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SAFETY PRECAUTIONS

The following are general safety precautions not related to any
specific procedure and therefore do not appear elsewhere in this
manual. These are recommended precautions that must be understood and
applied during installation or maintenance of the terminal controller.

AVOID LIVE CIRCUITS

Observe all safety regulations at all times. Do not replace
components in the terminal controller power panel assembly with power
applied.

RESUSCITATION

when working with or near high voltages, be familiar with modern
resuscitation methods.

Primary power (100 Vac to 240 Vac) is
present at the power panel assembly.
Line voltage of 115 Vac is present at
the power supply. Always turn off
terminal controller and pull power plug
before moving any cabinet- or chassis-’
mounted component.

TERMINAL CONTROLLER PROTECTION

Circuit card assemblies in the terminal controller can be damaged

by transient surges.
CAUTION

Always turn off terminal controller
before removing or installing any
circuit card.

SPECIAL HANDLING FOR MOS DEVICES

MOS devices are subject to damage caused by static charges.
Assemblies that contain MOS devices are mapping memories and timing
module. When not installed in the card cage, these assemblies should
be stored in black Velostat bags with the MOS warning statement
printed on the outside of the bag.

vii



Always handle these cards only by the
card extractors or by the edges of the
connector. Aveoid touching the card
cemponents or the printed circuit.

'SPECIAL HANDLING FOR UV EPROMS

UV EPROMs are subject to damage by ultra violet radiation

(including sunlight and some fluorescent lamps). Do not remove the
paper cover from the sensitive area of the device. When not installed
in the card cage, store the card assemblies in light-proef bags. Card
assemblies that contain UV EPROMs are the digital graphic controller
and expansion module.

viii

This equipment generates, uses, and can

radiate radio frequency energy; and if
not installed and used in accordance
with the instructions manual, may cause
interference to radio communications.

It has been tested and found to comply
with the limits for a Class A computing
device pursuant to Subpart J of Part 15
of FCC Rules, which are designed to pro-
vide reasonable protection against such
interference when operated in a com-
mercial environment. Operation of this
equipment in a residential area is like-
ly to cause interference, in which case
the user at his own expense will be re-
quired to take whatever measures may be
required to correct the interference.

NOTE

The GRAPHIC 8 was tested and found to
comply with the limits for a Class A
computing device with the terminal con=-
troller installed in a model 7895 equip=-
ment cabinet. If the user does not pro-
cure the model 7895 equipment cabinet,
the user is responsible for providing an
installation with comparable shielding
qualities.
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SECTION 1

GENERAL INFORMATION

1.1 INTRODUCTION

The Sanders Associates, Inc. GRAPHIC 8™ is a high-performance,
intelligent computer graphics terminal system incorporating refreshed
raster display technology. It is designed to interface a host com-
puter and to support operator CRT display monitor stations configured
with interactive devices such as keyboards, trackballs, forcesticks,
and data tablets. It can also produce permanent hard copy records of
displayed data.

The GRAPHIC 8 features a dynamic display update via a double re-
fresh buffer memory technique, and supports up to four CRT display
monitors. Resolutions of 512 x 512, 640 x 480, 1024 x 768
(interlaced) or 1024 x 1024 (interlaced) are available. Both color
and monochrome versions are offered with up to 8 bits per pixel to
provide as many as 256 simultaneous colors or monochrome intensities
(or 128 plus blink).

The GRAPHIC 8 display processor is a general purpose digital
computer with a set of over 400 instructions that controls a variety
of functions to reduce the loading on the host computer. In ccmbina-
tion with the host computer, the GRAPHIC 8 system permits the user to
display digital data in a visual format on the CRT display monitor and
to interact with the displayed image by means of keyboards, force-
sticks, trackballs, data tablets, and PHOTOPENs®. Its high perform-
ance and intelligence make it well suited to a variety of applica-
tions, such as CAD/CAM, simulation and training, command and control,
cartography, and many others.

1.2 COMPONENT DESCRIPTION

The basic GRAPHIC 8 system (figure 1l=1) consists of a terminal
controller (figure 1-2) and a monitor. The basic system can be
expanded to include a wide variety of options and enhancements.

