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SAFETY PRECAUTIONS

The following are general safety precautions not related to any specific pro-
cedure 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.
WARNINGI

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 removing any cabinet- or
chassis-mounted component,

TERMINAL CONTROLLER PROTECTION

Circuit card assemblies in the terminal controller can be damaged by transient
surges.,

R

CAUTION]

PN

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

Always turn down brightness of display
indicator before removing or installing
any circuit card in terminal controller.

SPECIAL HANDLING FOR MOS DEVICES

MOS devices are subject to damage caused by static charges. Assemblies that )
contain MOS devices are the D/A converters and character generator. 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.

R

| CAUTION

Always handle these cards only by the card
extractors or by the edges of the connector.
Avoid touching the card components or the
printed circuit.
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SECTION 1

GENERAL INFORMATION

1.1 INTRODUCTION

The GRAPHIC 7® system is an intelligent interactive graphic display system
that is compatible with most computers. System output is a display image on a CRT
indicator.

The GRAPHIC 7 terminal controller (figure 1-1) is a fundamental component of the
GRAPHIC 7 system (figure 1-2).

The terminal controller is that component of the GRAPHIC 7 system that receives
instructions from the host computer and converts those instructions to X, Y, Z drive
signals that produce graphic displays on up to four display indicators. The displays
may consist of combinations of lines (vectors), conics, alphanumerics, and special
symbols. Displays may have a wide variety of formats: tabular, maps, diagrams, or
pictorial., The terminal controller determines the form of the display, the position
of the data, its intensity, size, orientation, and color.

When suitable options are provided, the terminal controller can impart motion
to displayed data in two or three dimensions.

The terminal controller is controlled either by a host computer or by the
terminal operator. The computer may be located near the terminal controller or remote
from it; in the latter case, modems may be required for communication.

Major assemblies of the terminal controller include two microprocessors, read-
only memory, random access read/write memory, vector and character generators, and

an output channel.

Various ancillary devices such as tape readers, position entry devices, alpha-
numeric/function keyboards, PHOTOPEN‘D, and hardcopy units are available as options.

1.2 PHYSICAL DESCRIPTION

The terminal controller comprises a card cage containing 17 circuit card slots,
a power supply, and two blower fans (figure 1-3). A control panel covers the front
of the unit; a protective cover is mounted on the back.

The terminal controller is mounted either in a standard 19-inch equipment rack
or in an optional cabinet (figure 1-4). 1In either case, the control panel is
removed for access into the terminal controller.

®GRAPHIC 7 and PHOTOPEN are registered trademarks of Sanders Associates, Inc.
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As shown in figure 1-3, 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 and power supply, draw air from the bottom
of the unit and discharge the air through the top. -

The basic terminal controller contains nine standard circuit cards. Optional
cards are inserted as required. Most applications use both the multiport serial
interface and the parallel interface cards. Other cards are available to expand the
read/write memory or provide special display functions.

Figure 1-5 shows the circuit card order assumed for this manual. The figure
indicates the normal locations for a full complement of circuit cards, .including the
optional interface cards and read/write memory expansion cards. The figure also
shows the optional circuit card extender located in the normally unused 1A1XA12
position. '

Table 1-1 lists the physical characteristics of the terminal controller and
circuit cards.

Table 1-1. ‘Physical Characteristics

TERMINAL CONTROLLER

Height 10.5 inches (26.8 cm)

Width 19.0 inches (48.2 em) including mounting flanges

Depth 16.0 inches (40.6 cm)

Weight 55 pounds (25 kg) including circuit cards (i
CIRCUIT CARDS

Height 12-3/8 inches (31.4 cm)

Width 7-3/4 inches (19.7 cm)

The terminal controller can operate with 100V - 120V or 220V .- 240V ac input

' power. An input power control panel (located in the 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.

1-4
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NOTE

The backplane wiring for the card cage is identical for card slots TA1XA1 through 1A1XAS,
making the designated card placement for those slots arbitrary. Except for the read/write
memory cards, the cards in these eight slots can be interchanged to reassign processor bus
control priorities as desired, with the bus control priority grant function being passed in card
slot sequence from the highest-priority slot (1A1XA1) toward the lowest=-priority card (graphic
controller TA1XA10), Relocatable cards must be placed in adjacent slots (1ATXA8, 1A1XA7,
1A1XA6, etc., in that order); leaving any one of these slots vacant would break the priority
chain, which could result in unit malfunction. The read/write memory cards are passive
circuits that are accessed by the processor bus but do not seize bus control; their grant outputs
never go false. Accordingly, read/write memory cards should be placed in available position
(usually spaced for better heat dissipation) toward the highest-priority slot.
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Figure 1-5. Terminal Controller Card Locations



1.3 FUNCTIONAL DESCRIPTION

The terminal controller circuit cards comprise two interconnected groups (see
figure 1-6):

Group 1 Group 2
Display processor Graphic controller (common to both
groups)

Read/write memory

Character generator
Read-only memory

Ramp generator (or ramp/conic
Graphic controller (common generator option)
to both groups)

. Y-axis D/A converter

Multiport serial interface

(optional) X-axis D/A converter
Parallel interface (optional) Output channel
Expansion module (optional) ' 2D coordinate converter (optional)

Floating point converter
(optional)

2D/3D coordinate converter
(optional)

Group 1 cards are interconnected by a common processor bus containing data,
address, and control lines. This group is controlled by the microprocessor on the
display processor card. - Group 1 cards handle communications with the host computer
and direct the operations of group 2 cards.

Group 2 cards are interconnected by a common graphic bus containing data and
control lines. This group is controlled by the microprocessor on the graphic con-
troller card, and directs the development of images on the display indicators and
associated hard copy unit.

