units (2.5% to 12.5% of fl). 

5. l!orizontal Rise times measured from 10% to 90% 
amplitudes shall be less than 0.3'</s. 

6. Overshoot on horizontal blanking signal shall not 
exceed 0.02tl at beginning ol front porch and 0.0511 at 
end o! back porch. 

7. Overshoot on sync signal shall not exceed 0.0511. 
8. T 0 = start of vertical sync pulsfl. 

9. T 1 =start ot vertical blanking. 

Figure 4. RS-330 video standard 

2-EIA RS-330 STANDARD 

+o 
10. T 1 = T 0 - 250~/s. 

II. A - vertical sync pulJe = 150 ± 50,./s measured between llO'JL amplitude 
points. 

12. Rise and fall times of vertical blanking and vertical sync puhe, measured 
from 10% to 90% amplitudes, shall be less than 5~/s. 

13. Tilt on vertical sync pulse shall be less than 0.1 DC 
a. I! horizontal information is provided durin11 the vertkal sync pulJe _it must 

be at 2H rate and as shown in the optional vertical blanking interval 
waveform. 

15. B - vertical serration = 4.5 ::t: .5µ/s rr.easured between. the 903 amplitude 
points. Rise times measured from I 0% to 90% amplitudes shall be less 
than 0.3•/•. 

16. I! equalizing pulses are used in _the vertical. blanking interval waveform 
they shall be 6 in number preceding the vertical sync pulae and be at 2H 
rate. 

This standard calls for the same requirements as RS-170A except for the following: The display signal shall be 0. 714 
± 0.1 V, while the synchronization part of the video signal shall be 0.286 ± 0.05V. 

This standard shall be used for display resolutions of at least 350 lines vertically and 600 pixels horizontally. Refer to 
figure 4. 

3-EIA RS-343 STANDARD 

This standard has the same specifications as RS-170A except for the following: The display signal shall be 0.714 
± 0.1 V, while the synchronizing signal shall be 0.286 ± 0.05V. This standard shall apply to display resolution in the 
range of 675 to 1023 pixels horizontally with a field rate of 60 Hz, interlaced 2:1. 

The frame aspect ratio shall be 4:3 or 1: 1. Refer to figure 5. 

4-TTL LEVEL 

There is no standard governing this kind of an output. Since the video input is a logic level, than the video signal and 
the synchronization pulses can not be mixed. The norm in the industry is a positive going video signal, while the verti­
cal sync and the horizontal sync outputs can be either positive or negative going pulses. 

The synchronization TTL outputs of the Matrox boards can be wire-wrapped for positive or negative going pulses. The 
outputs themselves are driven by Bipolar 74SLxxx series drivers, therefore normal Fan Out considerations for that 
series should be taken into account in cases where more that one TTL monitor is attached to the same output. 

NOTE: 

In cases where a number of analog monitors are to be driven by the analog output of one Matrox board, the monitors 
selected should have an impedance selection switch, plus loop-through connectors. The switch allows the user to put 
the monitor on the line with the standard 75 Ohm impedance or with high impedance, while the loop-through 
connectors duplicate the input BNC connectors for multiple monitor connections. 

Let us consider a case where there is three monitors to be driven by the same signal, see figure 6. The video signal is 
connected to monitor # 1 which is put in the high impedance state. The signal is connected from the secondary 
connectors of monitor # 1 to the input of monitor # 2, which is also in the high impedance state. The signal is fed from 
the secondary connectors of monitor # 2 to the input of monitor # 3. Since monitor # 3 is the last monitor to be driven 

A-50 



T, 

~H-1 
I ;: 150µS 
I I 1250 I "Vli:--; :_ IA_!_,' I: 1ST ~,--: p 1 I i------; FIELD I 1 t Jr"" ......... ---. : -'' .. ...----» 

a I 
1 

r-· 

~ff 
I 
I 

f\_rr------. 
I 
I 

-11-e 
OPTIONAL VERTICAL 
BLANKING INTERVAL 

FIGURE I 

COMPOSITE VIDEO WAVEFORM HIGH RESOLUTION MONOCHROME TELEVISION CAMERA 

1. f3 = 0.714 ±_ 0.1 volts (100 IRE Units). 
2. a"' 0.286 {40 IRE Units) nominal 

a 
3. Sync to total ggnaJ ratio (jr+(i) = 28.6 ± 5%. 

4. Blanking" 7.5 ± 5 IRE Units (l.5% to 12.5% of/}), 
5. Horizontal Rise Times measured from 10% to 90% amplitudes shall be less 

than 0.1 µ/s. 
6. Overshoot on horizontal blanking signal shall not exceed 0.0213 at beginning 

of front porch and 0.05/J at end of back porch. 
7. Ovenhoot on sync sign.al shall not exceed 0.05/3. 
8. T 0 = start of Yertical sync pulse. 
9. T 1 " start of 11erticaJ blanking. 

10. T 1 =r 0 :~soµ/s 

Figure 5, RS-343 video standard 

11. A - verticaJ sync pullt"' 125 ±SO µ./s measured between 90% amplitude poinb. 
12. Rise and fall times of vertical blanking and vertical sync pultc, measured from 

10% to 90% ampbtuder.. shall be lea than S µ/L 
13. Tilt on verticaJ sync pulse lhal1 be less than 0.1 a. 
14. If horizontal information is provided during the vertical sync pultt it must be at 

2H frequency and as shown in the optional vertical blanking interval waveform. 
IS. B • vcrtica1 semtion = 2 :t ,S µ/s measured between the 90% amplitude points. 