1.2.1 TERMINAL CONTROLLER. The GRAPHIC 8 terminal controller con-
sists of a rack mountable card cage and a power supply. As shown in
figure 1-3, the cards are interconnected by a processor bus and a
graphic bus. The size of controller selected is based on the four
following major considerations:

"GRADHIC 8 13 a trademark of Sanders Associates, Inc.:
®PHOTOPEN is a registered trademark of Sanders Associates, Inc.
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1. Color or moncchrome

2. Number of simultaneous colors or intensities
3. Resolution of the display image

4. Number of display stations per controller

The basic GRAPHIC 8 terminal controller consists of a l7-slot
card cage with integral power supply. Six of the slots are for the
processor cards, one slot is for the digital graphics’ controller, one
slot is for the timing module, and the remaining nine slots are for
mapping memory and video controller cards. '

An optional, 25-slot card cage with separate power supply and
control panel is also available. Twelve of the slots are for the
processor cards, one slot is for the digital graphic controller card,
one slot is for the timing module, and the remaining eleven slots are
for mapping memory and video controller cards.

The following paragraphs give a brief description of each type of
circuit card available for use with the GRAPHIC 8 terminal controler.

1.2.1.1 Display Processor. The display processor card is a general
purpose digital computer that runs the control program and acts as
master control for all devices connected to the processor bus. It
contains multiple high-speed general=-purpose registers that can be
used as accumulators, pointers, index registers, or auto-indexing
pointers in auto-increment and auto-decrement modes. Functions per-
formed by the display processor card include system initialization,
interface handling, local data editing, and local generation of simple
display images.

Instructions used for the display processor emulate the instruc-
tion set for the PDP-11/34@ manufactured by Digital Equipment Corpora-
tion (DEC®). They are fetched either from the control program in
read-only memory on the ROM and status logic card or from the read/
write memory.

An 8-bit configuration switch register on the display processor
is program readable from octal location 177774. The switches may be
set to an octal value and read like any other memory location. The
four least significant bit switches are usually set to represent port
assignments for keyboard and position entry devices. A second switch
on the display processor allows the circuit to operate at either a
400-nanosecond or a 300-nanosecond cycle time.

1.2.1.2 Read/Write Memory. The GRAPHIC 8 system can accommodate up
to 256K words (512K bytes). of read/write memory. Two card configur-
ations are available: 64K words and 256K words. Also available are

®PDP and DEC are registered trademarks of Digital Equipment
Corporation ~

1-5



depopulated versions of these two configurations. The GRAPHIC 8 can
thus be fitted with one or two of the 64K word cards, Or one 256K word
card.

Those devices in the card cage that have 18-bit address lines
(such as the digital graphic controller) can directly access addresses
up to 128K, less certain addresses which are reserved for other
functions. For example, 0 to 4K is reserved for interrupts and vector
trap addresses, while 24K to 32K is reserved for the operating program
and device addresses. : '

The display processor also has an 18~bit address line, giving
direct access to 128K words, less the reserved locaticons. 1In
addition, the display processor can use the page registers on the
read/write memory cards to access addresses above 128K and toc access
memory locations with the same addresses as the reserved locations.

Figure 1-4 shows how the GRAPHIC 8 system memory may be mapped
into 4K, 8K, or 16K word blocks.

1.2.1.3 ROM and Status Logic. The ROM and status logic card contains
the read-only memory in which the program used to control the display
processor is stored. Also contained on the card are display status
and interrupt logic circuits plus a serial interface port to which a
teletypewriter may be connected for diagnostic purposes. Like read/
write memory, read-only memory may be accessed to retrieve either
16-bit words or individual 8-bit bytes.

The standard read-only memory provided on the ROM and status
logic card contains the Graphics Control Program (GCP+) in firmware.
GCP+ occupies approximately 7.5K words of read-only memory. GCP+
handles communications with the host computer, controls data entry
devices, and performs built-in test routines. These functions reduce
the software requirements for the host computer. Optionally available
firmware further reduces the software requirements for the host
computer. However, these programs are substantially different from
GCP+.

1.2.1.4 Multiport Serial Interface. The multiport serial interface
card contains four serial interface ports that operate in a serial
asynchronous mode using RS-232C or TTL voltage levels with standard
transmission rates up to 9600 baud. Additionally, the first port can
be operated as a full RS-232C asynchronous interface at transmission
rates greater than 9600 baud. For GCP applications, the maximum
transmission rate supported is 9600 baud. Normally, the host computer
is connected to the first port, which is compatible with the standard
communication and terminal interfaces supplied by most computer
manufacturers. The remaining three ports on the card are used for
peripheral devices.