The following paragraphs summarize the functions of the grbup 1 and group 2
cards.

1.3.1 GROUP 1 CIRCUIT CARDS

1.3.1.1 Display Processor. The display processor card is a general purpose digital
computer that runs the GCP+ and acts as master control for all devices connected to
the processor bus. It contains eight 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 performed by the display pro-
cessor include system initialization, interface handling, local data editing, and
local generation of simple display images.

1-6
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Instructions used for the display processor emulate the instruction set for the
PpP-11® series of minicomputers manufactured by Digital Equipment Corporation
(DEC®). They are fetched either from the GCP+ in read-only memory or from the read/
write memory.

1.3.1.2 ROM and Status Logic. The ROM and status logic card contains the read-only
memory in which the GCP+ used to control the display processor is stored (refer to
figure 1-7). Also contained on the card are display status and interrupt logic cir-
cuits plus a serial interface port to which the teletypewriter may be connected for
diagnostic purposes.

The standard read-only memory provided on the ROM and status logic card contains
the GCP+ program. The GCP+ is approximately 6.6K words (16 bits). Like read/write
memory, read-only memory may be accessed to retrieve either 16-bit words or individual
8-bit bytes.

1.3.1.3 Read/Write Memory. The basic configuration of a GRAPHIC 7 terminal control-
ler includes one card of random access read/write memory capable of storing 8192 16-
bit words. Two additional cards may be added to provide a total of 24,576 words of
read/wtite memory. = Locations in the read/write memory are assigned addresses 000000g
through 137777g and are accessed by means of a 16-bit address on the processor bus.
The 16-bit address can be used to access the location of a word (16 bits) or of an
individual byte (8 bits) as required. Refer to figure 1-7 for a GRAPHIC 7 system
memory map. '

NOTE

User refresh programs will not execute in
RAM memory in the 24K to 32K area (140000-
177777). This area is reserved for Sanders'
display processor option software. The
option software is loaded from the expansion
module or is down-loaded from the host.

A large read/write memory is available as an optional replacement for the 8K
memory. Each large memory card is capable of storing 65,53610 (64K) sixteen bit
words or 128K separately addressable 8-bit bytes. A maximum of two large memory
cards can be installed in a GRAPHIC-7 system for a total of 128K 16-bit words of
memory. (The large read/write memory card is also available in 16K and 32K word
sizes.)

The large read/write memory cards (options) cannot be used with the basic 8K
memory cards. The large read/write memory cards are described in Sanders' "Models
7702-7704 Large Read/Write Memory Technical Manual" (see Appendix C).

1.3.1.4 Expansion Module. ‘Additional memory option features are stored in EPROMs
on the expansion module card. The terminal controller can accommodate two such
cards. Each expansion module may contain up to 32 EPROMs, providing a maximum (per
card) of 32K 16-bit words of non-volatile memory storage.

Each group of two EPROMs represents a 2048 x 16-bit option group. This is the
smallest grouping in which options are supplied.

®p

DP and DEC are registered trademarks of Digital Equipment Corporation
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NOTE

Addresses listed are byte

addresses. Each 16-bit - 177777 N
word occupies two byte
addresses. The last digit }
in the address is always 1/0 DEVICE AREA
even when the system is DATA AND
in WORD MODE, but may be STATUS . NOTE:
odd when the system is REGISTERS
in BYTE MODE. Memory AND
address counters through- DEVICE
out the system increment ADDRESSES THIS AREA
by 2 in WORD MODE.
160000 >
167777 N
GRAPHIC
CONTROL > ROM
PROGRAM
(GCP+)
OCTAL
BYTE <
ADDRESSES 140000 -~
137777 \
ROM
L OPTIONAL > AND/OR
e MEMORY a o READ/WRITE
EXPANSION * MEMORY
040000 )
037777 N
AVAILABLE
TO
USER READ/WRITE
MEMORY
003000
002777
X 000000 RESERVED FOR USE BY GCP /
H-79-0348-1
Figure 1-7. GRAPHIC 7 System Memory Map

2.6K WORDS OF GCP+
ARE ALSO LOCATED IN



The expansion module is described in Sanders' '"Model 7750 Expansion Module
Technical Manual." Individual options are described in their respective user's
manuals. See Appendix C. ‘r

1.3.1.5 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. 1In addition,
the first port can be operated as a full RS-232C asynchronous interface at transmis-
sion 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.

Two multiport serial interface cards may be installed in a terminal controller
to handle additional peripheral devices if required. Normal device assignments for
each port are listed in Section 4.

1.3.1.6 Parallel Interface. The parallel interface card is an option intended for
installations where the GRAPHIC 7 is located in proximity to the host computer. It
allows high-speed host/GRAPHIC 7 communications with handshaking and can be operated
in a DMA mode. If a parallel interface card is installed in the terminal controller,
GCP+ assumes that it is connected to the host computer. Therefore, if serial com-
munication 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 installed in the ter-

minal controller. For special applications,

however, up to four parallel 1nterface cards

may be installed.

1.3.1.7 Graphic Controller. The graphic controller card is a microcontroller that
controls generation of the image on the display indicator. Instructions used by the
graphic controller are fetched via the processor bus from either the read/write or
the read-only memory. The complete series of sequential instructions that defines
any particular display image is referred to as a refresh file. These instructions
are described in Sanders' '"Graphic Control Program Enhanced (GCP+) Programmer's
Reference Manual." See Appendix C.

The 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 instruc-
tion addresses, control fetch operations, 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.