Rise time measured from 10% to 90% amplitudes lhall be less than 0.1 µIs. 
16. If equalizing pulses ue u1ed in the vertical blanking interval waveforms they 

shall be 6 in number preceding and following the vertifcal sync pultt, be at 2H 
frequency and 1/2 the width of H sync pulse. 

17. It is recommended that for proper interlace the time duration between the 
leading edj!!:e of 11ertical sync and the leading edge of horizontal sync be a 
multiple of H/2. 

by the same signal, then it should have an impedance of 75 Ohm so that the line is terminated according to the stand­
ards, Normally there is no restriction as to the number of monitors that are driven by the same signal, as long as all the 
monitors between the source and the last monitor are set for high impedance, and only the last one is set for 75 Ohm. 
Under no circumstance should the monitors be connected in parallel to the source, 

VIDEO MONITORS 

The two most important factors in selecting a monitor are the video bandwidth and the screen persistance, 

The video bandwidth of the monitor has to be equal to or better than the actual video signal that it is supposed to 
display, The following is a table that lists the required bandwidth of the monitor to be used with Matrox boards with the 
different resolutions. 

ANALOG 
VIDEO 

SIGNAL 

MONITOR# I 

Figure 6, Driving several Monitors with a single video signal 
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Display Resolution Field Rate Bandwidth [MHz] 

1600 x 1200 interlaced 30 Hz 85-90 

1600 x 1200 interlaced 25 Hz 70-75 

1280 x 1024 interlaced 30 Hz 65-70 

1216x862 interlaced 35 Hz 65-70 

1024 x 768 non-interlaced 60 Hz 70-75 

1024 x 768 non-interlaced 50 Hz 65-70 

1024 x 768 interlaced 30 Hz 45-50 
640 x 480 non-interlaced 60 Hz 35-40 

512x512 interlaced 30 Hz 15-20 

256 x 256 non-interlaced 60 Hz 10-15 

The screen persistance is totally dependant on the type of display and its resolution. The problem arises from the fact 
that each pixel is re-illuminated (refreshed) once every 1 /60th of a second, and if the screen phosphor does not remain 
illuminated (persist) between refresh, then the display will flicker. 

A medium or long persistance phosphor is recommended for all graphics applications that use interlaced displays, 
except for high speed animation. For non-interlaced displays a short or medium persistance phosphor would be satis­
factory. As a comparison, phosphor types P39 and P40 which are long persistance phosphors take as long as 150msec. 
to decay, while the medium persistance phosphors like P1 and P42 decay in 24 and 1 Omsec. respectively. Short 
persistance phosphors like P4, P7 and P31 decay in microseconds. The above decay times are the length of time it 
requires the light intensity of the phosphor to drop to 90% from 100%. 

CABLES and CONNECTORS 
All the latest video boards from Matrox use a 10 pin AMP connector for the video outputs. The part number for the 
housing of the equivalent cable connector is 87922-1 and the part number of the pins is 87667-2. These pins can be 
either crimped or soldered to the wires. 

The majority of color monitors on the market today use 75 Ohm BNC jacks, while there might still be some monitors 
using 75 Ohm UHF jacks. Since UHF to BNC" adaptors are readily available, then it is more convenient to use BNC 
plugs to connect to the monitors. The part number for the BNC plug is Amphenol 554-82/262. The interconnecting 
75 Ohm cable for the BNC plug is RG-179 AIU for distances of up to 15 feet. For distances of up to 500 feet RG-59 A/U 
is required. 

Flat ribbon cable is sufficient for interconnecting the TTL signals to the monitor, if the distance is 15 feet or less. For 
longer distances shielded cables and line drivers are required. 

NOTE: 

Signal attenuation and gross mismatches of impedances due to bad cables and connections can cause dim displays, 
double pictures, noisy and torn images, or bad colors. 
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APPLICATION NOTE 

#7 

MAY 1983 

USING MATROX Q-BUS CARDS WITH UNIBUS SYSTEMS 

Matrox manufactures the QRGB-ALPHA, QRGB-GRAPH, and QVAF-512 video cards, which plug into the DEC Q-bus 
(LSl-11). These video cards can also be interfaced to Unibus (PDP11) systems via a Unibus to Q-bus converter. 

A dual purpose bus converter, the "QNIVERTER" is available from: 

Able Computer 
1732 Reynolds Avenue 
Irvine, CA 92714 
Tel: (714) 979-7030 
TWX: 910-595-1729 ACT IRIN 

The QNIVERTER is a quad width card which performs one of two user selected functions: 

- permits an LSl-11, LSl-11/2, LSl-11/23, or PDP-11/03 computer system to access Unibus compatible cards. 

- permits a PDP-11 (Unibus) computer system to access Q-bus compatible cards. 

The QNIVERTER card installs into a quad slot of a Q-bus backpane and connects to that bus through the A and B con­
nectors on the card. Two Unibus connectors, on the top of the QNIVERTER card, provide connection to a standard 
Unibus cable, through which the QNIVERTER connects to the Unibus backplane. 