1.2.1.5 High-Speed Serial Interface. An opticnal, high-speed serial
interface, designed for bit stream-oriented packet switching networks,
is also available for the GRAPHIC 8. The high-speed serial interface
supports the Consultative Committee for International Telephony and

1-6
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¥ OCTAL
. PAGE # EFFECTIVE ADDRESSES

MEMORY BANK 1A
) ] RESERVED 000000:017776
K 1 MAP AREA 1 020000:037776
2 MAP AREA 2 040000:057776
3 MAP AREA 3 060000:077776
% 100000:117776
5 120000:137776
6 GCP (ROM) 140000:157776
7 DEVICE ADDRESSES 160000:177776
10 700000:217776
i1 220000:237776
12 240000:257776
13 2600002277776
1% 300000:317776
15 320000:337776
16 140000:357776
17 360000:377776

MEMORY BANK 2B
20 400000:417776
.21 420000437776
22 440000657776
23 460000:477776
7% 500000:517776
25 520000:537776
26 540000:557776
27 $60000:577776
) 5000003617776
. 3 $20000:637776
32 640000:657776
33 660000:677776
T4 700000:717776
35 720000:737776
36 740000:757776
37 760000:777776

MEMORY BANK 3C
40 000000:017776
41 020000:037776
42 0460000:057776
43 060000:077776
¥ T00000:11/776
45 120000:137776
46 140000:157776
47 160000:177776
50 200000:217776
51 220000:237776
52 240000:257776
53 260000:277776
54 300000:317776
55 320000:337776
56 340000:357776
57 360000:377776

MEMORY BANK 4D
60 400000:417776
61 420000:437776
62 440000:457776
63 460000:4677776
64 500000:517776
65 520000:537776
: 66 540000:557776
67 560000:577776
. 70 500000:617776
' 71 620000:637776
" 72 640000:657776
- . 73 660000:677776
74 700000:717776
75 720000:737776
7% 740000:757776
4 77 760000:777776

! Figure 1-4.

Wm

32K WCRDS

64K WORDS

128K WORDS

192K WORDS

256K WORDS

4K WORD MAPPING

Page Registers:
A - address 172342

8
(Area 1)

B - address 1723&48
(Area 2)

C - address 172366s
(Area 3)

Page Register Format:

(4K Word Octal Page Number)

N

5. B, D, 1D, D, 5,

5 4 3 2 1 0

NOTE

4K word mapping is supported
by Sanders Graphics Control
Program (GCP).

H-82-0178-004A

GRAPHIC 8 System Memory Map (Sheet 1 of 3)



OCTAL : (
PAGE # EFFECTIVE ADDRESSES 8K WORD MAPPING :
MEMORY BANK 1 E
o RESERVED 000000:017776 Page Registers: _ ' i
MAP AREA 1 \. 020000:037776 s :
040000:057776 : A ~ address 172342 ; . i
1 . MAP AREA 2 060000:077776 (Area 1) 8
2 ~100000:117776 ea . -
. 1200003137776 5 - Not used i [
3 GCP (ROM) 1400003157776 . {1
DEVICE ADDRESSES 160000:177776 12K WORDS s
T ‘ 266000:217776 C ~ addrass 172346,
220000:237776 {Area 2) . [
" 340000:257776 i
260000:277776 Page Register Format: {
8 700000: 317776 . -
3200002337776 (8K Word Octal Page No.) X
7 350000: 357776 '
_ _..360000:377776 64K WORDS D. ©,_ D. D, D D
WEMORY BANK 2 ' 5006 3y 2 L0 !
10 400000:417776 % = Don't Care
4200001637776 ) .
" 440000:457776 , v I
) 460000:477776 A
12 5G0000:517776 ~ 3
520000:537776
13 540000:557776 : E
) 560000577776 : .
1% 500000:617776 1
‘ 620000:637776 -
15 B 5%0000:657776
v 660000:677776 N
16 7000003717776 ( o
720000:737776 o i
17 7400002757776 =k
om———————— 760000:777776 128K WORDS 8K word mapping is NOT .
HEMORY BM{K 3 supported by Sanders Graphics f
20 ggggggg;;;;g Control Program (GCP). A
1 040000:057776
°t . 060000:077776 . 1
22 100000:117776 ' |
120000:137776 i
7 140000:157776
160000:177776
2% 200000:217776 l )T
220000:237776 :
T 240000:257776 v
260000:277776
oy 300000:317776 ‘»
320000:337776 [
7 3400002357776 4
360000:377776 192K WORDS ‘
MEMORY BANK 4
10 400000:417776 !
420000:437776 :
a1 540000:457776 o
460000:477776
32 500000:517776 -
520000:537776 - ;
1 5400002557776 ;
560000:577776
” 600000:617776 i
£20000:637776 I
35 540000:657776 |
. 660000:677776 :
% 700000:717776
720000:737776
3 7600004777776 | |
. |
236K WORDS H-82-0176-0048 2
N . i,
Figure 1l-4., GRAPHIC 8 System Memory Map (Sheet 2 of 3) ‘
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OCTAL
PAGE #