Status bits of the graphic controller are maintained by circuits on the ROM and
status logic card (paragraph 1.3.1.2). These bits plus the graphic controller
registers are accessible to the display processor (paragraph 1.3.1.1) which maintains (i
control over the entire terminal controller.
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1.3.1.8 2-D/3-D Coordinate Converter. The Model 5753 2-D/3-D 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 Model 5753 are translation, scaling, rotation, windowing, indepen-
dent display coordinate mapping, perspective, and zooming with perspective.

The perspective feature is especially useful for realistic viewing 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 (Z) image space and
presented on a 1K 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.

3-D windowing, in conjunction with independent screen coordinate mapping,
allows the presentation of any data within a software definable X, Y, Z image space
to be presented on the full screen or any portion of the screen. Zooming is accom-
modated 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.

The 5753 provides for both homogeneous and non-homogeneous matrix operation.
Also, transformations of 2-D images can be accomplished including translation, rota-
tion, scaling, and windowing.

Refer to Sanders' "2-D/3-D Coordinate Converter User's Manual" (see Appendix C)
for programming instructions.

1.3.1.9 Floating-Point Converter. The model 5744 floating-point converter option
transforms incoming floating point binary numbers into displayable numbers. The
displayable numbers may be in any of sixteen formats selected by the host. The bi-
directional converter also converts the displayed numbers into floating-point binary
for transmission back to the host.

The floating-point converter saves host computer time and storage resources by
performing these conversions within the graphic terminal. It allows data to be
transmitted to and from the host in its most compact form and frees the host program-
mer from the conversion programming task.

The floating-point converter can perform more than 500 conversions per second,
which allows it to be used in high data-rate applications resulting in significant
off-loading of the host computer. Application and programming are described in
Sanders' '"Model 5744 Floating Point Converter User's Manual' (see Appendix C).

1.3.2 GROUP 2 CIRCUIT CARDS

1.3.2.1 Vector/Position Generator. The vector/position generator comprises three
separate circuit cards on the graphic bus: a ramp generator and two digital-to-
analog (D/A) converter cards. These cards operate together to produce CRT beam-
positioning voltages as defined by digital X- and Y-coordinate instructions. They
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also generate unblanking signals to enable vectors to be drawn on the associated
display indicators.

One D/A converter is used to address X coordinates on the face of the display
indicator CRT while the second is used to address Y coordinates. Each D/A converter
can address 2048 coordinates of which 1024 fall within the displayable area. The
CRT beam is automatically blanked whenever it is moved to a coordinate that lies out-
side the displayable area. Refer to figure 1-8.

Beam positioning and vector drawing instructions may specify either absolute or
relative data. Absolute data specifies the locations of particular coordinates
whereas relative data specifies locations in terms of the distance moved from the
previous location.

1.3.2.2 Character Generator. The character generator card contains read-only
memories that store information for drawing characters in accordance with instructions
received on the graphic bus from the graphic controller. The basic set of characters

supplied with the character generator read-only memories is a standard set of 96 ASCII

characters. When the ASCII code corresponding to the desired character is applied to
the read-only memories, the character is drawn at the position determined by the
vector/position generator.

As determined by instructions from the graphic controller, characters of four
different sizes can be generated or characters can be made to blink. Characters may
also be rotated 90 degrees counterclockwise to accommodate vertical writing
requirements. ‘ - !

DISPLAYABLE
§ AREA

PROGRAMMABLE
7‘

Coordinate designations are in octal format.

/

GA-77-419-05

NOTE

Figure 1-8. CRT Programmable wvs. Displayable Areas
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Space is provided on the character generator card for additional read-only
memories so that characters in addition to the basic set of 96 can be generated.
Read-only memories for six groups of 16 characters can be added to provide a total
of up to 192 standard and special characters that can be produced by the character
generator.

1.3.2.3 Ramp/Conic Generator. The ramp/conic generator is an optional card that
may be connected to the graphic bus. - It generates X-, Y-, and Z-axis waveforms that
enable ellipses, or 90-degree segments thereof to be drawn on the display indicator.
Ellipses may be centered at any addressable location on or off the CRT screen and
are oriented so that their major and minor axes lie in parallel with the X and Y
areas of the display indicator. The lengths of the axes are determined by instruc-
tions that specify semimajor and semiminor axis lengths for each ellipse. Semimajor
and semiminor axis lengths are independently programmable from zero to half-screen.

Program control also permits any combination of 90-degree segments of an ellipse
to be displayed. These segments are defined by the ellipse axes.

1.3.2.4 Output Channel. The output channel card contains four Z-axis output channels.
Thus, up to four display indicators and/or hard copy units can be driven by one out-
put channel card. Program control permits the four Z-axis outputs to be blanked and
unblanked selectively so that the same or different images can be sent to each of the
output devices as required.

Intensity control circuits and a blink oscillator are also located on the output
channel card. Three bits under program control permit eight different intensity
levels to be selected for the Z-axis outputs. A single bit enables or disables the
blink oscillator.

When a four-color display indicator is used, the Z-axis output channels also
carry the color select commands.

Additional functions performed by the output channel card include providing
timing signals to the graphic controller and processing signals from PHOTOPENs. In
normal system installations, each of the output devices connected to an output chan-
nel card can be located up to 50 cable-feet away with no degradation in performance.

1.3.2.5 2-D Coordinate Converter. A 2-D coordinate converter card is available as
an option for the GRAPHIC-7. This option permits components of a displayed image to
be rotated and/or translated on the CRT screen as determined by software instructionms.
Refer to Sanders' '"Model 5752 2-D Coordinate Converter Technical Manual" (see
Appendix C). '

1.4 OQPTIONAL EQUIPMENT

The following paragraphs describe the GRAPHIC 7 display indicator, input device,
and output device optioms.