The QNIVERTER is software transparent to the host computer, supports a four level interrupt structure, and functions 
with memory parity and full 256K byte addressing. 

The QNIVERTER can not be used to interface a PDP-11 computer system to an LSl-11 computer system or vice-versa, 
since it can not function as a bus arbitrator between two computers. 

To use the Matrox Q-bus video boards with a Unibus computer, the computer owner needs the following items: 

1. A standard Unibus cable 

2. A quad LSl-11 cardcage with power supply (DEC BA11-N or equivalent) 

3. A QNIVERTER bus converter card 

The QNIVERTER card plugs into the first slot of the LSl-11 cardcage, the slot the CPU usually occupies. A standard 
Unibus cable is plugged, on one side, into the two Unibus connectors on top of the QNIVERTER and on the other side, 
into the last slot of the Unibus backplane of the Unibus computer. The Matrox Q-bus video cards plug into the LSl-11 
cardcage, anywhere after the QNIVERTER, and assume lower priority than the Unibus cards. 

The above set-up is useful for any Q-bus card, thus Q-bus memories and controllers can be added to the new 
card cage. 

Further technical information about the QNIVERTER, its installation, and use is available from Able Computer Technology. 

ONIVERTER is a trademark of Able Computer Technology Inc. 
DEC, LSl-11, and PDP-11 are trademarks of Digital Equipment Corp. 

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

#8 

MAY 1983 

CALCULATING USER-DEFINED VIDEO FORMATS FOR THE GXB-1000 

INTRODUCTION 

The GXB-1000 is an advanced high resolution graphics controller which may be configured for different display 
formats. There are eight different pre-programmed formats available, however, it is possible to program the GXB with 
other video formats. The purpose of this application note is to explain how to compute the parameters required for 
custom video formats. 

ARCHITECTURE 

The GXB-1000 is a multiboard set designed for the INTEL MULTIBUS. The VGM board, which is the video controller, 
contains an 8088 microprocessor, a NEC 7220 graphics controller, and the firmware required to perform various func­
tions. Some of these functions are circle drawing, filled polygons, text areas, and input function (i.e. bit pad) support. 
The RMB board contains 512 KBYtes of video RAM, connected to the VGM via a special high-speed video bus, called a 
META bus. Up to four RMB boards may be used with a single VGM. 

When running in the graphics mode, the GXB fetches op-codes from memory to perform various functions. One of 
these functions, labelled LOAD VIDEO FORMAT, allows the user to load custom video formats. Sixteen bytes of data 
are required to completely define a new video format. 

OVERVIEW 

For the purposes of the following discussion, frequency will be measured in Hertz and periods measured in seconds. 

In order to determine the required parameters, it is first necessary to compute the dot clock period as follows: 

Dot Clock (DC) = _____ _ 

crystal frequency 

Dot Clock Word (DCW) = DC x 32 

The DCW value will be required later. 

The next step is to compute the horizontal frequency and determine if it resides within your monitor's horizontal band­
with specification. The number chosen for the horizontal displayed pixels must be evenly divisible by 32. Satisfying this 
requirement, the horizontal frequency is computed as follows: 

Horizontal PERiod (HPER) = horizontal displayed pixels x DC + HSYNC + HFPORCH + HBPORCH 

where: 

and 

Horizontal Frequency = __ 1_ 

HPER 

HSYNC is the horizontal sync width time. 

HFPORCH is the horizontal front porch width time. 

HBPORCH is the horizontal back porch width time. 

If the horizontal frequency is too high there are two options. The number of displayed pixels may be decreased, or the 
crystal frequency may be divided by two. This division Is achieved by removing jumper 105-106 on the VGM board, and 
installing jumpers 104-105, and 106-107. If, however, the horizontal frequency is too low, then the number of dis­
played pixels may be increased. Additionally, the HSYNC/HFPORCH/HBPORCH values may be "padded" to obtain the 
required value. 

MATAOX products covered by Canadian and foreign patent and/or patent pending. 
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The vertical refresh rate must now be determined. Needless to say this value must fall within your monitor's vertical 
bandwidth specifications. The calculations are as follows: · 

Vertical PERiod (VPER) = HPER x ((flag x vertical displayed lines) + VSYNC + VFPORCH + VBPORCH) 

where: VSYNC is the numberof horizontal lines required for the vertical sync pulse. 

VFPORCH is the number of horizontal lines required for the vertical front porch. 

VBPORCH is the number of horizontal lines required. for the vertical back porch. 

flag = 0.5 for interlaced video 
1.0 for non-interlaced video 

In some cases the above three values are given in time. In this case VPER is computed as follows: 

VPER = (HPER x flag x vertical displayed lines) + vsync(t) + vfporch(t) + vbporch(t) 

with: VSYNC = vsync(t) 
HPER 

VFPORCH = vfporch(t) 

HPER 

VBPORCH = vbporch(t) 
HPER 

It should be noted that VSYNC, VFPORCH, and VBPORCH must be integer quantities. 

The vertical frequency is determined by the following equation: 

Vertical Frequency = 

VPER 

Once parameters have been determined that satisfy your monitor's bandwidth requirements, it is necessary to create a 
"display file" so that the GXB can implement the new display format. Note that parameters which contain two bytes are 
stored with the LSB first and the MSB second. 