EFFECTIVE ADDRESSES

_MEMORY BANK 1

'RESERVED 000000:017776
MAP AREA 020000:037776
% 040000:057776

060000:077776

100000:117776
. 120000: 137776
{GCP (ROM) 140000:157776
DEVICE ADDRESSES 160000:177776

200000:217776
220000:237776
240000:257776
260000:277776

300000:317776
320000: 337776
340000:357776
360000:377776

MEMORY BANK 2

400000:417776
420000:437776
440000:457776
660000:477776

500000:517776
520000:537776
540000:557776
__560000:577776

600000:617776
620000:637776
640000:657776
660000:677776

700000:717776
720000:737776
740000:757776
760000:777776

10

MEMORY BANK 3

000000:017778
020000:037776
040000:057776
060000:077776

11

100000:117776
120000:137776
140000: 157776
160000:177776

12

200000:217776
220000:237776
240000:257776
260000:277776

13

300000:317776
320000:337776
340000:357776
360000:377776

14

MEMORY BANK 4

400000:417776
420000:437776
440000:457776
460000:477776

15

500000:517776
5200002537776
540000:557776
560000:577776

16

600000:617776
620000:637776
640000:657776
660000:677776

17

700000:717776
720000:737776
740000:757776
760000:777776

Figure 1-4.

16K WORDS MAPPING

Page Registers:

A - Not used
B - Not used
C - address 1723A68

Page Register Format:

32K WORDS
’ (16K Word Octal Page Number)
e X X
D5 'DA D3 DZ Dl D0
X = Don’t Care
64K WORDS
NOTE
16K word mapping is NOT
supported by Sanders Graphics
Control Program (GCP).
128K WORDS
192K WORDS
256K WORDS H-82-0176-004C

GRAPHIC 8 System Memory Map (Sheet 3 of 3)
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Telegraphy (CCITT) X.25 protocol and operates‘in~fullQGupleX»at up to
56 kilobaud. : : ‘

The high-speed serial interface uses two cascaded, 4-bit micro=-
processor slices. In addition, a large scale integrated circuit (LSI)
data link controller on the interface performs full cyclic redundancy
checking (CRC) and zero insertion and deletion. Microprogram control
storage. for the interface is provided by on-board ROM. However, the
high-speed serial interface also requires the use of the EPROM expan-
sion module described in paragraph 1.2.1.13. The EPROM expansion
module stores the additional software needed for the GRAPHIC 8 to
handle input/output via the high-speed serial interface.

The electrical characteristics of the highwspeediinterfacef
conform to EIA standard RS449. ‘ ’

1.2.1.6 Parallel Interface. Use of an optional GRAPHIC 8 parallel
interface allows high-speed host-to~GRAPHIC 8 communications, with
handshaking. The various parallel interface cards available are
intended for applications where the GRAPHIC 8 is located in proximity
to the host. All parallel interface signals are TTL-compatible.
Under program control, the interface operates in either an interrupt
driven or a DMA mode. In the latter mode, the interface operates at
speeds up to 500,000 1lé-bit words/second. If a parallel interface
card is installed in the terminal controller, GCP+ assumes that it is
connected to the host computer. Therefore, if serial communication
with the host computer is desired, a parallel interface card cannot be

connected to the processor bus.

NOTE

Normally, if a parallel interface port
is used, a single parallel interface
card (for the host computer) is install-
ed in the terminal controller. For
special applications, however, two
parallel interface cards may be install-
ed, but are not supported by the
standard Graphics Control Program.

1.2.1.7 Digital Graphic Controller. The digital graphic controller
is a microprocessor with more than 50 instructions committed to ROM.
It retrieves display update instructions from read/write memory,
generates vectors, characters, conics, point plots, and fills, and
stores these in mapping memory in raster-scan format. The complete
series of sequential instructions that defines any particular display
image is referred to as a refresh file.

The digital graphic controller may be considered as a device on
the processor bus of the terminal controller. It contains its own set
of registers that maintain instruction address, control fetch opera-
tions, and perform any branching that may be specified by non-graphic
instructions. It also calculates relative data when required, loads
data into appropriate registers, and initiates execution of refresh
file instructions. ' ‘

1-10
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Status bits of the digital graphic controller are maintained by
circuits on the ROM and status logic card. These bits plus the
graphic controller registers are accessible to the display processor
which maintains control over the entire terminal controller.