1.4.1 DISPLAY INDICATORS. Up to four display indicators (monochrome or 4-color) can
be connected to one GRAPHIC 7 terminal controller.

The GRAPHIC 7 display indicator is a self-contained unit, available in the
following configurations:
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list

Monochrome,
orientation

Monochrome,
orientation

Monochrome,

Four color,
orientation

Four color,
orientation

Four color,

21-inch rectangular CRT, desk top, horizontal or vertical

21-inch rectangular CRT, rack mount, horizontal or vertical

23-inch round CRT, desk top or rack mount

21-inch rectangular CRT, desk top, horizontal or vertical

21-inch rectangular CRT, rack mount, horizontal or vertical

23-inch round CRT, desk top or rack mount.

The CRTs are available in a variety of phosphors. Refer to Appendix C for a
of display indicator technical manuals.

The rectangular CRT provides a standérd 12- by 12-inch display area, which can
be modified to a 12— by 16-inch display area. The display area of the round CRT has
a 20-inch diameter. ‘

Locations on the CRT screen are specified in terms of a matrix containing 2048
coordinates in the X dimension and 2048 coordinates in the Y dimensions. Two's
complement notation is used to designate the coordinates with location 0, 0 being
defined as the center of the CRT screen. Of the 2048 by 2048 addressable locations,
the displayable area comprises the field of 1024 by 1024 coordinates centered about
the middle of the CRT screen. Refer to figure 1-8.

1.4.2 INPUT DEVICES.
tor two~way interaction with the display and processing system. Input devices avail-
able include two types of keyboards, a PHOTOPEN, a trackball, a forcestick, and a

data tablet.

Optional data input devices for the GRAPHIC 7 give the opera~

The GCP+ in firmware can support up to two keyboards, two PHOTOPENS,

and two position entry devices (trackball, forcestick, or data tablet). 1In addition
to the foregoing, a teletypewriter or paper tape reader can be connected to the
_GRAPHIC 7 for the input of maintenance data.

1.4.2.1 Keyboards.
and Model 5784 keyboards. The keyboards contain a main block of alphanumeric keys
plus a matrix and a row of function keys.

1-14

Standard keyboards available for the GRAPHIC 7 are the Model 5783

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
a LED that can be lighted or turned off as required under program control. The
Model 5784 also has provisions for additional 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.

1.4.2,2 PHOTOPEN. The PHOTOPEN is a small hand-held device that detects light from
data displayed on the CRT of a display indicator. Detected light is converted into
an electrical impulse to identify the specific data at which the PHOTOPEN is pointed.
The excellent resolving capability of the PHOTOPEN enables individual characters and
even displayed points of light to be distinguished.

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. GCP+ provided with the GRAPHIC 7 can
support up to two PHOTOPENSs.

1.4.2.3 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 tomove 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 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.

1.4.2.4 Maintenance Data Input Devices. The teletypewriter and/or a paper tape
reader can be connected to the GRAPHIC 7 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 trouble-
shooting aid. The paper tape reader is used to load special user or diagnostic
programs into the GRAPHIC 7.

1.4.3 OUTPUT DEVICES. The standard output device for the GRAPHIC 7 is the CRT dis-
play indicator described in paragraph 1.4.1. A hard copy unit is available as an
optional output device. Using the same signals that go to a standard display indica-
tor, the hard copy unit can produce a duplicate on paper of any static image displayed
on the CRT of the display indicator. Operation of the hard copy unit is controlled
manually or by program control.

A hard copy multiplex switch is available as an optional device. The multiplex
switch is capable of interfacing up to four GRAPHIC 7 units to a single hard copy unit.
The multiplex switch generates copies on a first come, first served basis and
requires no additional interfacing.

1.5 POWER AND ENVIRONMENTAL REQUIREMENTS

The terminal controller requires 250W of single-phase primary power. The power
source must be within six cable-feet of the terminal controller.

The terminal controller fits a 10.5-inch vertical space in a standard 19-inch

equipment rack, either directly or on slides. The controller can also be supplied
as a stand-alone cabinet unit.
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The operating environment temperature range is +15°C (59°F) through +40°C
(1049F). The relative humidity should not exceed 90%.

1.6 PERFORMANCE SPECIFICATIONS

Table 1-2 lists the performance specifications for the overall terminal
controller and its assemblies where applicable.:

1.7 EQUIPMENT SUPPLIED

Table 1-3 lists the assemblies that comprise the terminal controller, including
standard and optional items.

1.8 EQUIPMENT IDENTTFICATION

The part number of the terminal controller is a function of its card complement
and thus varies from installation to installation. The Sanders identification plate
at the rear of the terminal controller carries the part number, voltage rating,
current rating, and UL, CSA, and VDE identification.

The part number of the card cage is 5976112Gl.

Nomenclatures and part numbers for the circuit cards are etched on the component
side of the cards. Serial numbers are stenciled next to part numbers.

All correspondence and documentation concerning the terminal controller or its
assemblies should include full identification data.

1.9 RELATED PUBLICATIONS (, '

This manual is one in a set of manuals available to support the GRAPHIC 7 system
and its peripheral equipment. -Other manuals in the set are listed in Appendix C.