DISPLAY FILE LOCATION 

byte 1 

bytes 2 & 3 

bytes 4 & 5 

bytes 6 & 7 

bytes 8 & 9 

byte 10 

byte 11 

DATA 

Op-code to LOAD VIDEO FORMAT. C1 hex. 

Number of horizontal displayed pixels. 

Number of vertical displayed pixels. 

Horizontal dimension of the GXB's memory. This value must not 
be less than the number of horizontal displayed pixels and must 
be a multiple of 64. 

Vertical dimension of the GXB's memory. This value must not be 
less than the number of vertical displayed pixels. 

1 B hex selects interlaced video. 
12 hex selects non-interlaced video. 

This is where the DCW becomes important. The value here is the 
number of active display words per line minus 2, computed as 
follows: (the result must be even). 

horizontal displayed pixels - 2 

32 
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byte 12 

byte 13 

byte 14 

byte 15 

byte 16 

byte 17 

CONCLUSION 

The lower 5 bits contain the horizontal sync width, measured in 
Display Word Periods (DWP), minus one. This value is obtained 
as follows: 

HSYNC -1 

DCW 

The upper 3 bits of this byte (least significant), and the lower two bits 
of byte 13 (most significant), contain the vertical sync width, measured 
in horizontal scan periods. This is the VSYNC parameter. 

The lower two bits are as mentioned above. The upper 6 bits 
measure, in DWP, the horizontal front porch minus one. 

HFPORCH - 1 

DCW 

The lower six bits represent the horizontal back porch width 
(in DWP) minus one. 

HBPORCH -1 

DCW 

The two upper bits must be zero. 

The lower six bits specifies the vertical front porch, in horizontal 
lines. This is the VFPORCH parameter. The upper two bits must 
be zero. 

This byte contains the least significant 8 bits of a 10 bit number, 
while the 2 lower bits of byte 17 contain the most significant bits 
of this 10 bit number. Its value is computed as follows: 

vertical displayed lines x flag. 

This value will either be the same or one-half the value entered in 
bytes 3 and 4. 

The lower two bits are mentioned above. The upper 6 bits con­
tain the vertical back porch width, measured in horizontal lines. 
This is the VBPORCH value. 

Due to the wide variety of video monitors available, it is not possible to have a pre-programmed video format for every 
individual monitor. Thus, applications such as CAD/CAM and GAE will benefit by allowing the user to implement 
non-standard screen formats with a minimal amount of effort. 

A-57 



A·58 



DVD 

ORDERING INFORMATION 

B-1 



I 

APPENDIX B ORDERING INFORMATION 

ORDERING INFORMATION 
Price 
Terms 
Delivery 
Warranty 
Returns 

US SALES REPRESENTATIVES 
(By State) 

INTERNATIONAL SALES REPRESENTATIVES 
(By Country) 

CANADIAN SALES REPRESENTATIVES 
(By Province) 

8-2 

8-3 

8-4 

B-8 

B-10 



ORDERING INFORMATION 

Orders can be placed directly with Matrox, or through our 
local distributors and representatives. Orders will be accepted 

1 
by telephone, mail, or telex. 

Detailed product ordering information is provided on the last 
· page of the product data sheet. It is important that the proper 

product configuration be defined on the order, to ensure 
! prompt delivery. 

PRICE 
Price information, including quantity discounts, is published in 

1 the "Matrox OEM Price List". All prices are subject to change, 
and should be verified at the time an order is placed. 

TERMS 
Terms are net 30 to firms approved by Matrox's credit depart­
ment. New customers are required to provide three trade refer­
ences and a bank reference in order to secure credit. 

DELIVERY 

Delivery on all standard products can vary from stock to eight 
weeks. Consult the factory for specific delivery times when or­
dering. All US orders are shipped F.O.B. our warehouse facil­
ity at Mooers, NY. All Canadian and Overseas orders are ship­
ped F.O.B. our plant in Montreal. 

Orders can be shipped via UPS, UPS Blue Label, Airborne, or 
Purolator Sky courier. Shipping charges are prepaid and 
invoiced by Matrox. 

WARRANTY 

All products manufactured by Matrox are warranted against 
defects in material and workmanship for a period of six (6) 
months from date of shipment from Matrox. Color monitors 
are warranted against defects for a period of ninety (90) days 
from the date of shipment from Matrox. Matrox will repair or re­
place products which prove to be defective during the war­
ranty period provided that they are returned to Matrox Elec­
tronic Systems Ltd. at the point of original shipment. No other 
warranty is expressed or implied. Matrox is not responsible for 
consequential damages. 
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Matrox shall not be liable under this warranty for: (i) the goods 
that the buyer alleges are defective and have been repaired or 
altered by someone other than Matrox designated personnel 
or authorized representative, unless such repair or alteration 
was effected pursuant to prior written approval of Matrox Elec­
tronic Systems, or (ii) where the buyer fails to notify Matrox 
Electronic Systems of any alleged defects within the period of 
warranty, or (iii) where the buyer fails to return defective items 
to Matrox Electronic Systems, freight prepaid, or (iv) where 
equipment has been altered or damaged in such a way which 
Matrox Electronic Systems reasonably determines to person­
ally effect the performance or reliability, or where the equip­
ment has been subject to misuse, neglect, or accident. 