The digital graphic controller also performs character
generation. The basic set of characters supplied is a standard set of
96 ASCII characters. When the ASCII code corresponding to the desired
character is applied to the read-only memory, the character is drawn
at the position specified by the current position for X and Y.

As determined by instructions from the digital controller,
characters of three different sizes can be generated. Typically, the
digital graphic controller generates a 7 x 9 pixel character set or a
5 x 7 pixel character set. Characters may also be rotated 90 degrees
counterclockwise to accommodate vertical writing requirements. Both
normal and rotated characters can be made to blink.

Read-only memory for six groups of 16 characters can be added to
provide a total of 192 standard and special characters that can be
produced by the GRAPHIC 8.

1.2.1.8 Mapping Memory. The mapping memory contains pixel data in a
format which allows display refresh in a raster scan mode. The
mapping memory may be configured for various resolutions 'up to 1024 x
1024 (see figure 1l-5) and for interlace or non-interlace refresh. A
single memory board can be supplied with a capacity of over four
million bits. Up to eight bits can be combined per pixel to provide
256 possible colors or intensity levels.

A dual mapping memory configuration provides high-speed dynamic
update of data. The dual memory concept allows the hardware to clear
and update one memory while the second memory is refreshing the
display. When the next update occurs, the roles of the two memories
are reversed so that the previously updated memory now becomes the
refresh memory.

Additional mapping memory cards may be connected in parallel, as
needed, to provide the required resolution or number of bits per
pixel.

1.2.1.9 Video Controller. The video controller obtains data from the
mapping memory and tormats it, for presentation on the display
monitor(s). Outputs are provided as either RGB color or monochrome
and as composite video.

External video may be accepted by the video controller and
logically ORed with internally-generated video. A single video
controller can accommodate up to eight bits per pixel.

The video controller generates one non-destructive, full screen,

crosshair cursor and contains the cursor address registers which are
accessible to the user. It controls the split screen function which
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allows the user to divide the display face into two or three variable=-
height horizontal bands .and £ill these bands with data from anywhere
in addressable mapping memory. This feature allows the user to
simultaneously view up to three separate areas of mapping memory which
are not necessarily contiguous.

The video controller contains a 256 x 8-bit word RAM look-up-
table (LUT) which allows pseudo=-color or pseudo-gray level
transformation to be made.

1.2.1.10 Timing Module. The timing module generates all display-
related timing signals as well as the necessary synchronization
signals for the monitors. On-board switches allow selection for
compatible operation with the possible resolutions and refresh
frequencies.

1.2.1.11 2D Coordinate Converter. The optional 2D coordinate
converter permits programmed rotation and translation of the image on
the CRT display. Rotation commands cause 0 degrees to 360 degrees
rotation about any point in the display area. Rotation may be either
clockwise or counterclockwise. Translation commands cause the image
to move anywhere in the display area. Rotation and translation can be
used independently, or translation can follow rotation. Rotation and
translation affect only the selected elements of the display
presentation, independent of the rest of the display.

1.2.1.12 3D Coordinate Converter. The optional 3D coordinate
converter converts a sanders graphic display into a three dimensional
display capable of independent dynamic manipulation of objects in
apparent space. Among the functions provided by the 3D coordinate
converter are translation, scaling, rotation, windowing, independent
display coordinate mapping, perspective, and zooming with perspective.

The perspective feature is especially useful for realistic view=-
ing of an object. Utilizing perspective, the location of the viewer
is defined relative to the image space, and all lines and objects
within the image space are then viewed at the proper perspective for
that location. The view may be completely orthographic if the viewer
does not wish to use the perspective feature.

Objects can be defined within a 64K (X), 64K (Y), by 32K (2)
image space and presented on a lK by 1K screen or any portion thereof.
Translations can be made within the limits of the image space and
scaling range is 64 to 1. Rotation can be provided about any axis.

3D windowing, in conjunction with independent screen coordinate
mapping, allows the presentation of any data within a software defin-
able X, ¥, 2 image space to be presented on the full screen or any
portion of the screen. Zooming is accommodated by scaling and
changing the user's apparent perspective viewpoint.

Alphanumeric data can be moved about the screen with vector
defined data without scaling and rotation.

1-13



The 3D coordinate converter provides for both homogeneous and
non-homogenecus matrix operation. Also, transformations of 2D images
can be accomplished including translation, rotation, scaling, and
windowing.

1.2.1.13 EPROM Expansion Module. As options are added to the GRAPHIC
8, the additional sortware required to handle the options is stored on
the EPROM expansion module.