1.10 TEST EQUIPMENT REQUIRED

The following equipment (or equivalent) is recommended for maintenance of the
terminal controller:

Oscilloscope Tektronix type 547 with type 1Al
preamplifier

Digital voltmeter Fluke model 8000A

Multimeter Triplett model 630

Card extender Sanders part no. 1086794
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Table 1-2. GRAPHIC 7 Terminal Controller Specifications
GENERAL VECTOR/POSITION GENERATOR (Cont)
Power source 100-120 Vac Line texture 4
or 200-220 Vac
48-63 Hz Programmable speeds 2
Power 250 Watts Adaptive timing Yes

Temperature, storage
Temperature, operating
Relative humidity
Dimensions:

Height

Width

Depth

Weight

0° to 50°%C
15° to 40°%C

10 to-90%

10.5 Inches
19.0 Inches
16.0 Inches

55 Pounds

CHARACTER GENERATOR

DISPLAY PROCESSOR

General purpose
microprocessor

Word length
Byte mode
Instructions
Registers
Software stacks

Automatic priority
interrupt

Memory
ROM

RAM
RAM expansion to

Yes

16 bits
8 bits
400 plus
8

Yes

Yes

16 bits

8192 words
8192 words

131,072 words

(less ROM)

INTERFACE OPTIONS (DIGITAL)

Parallel

Serial

16 bits

RS-232C

VECTOR/POSITION GENERATOR

Addressabe locations

Viewing area

2048 x 2048

1024 x 1024

Type Cursive =stroke

Character set (std) 96 AéCII

~ User defined (opt) Up to 96

Aspect ratio 3:2 (normal)

Rotation 90° cew

Character sizes 4

Tabular characters Auto text
spacing

ﬁigh speed 2.4 us
(typical)
3.0 us
(with tab)

Programmable speeds 2

Adaptive timing Yes

OUTPUT CHANNEL

Total displays 4

X channels 2

Y channels 2

Z channels 4

X, Y channels =5V to +5V

Z channels (video) 0 to 1.5V

Z channels (color)
Terminations (X and Y)
Brightness levels
Blinking (adjustable)

PHOTOPEN intensifier

~1.5V pulses
75Q

8

0.5 to 5.0 Hz

Yes

1-17



Table 1-3. Basic Components of the Model 7709 Terminal Controller

PART

REQUIRED OPTIONAL

: N QUANTITY  QUANTITY
NUMBER MOMENCLATURE (BASIC) (MAXIMUM)
5976112 Card cage assembly 1 -
1088682 ROM and status card’ : 1 -
5976251 Multiport serial interface card (option) - 2
1089845 Graphic controller card 1 -
1086762 Read/write memory card (8K) 1%% 3%

Output channel card 1%%% -
1086775 D/A converter card 2 -
1086779 Display processor card 1 -
1086783 Character generator card 1 -
1086798 Ramp generator card 1% -

Parallel interface card (option) - 4
1086855 Extender card (optiom) - 1
1086939 Ramp/conic generator card (option) 1% 1%
1086943 2-D coordinate converter card (option) - 1
1089881 3-D coordinate converter card (option) - 1
1089724 Large read/write memory (optiom) - . 2%%
1088670 Floating point converter card (option) - 1
5977053 Expansion module (option) - 2

*The ramp generator card and the ramp/conic generator card are interchangeable.
The system must have one or the other but cannot have both.

**The large read/write memory would replace the 8K read/write memory in any system
needing more than 24K of RAM memory. (Possible configurations include: 32K, 48K,

64K, 80K, 96K, 128K.)

*%*%Part number for monochrome is 1086771; for color, 5977409.
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SECTION 2

OPERATION

2.1 GENERAL
This section contains information for operating the GRAPHIC 7 terminal controller.
Topics discussed include: controls and indicators, turn-on procedure, and operation

in the SYSTEM and LOCAL modes.

2.2 CONTROLS AND INDICATORS

Table 2-1 lists the terminal controller controls and indicators, their locations
and functions. Figure 2-1 shows their location on the equipment. Circuit connections
for the controls and indicators are shown on the applicable terminal controller
diagrams in the Terminal Controller Diagrams Manual (H-78-0096).

Table 2-1. Terminal Controller Controls and Indicators

NOMENCLATURE

LOCATION

FUNCTION

POWER ON/OFF circuit
breaker

RUN/SYS pushbutton

Top right of control
panel

Top right of control
panel

Energizes/deenergizes terminal

controller

Initiates SYSTEM mode (host

computer control)

RUN/SYS lamp In RUN/SYS pushbutton Indicates display processor card

operating
DIS/LOC pushbutton Top right of control
panel

Initiates LOCAL mode (GCP+/
operator commands)
DIS/LOC lamp

In DIS/LOC pushbutton Indicates graphic controller card

operating

2,3 TURN-ON PROCEDURE

NOTE

Refer to Section 5 for maintenance
information if (a) RUN/SYS lamp does not
light following power turn-on; (b) host
computer subsequently reports terminal
controller defective; or (c) terminal
controller operation is suspect for any
reason.



N

Figure 2-1.

80-346-015

Terminal Controller Controls and Indicators




To turn the terminal controller on, press the 1 side of the POWER ON/OFF
circuit breaker. This action lights -the RUN/SYS lamp and applies power to the
circuit cards.

Delay timers in the circuit cards allow initial power surges to settle, then
initialize the terminal controller in the SYSTEM mode. All peripheral devices are
reset, and the GCP+ performs automatic diagnostic tests to verify operation of the
basic terminal controller functionms.

If the terminal controller is connected to a host computer that is already
operating, the controller automatically transmits a performance status report to the
computer. If the host computer is not operating, the computer can receive this status
report only by initializing the terminal controller as part of its own turn-on proce-
dure. In either case, the host computer's response to the status report is a function
of the host computer application software.

2.4 OPERATING PROCEDURES

The terminal controller has two types of operation:

1. Normal Operation: regular controller functions performed in the SYSTEM or
LOCAL mode.

2, Checkout: operator test of controller operation.