THE ABOVE WARRANTY IS IN LIEU OF ANY OTHER WAR­
RANTY, WHETHER EXPRESSED, IMPLIED, OR STATUTORY, 
INCLUDING, BUT NOT LIMITED TO ANY WARRANTY FOR 
FITNESS OF PURPOSE MERCHANTABILITY, OR FREEDOM 
FROM INFRINGEMENT OR THE LIKE, AND ANY WARRANTY 
OTHERWISE ARISING OUT OF ANY PROPOSAL, SPECIFICA­
TIONS, OR SAMPLE. MATROX ELECTRONIC SYSTEMS 
NEITHER ASSUMES OR AUTHORIZES ANY PERSON TO 
ASSUME FOR IT ANY OTHER LIABILITY. 

RETURNS 
No returned goods, for service or otherwise, will be accepted 
without prior authorization from Matrox Electronic Systems. 
All returned units must have a Returned Merchandise Author­
ization (AMA) number issued by Matrox. Units must be re­
turned to the original shipping point and the packaging must 
indicate the RMA number on the outside. 

Goods returned for warranty servicing must be shipped pre­
paid. They will be returned at no charge for freight. All other 
returns will be shipped back collect or prepaid. 



U.S. SALES REPRESENTATIVES 

ALABAMA 

PEN-TECH ASSOCIATES, INC. 
Holiday Office Center, Suite 36 
3322 Memorial Parkway SW 
Huntsville, AL 35801 
Tel: (205) 881-9298 

ALASKA 

MATROX ELECTRONIC SYSTEMS LTD. 
5800 Andover Avenue 
T.M.R., Quebec H4T 1H4 
Canada 
Tel: (514) 735-1182 
Tix: 05-825651 

ARIZONA 

P.A.R. ASSOCIATES 
4012 E. Broadway Road 
#307 
Phoenix, AZ 85040 
Tel: (602) 243-4267 

ARKANSAS 

MYCROSYSTEMS MARKETING 
1006 Hampshire Lane 
Richardson, TX 75080 
Tel: (214) 669-2380 

CALIFORNIA 

INDUSTRIAL MODULES INC. 
1400 Coleman Avenue 
Suite 24G 
Santa Clara, CA 95050 
Tel: (408) 988-1911 
Twx: 910-338-7067 
Tix: 171647 

HIGH-TECH DIGITAL 
4708 Highgrove Avenue 
Torrance, CA 90505 
Tel: (213) 378-5131 

COLORADO 

P.A.R. ASSOCIATES 
10515 East 40th Avenue 
No. 103 
Denver, CO 80239 
Tel: (303) 371-4140 
Twx: 910-932-0180 

CONNECTICUT 
ABC ELECTRONICS SALES CO. 
99 Hillside Avenue 
Box G 
Williston Park, NY 11596 
Tel: (516) 747-6610 
Twx: 710-572-2206 

(BY STATE) 
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DELAWARE 

BURGIN-KREH ASSOCIATES 
7000 Security Boulevard 
Suite 330 
Baltimore, MD 21207 
Tel: (301) 265-8500 
Twx: 710-862-1450 

FLORIDA 

PEN-TECH ASSOCIATES, INC. 
1398 Semoran Boulevard 
Suite 106 
Casselberry, FL 32707 
Tel: (305) 645-3444 

PEN-TECH ASSOCIATES, INC. 
202 SE 15th Terrace 
Suite K 
Deerfield Beach, FL 33441 
Tel: (305) 421-4989 

GEORGIA 

PEN-TECH ASSOCIATES, INC. 
Cherokee Center, Suite 21 
627 Cherokee Street 
Marietta, GA 33060 
Tel: (404) 424-1931 

HAWAII 

MATROX ELECTRONIC SYSTEMS LTD. 
5800 Andover Avenue 
T.M.R., Quebec H4T 1 H4 
Canada 
Tel: (514) 735-1182 
Tix: 05-825651 

IDAHO 

P.A.R. ASSOCIATES 
10515 East 40th Avenue 
No. 103 
Denver, CO 80239 
Tel: (303) 371•4140 
Twx: 910-932-0180 

ILLINOIS 
TECHNICAL REPRESENTATIVE~ INC. 
502 Earth City Plaza 
Suite 201 
Earth City, MO 63045 
Tel: (314) 291-0001 
Twx: 910-762-0685 

MICRO-TEX INC. 
1375 Remington Road 
Suite M 
Schaumburg, IL 60195 
Tel: (312) 885-1131 
Twx: 910-291-0370 



IN DIANA 
MICRO-TEX INC. 
1375 Remington Road 
Suite M 
Schaumburg, IL 60195 
Tel: (312) 885-1131 
Twx: 910-291-0370 

IOWA 
TECHNICAL REPRESENTATIVES INC. 
2510 White Eagle Trail SE 
Cedar Rapids, IA 52403 
Tel: (319) 364-8650 

KANSAS 
TECHNICAL REPRESENTATIVES INC. 
360 North Rock Road 
Suite 4 
Wichita, KS 67206 
Tel: (316) 681-0242 