The expansion module may contain up to 32K l6~bit words of non-
volatile read-only memory (EPROMs).  The data may be loaded from the
expansion module automatically by pressing the SYSTEM button or when
so instructed by the host, depending on the options stored.

1.2.2 INPUT DEVICES. Optional data input devices for the GRAPHIC 8
give the operator two-way interaction with the display and processing
system. Input devices available include various keyboards, a track-
ball, a forcestick, a data tablet, and a PHOTOPEN. The standard
control program in firmware can support up to eight keyboards, eight
position entry devices (trackball, forcestick, or data tablet), or two
PHOTOPENs. 1In addition, a teletypewriter or paper tape reader can be
connected to the GRAPHIC 8 for the input of maintenance data.

1.2.2.1 Keyboards. Standard keyboards available for the GRAPHIC 8
are the Model 5782 and Model 5784 keyboards. The keyboards contain a
main block of alphanumeric keys plus a matrix and a row of function
keys. ' o

The Model 5783 keyboard offers an alphanumeric block of 58 keys.
These keys generate standard seven-bit ASCII codes with an eighth
(MSB) bit always set to 1. The alphabetic keys generate both upper
and lower case codes. A four-by-four matrix of function keys is
located to the right of the alphanumeric block and a row of 16
function keys is located immediately above the alphanumeric block.
Each function key generates a single eight-bit octal code from 000 to
037.

An added feature of the Model 5784 keyboard is that each function
key contains an LED that can be lighted or turned off as required
under program control. The Mcdel 5784 also has provisions for addi-
tional keys to the basic board. These keys are for future expansion
and are located on both sides of the space bar.

The keyboards operate at a rate of 9600 baud and interface to the
terminal controller via ports on the multiport serial interface card.

1.2.2.2 Trackball, Forcestick, and Data Tablet. The trackball,
forcestick, and data tablet are referred to as PEDs (position entry
devices). These devices are used as determined by program control to
move a cursor and/or data displayed on the CRT screen. Movement
initiated by the trackball is proportional to the speed and direction
in which the trackball is rolled. Movement initiated by the
forcestick is proportional to the direction and force with which the
forcestick is deflected. Movement initiated by a data tablet is

1-14
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proportional to the speed and direction in which the data tablet pen
is moved along the data tablet surface. PEDs are connected to the
system via ports on the multiport serial interface card(s) in the
terminal controller.

1.2.2.3 PHOTOPEN. The PHOTOPEN is a small hand-held device that
detects light from data displayed on the CRT of a display monitor.
Detected light is converted into an electrical impulse to identify the
specific data at which the PHOTOPEN is pointed. The excellent resolv-
ing capability of the PHOTOPEN enables individual characters and even

" displayed points of light to be distinguished.

L3

A switch in the PHOTOPEN is actuated when the PHOTOPEN is pressed
against the CRT screen. Actuation of this switch causes the data
sensed by the PHOTOPEN to be processed as determined by program
control.

1.2.2.4 Maintenance Data Input Devices. A teletypewriter and/or a
paper tape reader can be connected toc the GRAPHIC 8 to input data for
maintenance purposes. The teletypewriter is normally connected to a
port on the ROM and status card in the terminal controller while the
paper tape reader is connected to one of the ports on a multiport
serial interface card. The teletypewriter serves basically as a
troubleshooting aid. The paper tape reader is used to load special
user or diagnostic programs into the GRAPHIC 8.

1.2.3 OUTPUT DEVICES. The standard output device for the GRAPHIC 8
is the CRT display monitor. A hardcopy unit is available as an
optional device. Using the same signals that go to a standard display
monitor, the hardcopy unit can produce a duplicate on paper of any
static image displayed on the CRT of the display monitor. Operation
of the hardcopy unit is controlled manually.

An optional hardcopy multiplex switch is available. The
multiplex switch is capable of interfacing up to four GRAPHIC 8
terminal controllers to a single hardcopy unit.

1.2.3.1 Display Monitors. The GRAPHIC 8 offers the user a choice of
configuration of various CRT monitors (both monochrome and color) to
provide the right monitor for the intended application.

Positions on the screen are specified in terms of a matrix
containing 2048 coordinates in the X dimension and 2048 coordinates in
the ¥ dimension. Two's complement notation is used to designate the
coordinates with location 0, 0 being defined as the center of the
screen. Of the 2048 by 2048 addressable locations, the displayable
area comprises the field of coordinates centered about the middle of
the screen. Refer to figure 1-5 for different screen resolutions.