2.4.1 NORMAL OPERATING PROCEDURES. After normal turn-on, the terminal controller is
in the SYSTEM mode; i.e., under host computer control. Pressing the DIS/LOC push-
button places the terminal controller in LOCAL mode, under GCP+ control axd operator
commands. The terminal controller remains in LOCAL mode until it is placed in SYSTEM
mode again as described in paragraph 2.4.1.1.

2.4.1.1 SYSTEM Mode Operation. This mode is established when one of the following
occurs:

1. When primary ac power is applied to the terminal controller.
2. When you press the RUN/SYS pushbutton.

3. When the terminal controller is in LOCAL mode and you type S on the
keyboard.

4, When the terminal controller is in LOCAL mode and you type 157760G RETURN
on the keyboard.

5. When an initialize signal comes from the host computer via the parallel
interface or the multiport serial interface.

6. When the terminal controller is in the teletypewriter emulation mode (see
paragraph 2.4.2.5) and you press function key F13 on the keyboard or the
host computer sends octal code 035 (ASCII control character GS Group
Separator).



If the terminal controller is already in SYSTEM mode, it can be initialized
again by either of the following: (j '

1. A discrete initialize signal from the host computer via the parallel
interface or the multiport serial interface.

2, An IZ (initialize) message from the host computer.

Initialization in the SYSTEM mode automatically causes the built-in diagnostic
routines to be performed and the results sent in an error status message to the host
computer. The diagnostic routines include GO/NO-GO checks of the graphic controller,
display processor, read/write memory, 2-D/3-D coordinate converter (if installed),
and either the parallel interface or the multiport serial interface (whichever is
the device used for communications with the host computer). The error status message
also includes a checksum of GCP+ stored in read-only memory.

In the SYSTEM mode, responses to all operator actions are determined by the
application program of the host computer. Control is exercised and data is trans-
ferred by means of messages sent between the host computer and the terminal controller.
A complete description of available messages is presented in the Sanders publications
listed in Appendix C.

The host computer application program accesses all display registers and param-
eters for organization of display images. The initialization sequence enables the
associated keyboards so you can enter commands without special action by the host
computer.

The GCP+ handles all internal display interrupts and operator inputs, including (
PHOTOPEN strike and switch signals. The GCP+ performs all housekeeping required for
these events, and sends the host computer a message containing all information needed
for operational decisions. However, the host computer can preset the terminal con-
troller to transmit only specified signals under specified conditioms.

The GCP+ processes trackball, forcestick, or data tablet inputs without host
computer intervention. The GCP+ detects all PED (position entry device) inputs and
either transmits them to the host computer, or uses them to update the position of a
predefined PED identifier symbol on the display. GCP+ processing of PED symbols is
controlled by the host computer application program.

GCP+ also inserts alphanumeric data from the keyboard into the refresh pattern;
you can enter and edit a message without host computer intervention. You complete
your entry by pressing the RETURN key, and GCP+ informs the computer that a new
message is ready. The application program indicates how alphanumeric inputs are
handled by issuing special commands.

2.4.1,2 LOCAL Mode Operation. After primary power has been applied to the terminal
controller, you can initialize the terminal controller in LOCAL mode by pressing the
DIS/LOC pushbutton. When you press this pushbutton, the verification test pattern
appears on each of the associated display indicators, the terminal controller per-
forms its built-in diagnostic routines, and local mode commands can be executed.
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NOTE

When you press the DIS/LOC pushbutton, the
built-in diagnostic exercises the complete
memory system. For systems containing more
than 32K of memory, it may take several sec-
onds before the terminal verification pattern
appears. As part of the memory diagnostic,
the memory configuration installed in the
terminal controller is saved and can be
examined if desired. Address 736 contains the
RAM configuration word; address 750 contains
the ROM configuration word.

2.4.1.3 Verification Test Pattern and Diagnostics. Figure 2-2 shows the verification
test pattern that is displayed on each display indicator when the terminal controller
is initialized in the LOCAL mode. The pattern remains displayed until terminated by
the proper command or until 45 minutes have elapsed since that last performed opera-
tion that affected the pattern.

When the system is first initialized in the LOCAL mode, 'XX' appears in the small
box in the lower right portion of the pattern. The 'XX' indicates that the code
appearing in the same box contains the results of the built-in diagnostic routines
that were automatically performed. The diagnostic code is a three~digit octal repre-
sentation of an eight bit binary code that indicates the results of each diagnostic
routine. Bits in the binary code are assigned as follows:

MSB LSB

17 | 6 5 | 4 | 3 2 | 1 | ol

2 8 |E

- - E‘

5 5 = 4 "

= = o (&} o] (-1 =
(&) < = -4 Q -
= =5 g g 2 3
- = E = =
s B, £ g, &
EU ~ | ] 22 &) [ &) %U
55 LB B3 E2 &3 o3F
o wm = w0 wn gm > o wn
[eNe) - Q Q (@] 50 - QO
Sg g% 42 S2 J8 Eg
a3 25 ES 32 #3 33
" a [~ -1 [7- = [- =~ [ =] [ I

When a diagnostic routine detects a malfunction, the corresponding bit in the
error code is set to a 1l; if no malfunction is detected, the bit is set to a 0. The
octal code displayed in the verification test pattern then tells you the results of
all the diagnostic tests. For example, 000 indicates all tests passed, 002 indicates
the display processor diagnostic test failed, 030 indicates the serial and the
parallel interface diagnostic tests failed, and 077 indicates that all diagnostic
tests failed.
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This figure illustrates the verification fest
pattern that is generated when the standard
ramp generator card is installed in the
terminal controller. If an optional ramp/
conic generator card is substituted, the
three innermost diamonds will be displayed
as a circle and two elipses.
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generated when the ramp/conic generator option is installed
in the terminal controller. If a ramp/conic generator card

is not installed, each circle and ellipse will be displayed

as four straight lines. If a 2-D coordinate converter card is
installed in the terminal controller, all information
contained within the ellipse will be rotated, translated and
displayed at the top left of the display.
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Figure 2-2. Verification Test Pattern (Sheet 2 of 3)
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An additional routine performed whenever the GRAPHIC 7 is initialized in the
local mode is a checksum calculation based on all GCP+ stored in read only memory. -
You can examine the result, which is deposited in memory 5@@ (octal), as described
in paragraph 2.4.2.1.