KENTUCKY 
MATROX ELECTRONIC SYSTEMS LTD. 
5800 Andover Avenue 
T.M.R., Quebec H4T 1H4 
Canada 
Tel: (514) 735-1182 

LOUISIANA 

MYCROSYSTEMS MARKETING 
1006 Hampshire Lane 
Richardson, TX 75080 
Tel: (214) 669-2380 
Twx: 910-867-4763 

MAINE 
NOVA SALES 
2 Militia Drive 
Lexington, MA 02173 
Tel: (617) 861-1820 

MARYLAND 
BURGIN-KREH ASSOCIATES 
7000 Security Boulevard 
Baltimore, MD 21207 
Tel: (301) 265-8500 
Twx: 710-862-1450 

MASSACHUSETTS 

NOVA SALES 
2 Militia Drive 
Lexington, MA 02173 
Tel: (617) 861-1820 

MICHIGAN 
MATROX ELECTRONIC SYSTEMS LTD. 
29429 Southfield Road 
Suite 5 
Southfield, Ml 48076 
Tel: (313) 540-3228 
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MINNESOTA 
JEN-RAY SYSTEMS 
5300 West 73rd Street 
Minneapolis, MN 55435 
Tel: (612) 831-5060 

MISSISSIPPI 
PEN-TECH ASSOCIATES, INC. 
Holiday Office Center, Suite 36 
3322 Memorial Parkway SW 
Hunstville, AL 35801 
Tel: (205) 881-9298 

MISSOURI 
TECHNICAL REPRESENTATIVES INC. 
502 Earth City Plaza 
Suite 201 
Earth City, MO 63045 
Tel: (314) 291-0001 
Twx: 910-762-0685 

TECHNICAL REPRESENTATIVES INC. 
406 West 34th Street 
Suite 516 
Kansas City, MO 64111 
Tel: (816) 756-3575 
Twx: 910-771-0025 

MONTANA 
P.A.R. ASSOCIATES 
10515 East 40th Avenue 
No. 103 
Denver, CO 80239 
Tel: (303) 371-4140 
Twx: 910-932-0180 

NEBRASKA 
TECHNICAL REPRESENTATIVES INC. 
502 Earth City Plaza 
Suite 201 
Earth City, MO 63045 
Tel: (314) 291-0001 
Twx: 910-762-0685 

NEVADA 
INDUSTRIAL MODULES INC. 
1400 Coleman Avenue 
Suite 24G 
Santa Clara, CA 95050 
Tel: (408) 988-1911 
Twx: 910-338-7067 
Tix: 171647 

HIGH-TECH DIGITAL 
4708 Highgrove Avenue 
Torrance, CA 90505 
Tel: (213) 378-5131 
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NEW HAMPSHIRE 

NOVA SALES 
2 Militia Drive 
Lexington, MA 02173 
Tel: (617) 861-1820 

NEW JERSEY 
ABC ELECTRONIC SALES CO. 
152 Wildcat Road, RD 1 
Box 208B 
Franklin, NJ 07416 
Tel: (301) 265-8500 
Twx: 510-222-4232 

KNOWLES ASSOCIATES 
1 Fairway Plaza 
Suite 310 
Huntingdon Valley, PA 19006 
Tel: (215) 947-5641 
Twx: 510-665-5303 

NEW MEXICO 
MATROX ELECTRONIC SYSTEMS LTD. 
5800 Andover Avenue 
T.M.R., Quebec H4T 1H4 
Canada 
Tel: (514) 735-1182 
Tix: 05-825651 

NEW YORK 

ABC ELECTRONIC SALES CO. 
99 Hillside Avenue 
Box G 
Williston Park, NY 11596 
Tel: (516) 747-6610 
Twx: 510-222-4232 

ABC ELECTRONIC SALES CO. 
220 Marble Road 
POBox316 
Pleasantville, NY 1 0570 
Tel: (914) 796-8088 
Twx: 710-572-2206 

KLM GARNER 
111 Marsh Road 
Pittsford, NY 14534 
Tel: (716) 381-8350 
Twx: 510-253-5762 

KLM GARNER 
PO Box C 
Clark Mills, NY 13321 
Tel: (315) 853-6126 

KLM GARNER 
201 South Main Street 
North Syracuse, NY 13212 
Tel: (315) 458-6214 
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NORTH CAROLINA 

PEN-TECH ASSOCIATES 
Pen-Tech Building, Suite C 
3709 Alliance Drive 
Greensboro, NC 27407 
Tel: (919) 852-6000 

NORTH DAKOTA 

JEN-RAY SYSTEMS 
5300 West 73rd Street 
Minneapolis, MN 55435 
Tel: (612) 831-5060 

OHIO 
MATROX ELECTRONIC SYSTEMS LTD. 
5800 Andover Avenue 
T.M.R., Quebec H4T 1H4 
Canada 
Tel: (514) 735-1182 
Tix: 05-825651 

OKLAHOMA 
MYCROSYSTEMS MARKETING 
1006 Hampshire Lane 
Richardson, TX 75080 
Tel: (214) 669-2380 
Twx: 910-867-4763 

OREGON 

WESTERBERG & ASSOCIATES 
2035 SW 58th Street 
Suite 122 
Portland, OR 97221 
Tel: (503) 297-1719 