1.2.3.2 Hardcopy. Both monochrome and color hardcopy devices are
available for use with the GRAPHIC 8.



1.3 TERMINAL CONTROLLER PHYSICAL DESCRIPTION

The terminal controller comprises a card cage, a power supply,
two fans, a control panel, and a protective cover mounted on the back.

The terminal controller may be mounted either in a standard
19~inch equipment rack, an optional cabinet, or an optional desk
assembly.

The circuit cards are inserted into the card cage from the front
of the terminal controller, and plug into a wire-wrapped backplane.
The blower fans, located beneath the card cage, draw air from the
pottom of the unit and discharge the air through the top.

The terminal controller can operate with 100V -~ 120V or 220V -
240V ac input power. An input power control panel (located in a lower
front of the equipment cabinet) contains a fuse, a power receptacle,
and a removable configuration plug. The configuration plug must be
wired for the proper voltages. The power panel contains two outlets.
One outlet is live when the circuit breaker is ON. The other ocutlet
is live when the circuit breaker is on and a control signal is applied
through a connector (P2) on the power panel.

Both a standard, l7-slot card cage and an optional, 25=-slot card
cage are available. The following paragraphs describe each of these
terminal controller configurations in more detail.

4 1.3.1 STANDARD CARD CAGE. The card cage supplied for a particular

§ installation is selected as a function of the number of monitors to be
f driven and the number of cards on the processor bus. See figure 1-6

§ and table 1-i.

Table l-1. Standard Card Cages

CARD CAGE - BACKPLANE

PART NO. 7 CHARACTERISTICS o SEE FIGURE ‘ DGM

5977184G1 Single monitor, 4 slots avail- A, figure 1-6 5977185 in
able for read/write memory H-81-0097
and processor bus options Rev A

5977184G2 Three monitors, 4 slots avail- B, figure 1-6 5977296
able for read/write memory ’
and processor bus options

5977184G3 Four monitors, 4 slots avail- c, figure 1-6 5802978
able for read/write memory
and processor bus options

5809900G1 Two monitors, 7 slots avail- D, figure 1-6 5809899
able for read/write memory
and processor bus options
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mable l-1. Standard Card Cages (Cont)

CARD CAGE _ BACKPLANE
PART - NO. CHARACTERISTICS SEE FIGURE DGM

5809900G2 Single monitor, 7 slots avail~ E, figure 1-6 5809850
able for read/write memory
and processor bus options

Teenrt o

The card cage assembly number appears at the rear of the card
cage, below the power supply (see F, figure 1-6).

On the standard card cage, the terminal controller control panel
e covers the front of the unit and must be removed for access.

Table l-1lA lists the physical characteristics of the standard
card cage and circuit cards.

1.3.2 EXTENDED CARD CAGE. The extended card cage typically contains
a minimum of eleven circuit cards. Additional cards may be inserted
as required.

The low voltage power supply and controls and indicators for the
extended card cage are mounted on a separate panel. This allows
unobstructed access to the circuit cards, as needed for adjustment or
troubleshooting.

Table 1-lA. Standard Card Cage Physical Characteristics E

TERMINAL CONTROLLER

Height 10.5 inches (26.8 cm)

Width | 19.0 inches (48.2 cm) including mounting
flanges

Depth 16.0 inches (40.6 cm)

Weight 55 pounds (25 kg) including circuit

cards

CIRCUIT CARDS

Height 12-3/8 inches (31.4 cm)

width 7-3/4 inches (19.7 cm)

Figure 1-7 shows the circuit card order assumed for a full
complement of circuit cards.

- Table 1-2 lists the physical characteristics of the extended card
© cage and circuit cards.
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Table 1-2. Extended Card Cage Physical Characteristics

TERMINAL CONTROLLER

Height 10.5 inche§ (26.8 cm)

width 19.0 inches (48.2 cm) including mounting
flanges

Depth 14.25 inches (40.6 cm)

Weight 55 pounds (25 kg) including circuit
cards :

CIRCUIT CARDS

Height 12.375 inches (31.4 cm)
width 7.75 inches (15.7 cm)

LVPS AND CONTROL PANEL

Height 8.72 inches (22.25 cm)

Width 19.0 inches (48.2 cm) including mounting
' flanges

Depth 5.25 inches (13.35 cm) .

Weight 20 pounds (3.9 kg), maximum

1.4 INPUT DEVICES PHYSICAL DESCRIPTION

A variety of input devices are available for use with GRAPHIC 8
systems. These include several keyboards, a trackball, a forcestick,

"a” data tablet, and a PHOTOPEN. The following paragraphs describe each

of these input devices in more detail.