As soon as the terminal controller receives any input via a serial interface
port, the "XX" in the small box is replaced by a code that indicates the port to
which the input device is connected. Codes associated with each serial interface
port are shown in table 2-2.

When the serial interface port designation is displayed in the small box, the
three digit octal code in the box indicates the code last transmitted to the terminal
controller. Also, if the code represents a displayable character, the character
appears in the upper left corner of the box. If the code does not represent a dis-
playable character, the upper left corner of the box is blank. In systems using SI
(shift-in) and SO (shift-out) codes to identify characters in an extended set, the
SI character is displayed over the left hand digit of the code and the SO character
is displayed over the right hand digit.

The test results box also contains a single-digit real-time clock counter read-
out in the lower right corner. This counter increments from O through 7 continuously
‘at a 1-Hz rate to confirm operation of the real-time clock timing function.

The numeral in the upper center of the verification test pattern indicates the
port on the output channel card to which the Z axis of the display indicator is
connected. Connectors J5 through J8 on the output channel card correspond to .
indicators 1 through 4, respectively.

Table 2-2. Serial Interface Port Codes

SERIAL INTERFACE
" CODE PORT DEVICE ASSOCTATED CONNECTOR

Fl 3 Keyboard (with J5 on multiport serial interface
function keys) card no. 1

F2 7 Keyboard (with J5 on multiport serial interface
function keys) card no. 2

TT TTY Teletypewriter J2 on ROM and status card

S1, S5 lor5 Any J2 or J3 on multiport serial
interface card no. 1 or no. 2

HC 5 Hardcopy J3 on multiport serial interface
: card no. 2.

NOTE

No indicator code is provided for ports 4 or
8. These potts are normally used for PEDs
which have separate indicators on the test
pattern.




‘Trackball (or forcestick) indicators appear in the upper left cormer of the
verification test pattern. The "1*" indicator is associated with the device
normally connected to serial interface port 4 (J6 on multiport serial interface card
no. 1) while the "2%*" is associated with the device normally connected to serial
interface port 8 (J6 on multiport serial interface card no. 2). These indicators
are always displayed on the test pattern regardless of whether or not a trackball
or forcestick is connected to the system. If a trackball or forcestick is connected
to port 4 or 8, it can be manipulated to move its associated indicator about the
screen of the CRT as desired. (See paragraph 2.4.1.5 for data tablet.)

PHOTOPEN indicators are displayed in the upper right corner of the verification
test pattern. The "#1S" with an arrow is associated with a PHOTOPEN connected to the
PPN1 connector on the front of the terminal controller. The "#2S" with an arrow is
associated with a PHOTOPEN connected to the PPN2 connector. Like the trackball/
forcestick indicators, the PHOTOPEN indicators appear on the verification test
pattern whether or not PHOTOPENs are connected to the system.

If a PHOTOPEN is connected to the system, its associgted indicator responds as
light from various data items is sensed by the PHOTOPEN. Whenever an item of data
is sensed, the sensed point is intensified and the indicator moves so that the arrow
points to the location at which the data item ends., Alphanumeric data is normally
stored with two characters per data item. Therefore, the arrow always points to the
“end of the second character in a pair. If the PHOTOPEN is also pointed at the char-
acter, an asterisk is added to the indicator. When the PHOTOPEN is pointed at the
first character in a pair or at a non-character data item, the asterisk is removed
from the indicator.

The "S" in each indicator provides an indication of PHOTOPEN switch operation. |
When you actuate the switch by pressing the PHOTOPEN against the CRT screem, the "S" -
is removed from the indicator. Pressing the switch a second time causes the "S" to
reappear with the indicator.

NOTE

The complete character set is displayed
at the bottom center of the terminal
verification pattern. In this area all
characters are insensitive to PHOTOPEN
strikes.

2.4.1.4 Hardcopy Generation. You can make a hardcopy of the terminal verification
pattern by pressing function key F@ on the keyboard. When you press this key, an

HC appears in the serial interface port code. The HC indicates that a hardcopy
request has been initiated. Successful generation of a hardcopy is indicated by the
display of the characters S5 in the serial interface port code and the number 000 in
the character or diagnostic code section of the terminal verification pattern. If

the hardcopy request is unsuccessful, the characters HC remain displayed in the serial
interface port code.

If a hardcopy multiplex switch is connected to the terminal controller, success-
ful generation of a hardcopy is indicated as previously described. If the hardcopy
request is unsuccessful, the characters S5 are displayed in the serial interface port
code and the numbers 377 are displayed in the character or diagnostic code section of
the terminal verification pattern. The 377 code indicates the hardcopy unit is either
off-line or busy.
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NOTE

The generation of hardcopies takes approxi~
mately 10 seconds. To generate hardcopies
remotely with function key F@ requires that
a serial cable be connected between port 5
(multiport serial interface No. 2) and the
hardcopy. The X, Y, Z cables must also

be connected between the output channel card
and the hardcopy unit or hardcopy multi-
plexer unit.