PENNSYLVANIA 

KNOWLES ASSOCIATES 
1 Fairway Plaza 
Suite 310 
Huntingdon Valley, PA 19006 
Tel: (215) 947-5641 
Twx: 510-665-5303 

RHODE ISLAND 
NOVA SALES 
2 Militia Drive 
Lexington, MA 02173 
Tel: (617) 861-1820 

SOUTH CAROLINA 
PEN-TECH ASSOCIATES 
Pen-Tech Building, Suite C 
3709 Alliance Drive 
Greensboro, NC 27407 
Tel: (919) 852-6000 

SOUTH DAKOTA 

JEN-RAY SYSTEMS 
5300 West 73rd Street 
Minneapolis, MN 55435 
Tel: (612) 831-5060 



TENNESSEE 
PEN-TECH ASSOCIATES 
Pen-Tech Building, Suite C 
3709 Alliance Drive 
Greensboro, NC 27407 
Tel: (919) 852-6000 

TEXAS 

MYCROSYSTEMS MARKETING 
1006 Hampshire Lane 
Richardson, TX 75080 
Tel: (214) 669-2380 
Twx: 910-867-4 763 

MYCROSYSTEMS MARKETING 
10707 Corporate Drive 
Suite 210 
Stafford, TX 77477 
Tel: (713) 491-6550 
Twx: 910-8880-4433 

MYCROSYSTEMS MARKETING 
8330 Burnet Road 
Suite 136 
Austin, TX 78758 
Tel: (512) 452-2842 

UTAH 

P.A.R. ASSOCIATES 
4750 Wiley Post Way 
Suite 165 
Salt Lake City, UT 84116 
Tel: (801) 537-1900 

VERMONT 
NOVA SALES 
2 Militia Drive 
Lexington, MA 02173 
Tel: (617) 861-1820 

VIRGINIA 

BURGIN-KREH ASSOCIATES 
8314 Timberlake Road 
Box 4455 
Lynchburg, VA 24502 
Tel: (804) 239-2626 
Twx: 710-871-1529 
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WASHINGTON 
WESTERBERG & ASSOCIATES 
12505 NE Bel-Red Road 
Suite 212 
Bellevue, WA 98005 
Tel: (206) 453-8881 
Twx: 910-443-2319 

WASHINGTON, D.C. 
BURGIN-KREH ASSOCIATES 
7000 Security Boulevard 
Suite 330 
Baltimore, MD 21207 
Tel: (301) 265-8500 
Twx: 710-862-1450 

WEST VIRGINIA 
MATROX ELECTRONIC SYSTEMS LTD. 
5800 Andover Avenue 
T.M.R., Quebec H4T 1H4 
Canada 
Tel: (514) 735-1182 
Tix: 05-825651 

WISCONSIN 
JEN-RAY SYSTEMS 
5300 West 73rd Street 
Minneapolis, MN 55435 
Tel: (612) 831-5060 

MICRO-TEX INC. 
22660 Broadway 
Suite 3B 
Waukesha, WI 53186 
Tel: (414) 542-5352 

WYOMING 

P.A.R. ASSOCIATES 
10515 East 40th Avenue 
No. 103 
Denver, CO 80239 
Tel: (303) 371-4140 
Twx: 910-932-0180 



INTERNATIONAL SALES REPRESENTATIVES 

AUSTRALIA 

MEASURING & CONTROL EQUIPMENT CO. 
PO Box 78 
Epping, NSW 2121 
Australia 
Tel: (86) 4060 
Tix: 71-22922 POSSY 

AUSTRIA 

BACHER ELEKTRONISCHE GERATE GES MBH 
Ratemuhgasse 26 
A-1120 Wien 
Austria 
Tel: (0220) 835646-0 
Tix: 47-131532 BASAT 

BENELUX 

MATROX BENELUX 
Dorpsplein 8 
4185 NP East 
Holland 
Tel: 3456741 
Tix: 76159 MATROX 

DENMARK 

JORGEN ANDERSON INGENIORFIRMA A.S. 
Produkionsvej 1 
DK-2600 Glostrup 
Denmark 
Tel: (02) 91 88 88 
Tix: 55-35378 JORGEX 

ENGLAND 

PERDIX COMPONENTS 
98 Crofton Park Street 
Crofton Park 
London SE4 1AL 
England 
Tel: (01) 690-1914/5 
Tix: 51-897883 PERDIX 

FINLAND 

OY FINTRONIC AB 
Melkonkatu 24A 
00210 Helsinki 21 
Finland 
Tix: 57-124224 FTRON 

FRANCE 

METROLOGIE 
4 Ave. Laurent-Cely 
92606 Asnieres Cedex 
France 
Tel: 791 44 44 
Tix: 42-611448 METROLO 
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GREECE 

AMERICAN TECHNICAL ENTERPRISES S.A. 
PO Box 156 
Athens 
K. Greece 
Tel: 8219.470 - 8811.271 
Tix: 601-216046 ATE 

IS RAEL 

EIM INTERNATIONAL ELECTRONICS LTD. 
7 Tfuzot Israel Street 
Gwatayim 53583 
Israel 
Tel: (03) 774-041 
Tix: 342362 EIM 