1.4.1 KEYBOARD PHYSICAL DESCRIPTION. Three keyboard models are
currently available for use with GRAPHIC 8 systems: models 5783,
5784, and 5789.

1.4.1.1 Model 5783/5784 Kevboards. Each model 5783 or 5784 keyboard
is self contained in a cast aluminum housing, designed for desk top or
similar use. Figure 1-8 shows a typical keyboard.
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The kevboard contains three separate key sets:

Figure 1-8.

Typical Model 5783/5784 Keyboard

NEG 79-458-002
H-82-0176-008

a main block of

55 ASCII alphanumeric, symbol, and special purpose keys; a four-by-~
four matrix of 16 function keys to the right (the matrix keyboard);
and a row of 16 function keys across the top (the function®keyboard).

Both the model 5783 and the model 5784 keyboad have a lamp in the

CAPS LOCK key.
in each matrix key and each function key.

In addition, the model 5784 keyboard contains a lamp
Table 1-3 lists the

principal differences between different versions of the model 5783 and
model 5784 keyboards.

Table 1-3. Principal Differences Between Keyboards

LOCAL MODE | AUDIBLE TTY
MODEL LOGIC TYPE KEYBOARD CONTROL ALARM EMULATOR
5783 Discrete Flat No No No
RAM/RCM
5783A Microprocessor Flat Yes No Yes
57838 Microprocessor Stepped Yes Yes Yes
5784 Discrete Flat No No No
RAM/ROM
5784A Microprocessor Flat Yes No Yes
- 5784B Microprocessor Stepped Yes Yes Yes
1-20
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The keyboard interfaces with the terminal controller through one
of the terminal controller's serial interface ports. An adapter cable
is required between the keyboard cable and the serial interface port
connector. No adapter is required when the keyboard cable goes to the
system interconnect panel. Refer to Section 3 for details. All power
required to operate the keyboard is supplied by the terminal
controller.

Table 1-4 lists the keyboard specifications. The model 5783 and
model 5784 keyboards are commercial units built to Sanders'
specifications. The units are supplied under manufacturer's warranty
to Sanders and are not considered field maintainable. :

Table l-4. Model 5783/5784 Keyboard Specifications

PARAMETER ' CHARACTERISTIC

Alphanumeric keys 55, momentary action, of which 50 are
upper and lower case

Matrix keys 16, momentary action
'Function keys 16, momentary action
Power +5V, +1%, 750 mA max

+15V, +1%, 50 mA max

Qutput levels Logic low is 0.0 to +0.45V

Logic high is +2.45 to +5.25V
Output signal Serial, RS-232 compatible,
characteristics negative true

® Rest = low
® Logic 1 = low

® Code = 10 bit (one start bit,
eight data bits, one stop bit)

Maximum cable length Model 5783 - 50 feet :

(keyboard to terminal Model 5784 - 100 feet with external

controller) +5V power supply :

Operating temperature +4°C to +49°C (40°F to 120°F)

range

Storage temperature range -40°C to +60°C (=-40°F to 140°F)

Humidity 5% to 95%, non-condensing

Storage pressure range 483 mm Hg to 813 mm Hg (19 to 32
inches Hg)
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Table 1-4. Mcdel 5783/5784 KReyboard SpecifiCations (Cont) o [ j
PARAMETER CHARACTERISTIC ‘:,j
Diménsions 475 mﬁ wide by 206 mm deep by 94 mm l,?

‘ high (18.75 by 8.1 by 3.7 inches) -
Weight 3.2 kg (7_lbs.)‘ | ( 7 | 3
1;4.1.2- Model 5789 Keyboard. The model 5789 alphanumeric, fixed : B

function, programmable tunction keyboard {(AN/FF/PFK) is self contained
in an aluminum housing, designed for desk top or similar use. Figure i
1-9 shows the AN/FF/PFK keyboard. -
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Figure 1-9. Model 5789 Keyboard B

The keyboard contains three separate key sets: a main block of ,
75 ASCII alphanumeric, symbol, and fixed function keys; a four~by-four L
matrix of 16 programmable function keys to the right (the matrix
keyboard); and a row of 20 programmable function keys across the top ]
(the function keyboard). In addition, 12 of the keys in the top row ‘
of the main block are also programmable, making 48 programmable B
function keys in all. )

Each key (except the SHIFT, ALT, and LOCK keys), when pressed,
causes a 10-bit code to be generated and sent to the multiport serial :
interface in the terminal controller. The 1l0~bit code consists of a ,
start bit, eight data bits, and a stop bit. The least significant -bit !
of the eight data bits is sent first,. the most significant bit last. |
The serial data has the following characteristics: e
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