ITALY 

3G ELECTRONICS S.R.L. 
Via Perugino 9 
20135 Milano 
Italy 
Tel: 5466367 543096 
Tix: 321024 TREMGI 

JAPAN 

INTERNIX INC. 
Shinjuku Hamada Building 
7-4-7 Nishi-Shinjuku 
Shinjuku-ku, Tokyo 160 
Japan 
Tel: (03) 369-1101 
Tix: 72-26733 INTERNX 

NEW ZEALAND 

G.T.S. ENGINEERING LTD. 
Jayder House, Balm Street 
PO Box 42-053, Orakei 
Aukland 
New Zealand 
Tix: 74-2591 AUKAS 

NORWAY 

NORDISK ELECTRONIK (NORGE) A/S 
Smedsvingen 4 
Postbox 122 
1364 Hvalstad 
Norway 
Tix: 56-17546 NENAS 

PORTUGAL 

DITRAM COMPONENTES E ELECTRONICA LTA 
Ave. M. Bombarda 
133-1 000 Lisboa 
Portugal 
Tix: 404-14182 BRICKS 



SPAIN 

UNITRONICS S.A. 
Pza. Espana 18 
Madrid (8) 
Spain 
Tel: 242-52-04 
Tix: 46786 UTRON 

SWEDEN 
MICRO SCANDIA INDUSTRIAUTOMATION AB 
Box 3015 
S-433 03 Partile 
Sweden 
Tix: 54-32685 MICRO 

SWITZERLAND 

RELAIS ROHR 
Hertensteinstr. 39 
8052 Zurich 
Switzerland 
Tel: (03) 301 09 70 
Tix: 58587 ROHR CH 
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TAIWAN 

MULTITECH INTERNATIONAL CORP. 
2nd Floor 
977 Min Shen E. Road 
Taipei 105 
Taiwan 
Tel: (02) 7681232 (02) 7654092 
Tix: 785-23756 MULTllC 

WEST GERMANY 
ERNST RAUSCHER SYSTEMBERATUNG 
Bodenseestr. 293A 
8000 Munchen 66 
West Germany 
Tel: 089-878061 
Tix: 41-5212504 RASY 
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CANADIAN SALES REPRESENTATIVES 

ALBERTA 

MATROX ELECTRONIC SYSTEMS LTD. 
5800 Andover Avenue 
T.M.R., Quebec 
H4T 1H4 
Tel: (514) 735-1182 
Tix: 05-825651 

BRITISH COLUMBIA 

WESTERBERG & ASSOCIATES 
12505 NE Bel-Red Road 
Suite 212 
Bellevue, WA 98005 
Tel: (206) 453-8881 
Twx: 910-443-2319 

MANITOBA 

TRACAN ELECTRONICS CORP. 
1200 Aerowood Drive 
Suite 46 
Mississauga, Ontario 
L4W 2S7 
Tel: (416) 625-7752 
Tix: 06-961366 

NEW BRUNSWICK 

TRACAN ELECTRONICS CORP. 
6600 Trans-Canada Highway 
Suite 540 
Pointe Claire, Quebec 
H9R 4S2 
Tel: (514) 694-5343 
Tix: 05-822814 

NEWFOUNDLAND 

TRACAN ELECTRONICS CORP. 
6600 Trans-Canada Highway 
Suite 540 
Pointe Claire, Quebec 
H9R 4S2 
Tel: (514) 694-5343 
Tix: 05-822814 

NORTH WEST TERRITORIES 

MATROX ELECTRONIC SYSTEMS LTD. 
5800 Andover Avenue 

'T.M.R., Quebec 
H4T 1H4 
Tel: (514) 735-1182 
Tix: 05-825651 

NOVA SCOTIA 

TRACAN ELECTRONICS CORP. 
6600 Trans-Canada Highway 
Suite 540 
Pointe Claire, Quebec 
H9R 4S2 
Tel: (514) 694-5343 
Tix: 05-822814 
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ONTARIO 

TRACAN ELECTRONICS CORP. 
1200 Aerowood Drive 
Suite 46 
Mississauga, Ontario 
L4W 2S7 
Tel: (416) 625-7752 
Tix: 06-961366 

TRACAN ELECTRONICS CORP. 
1419 Carling Avenue 
Suite 3 
Hampton Park Place 
Ottawa, Ontario 
K1Z 7L7 
Tel: (613) 722-7667 

PRINCE EDWARD ISLAND 

TRACAN ELECTRONICS CORP. 
6600 Trans-Canada Highway 
Suite 540 
Pointe Claire, Quebec 
H9R 4S2 
Tel: (514) 694-5343 
Tix: 05-822814 

QUEBEC 

TRACAN ELECTRONICS CORP. 
6600 Trans-Canada Highway 
Suite 540 
Pointe Claire, Quebec 
H9R 4S2 
Tel: (514) 694-5343 
Tix: 05-822814 

SASKATCHEWAN 

MATROX ELECTRONIC SYSTEMS LTD. 
5800 Andover Avenue 
T.M.R., Quebec 
H4T 1H4 
Tel: (514) 735-1182 
Tix: 05-825651 

YUKON 

MATROX ELECTRONIC'SYSTEMS LTD. 
5800 Andover Avenue 
T.M.R., Quebec 
H4T 1H4 
Tel: (514) 735-1182 
Tix: 05-825651 
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