2.4.1.5 Data Tablet Testing. You can test the data tablet by pressing function key
Fl. This causes the 1* and 2* trackball/forcestick indicators to change to 1# and
2#. The 1# and 2# symbols indicate that all messages received via ports 4 and 8 are
in data tablet format. (Data tablet messages comnsist of 10 characters messages,
whereas the trackball and forcestick generate 2-character messages.) When you press
the data tablet pen switch and move the pen along the active area of the data table
surface, the appropriate cursor symbol (1# or 2#) moves at a rate proportional to the
movement of the pen. The 1l# symbol is associated with the data tablet connected to
port 4 and the 2# symbol is associated with the data tablet connected to port 8.

NOTE

Successively pressing function key Fl
causes the terminal verification pattern
to switch from processing data tablet
messages to trackball/forcestick
messages and vice versa. :

2.4.2 LOCAL MODE COMMANDS. After the GRAPHIC 7 has been initialized. in the LOCAL
mode and the verification test pattern is no longer required, you can terminate the
pattern by pressing the RETURN key on the keyboard. The pattern then disappears

and the letters "BP M" are displayed in the center of the CRT screen as an indication
that the system is in the LOCAL MONITOR mode. At this point, you can perform any of
several operations that let you monitor or debug a program, transfer control, or
communicate with the host computer.

NOTE

Commands are executed when you press
the RETURN key on the keyboard.

The following paragraphs discuss'commands that can be executed when the system
is in the LOCAL MONITOR mode. Table 2-3 is a summary of the commands.



Table 2-3. Local Mode Command Summary

KEYBOARD
ENTRY OPERATION

RETURN Executes LOCAL mode command or returns system to LOCAL MONITOR
level.

nonnnn/ Displays contents of memory address nnonnnn (octal).

/ Increments memory address counter by two and displays address
contents.

A or *+ Decrements memory address counter by two and displays address
contents.,

Bn Select different memory bank. (B@ 0-32K; Bl 32-64K; B2 64-96K;
B3 96-128K; and B4 16-32K RAM).

S Transfers GRAPHIC 7 to SYSTEM mode operatiom.

T RETURN Transfers to the verification test pattern.

L RETURN Loads memory from paper tape reader.

nnnnL Loads selected option from expansion module

RETURN

U RETURN Unload all optioms.

O RETURN Display status of all options loaded.

Q Decrements contents of display processor Q register by two and
displays result. Used with diagnostics to indicate address at
which display processor halted.

nnnonnD Directs graphic controller to display refresh file beginning at

RETURN address nnnnnn (octal).

nonnnnG Transfers contrcl of display processor to program beginning at

RETURN memory address nnnnnn (octal).

Y RETURN Calls teletypewriter emulation program. After entering emulation
program, function key F@ clears CRT screen. Function key Fl
selects full or half duplex operation; receipt of octal code 035
from the host computer or pressing function key F1l3 transfers
GRAPHIC 7 to SYSTEM operating mode.

RUB OUT Deletes last octal entry from keyboard.
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2.4,2.1 Memory Commands. 7You can display the content of a memory location by typing
the octal address (typing of leading zeros is not required) followed by a slash (/).
As soon as you type the slash, the content of the memory location is displayed imme- -
diately to the right of the address. You can examine successive memory locations by
simply pressing the slash key. Each time you press the slash key, the memory address
is incremented by two and its content displayed immediately to the right of the slash.

After you have used the slash key to examine the content of a memory location,
you can use the up arrow (4 or A) key in a similar manner to examine preceding mem-
ory locations. Each time you press the up arrow key, the memory address is decre-
mented by two and its content displayed immediately to the right of the slash.

You can change the content of a memory location after you have examined it by
typing the new data (typing of leading zeros is not required) before pressing the
slash or up arrow key. The new data is displayed to the right of the old data and
is automatically substituted when the slash or up arrow key is pressed.

You can examine or change memory locations in other banks via the bank (B)
select command. Typing B@, Bl, B2, B3, or B4 changes the memory bank selection to
bank @, bank 1, bank 2, bank 3, or bank 4 respectively. Below is a table representing
the associated virtual and physical addresses for each bank.

Bank Number Virtual Address Physical Address Pages

0% 000000-177777 000000-177777 00-07

1 000000-177777 200000-377777 10-17

2 000000-177777 400000-577777 20-27

3 ' 000000-177777 600000-777777 30-37

4* 100000-177777 100000-177777 04-07
NOTE

*Addresses in the range of 100000-177777
(pages 4, 5, 6, and 7) for bank @ cor-
respond to ROM and I/0 device registers.
Addresses in the range of 100000-177777
for bank 4 correspond to RAM.

You can return to the monitor level by pressing the RETURN key. When you press
this key, any specified memory content change is completed and the system returns to
monitor level as indicated by letters "BO M"' displayed at the center of the CRT
screen.

2.4.2.2 Displaying a Refresh File. When the system is in the local monitor mode,
you can display the contents of a refresh file by typing the starting address of the
file (in octal notation) followed by a "D" and then pressing the RETURN key. This
command instructs the graphic controller to display the entire refresh file that
begins at the specified address. Display of the refresh file continues until you
press RETURN key again, at which time the system returns to the local monitor level.
This command is subject to the bank argument presently displayed.
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2.4.2.3 Transfer of Program Control. You can transfer program control from local
monitor level to any desired address location in bank @ by typing the address loca-
tion in octal notation followed by a "G" and then pressing the RETURN key. The
display processor then executes instructions beginning with the instruction at the
specified address. Any further operations depend on the program in which control is
transferred.

2.4.2.4 Transfer to System Mode. To transfer to the system mode of operation from
monitor, level, type "S". This command has the same effect as pressing the RUN/SYS
pushbutton on the terminal controller. After transferring to the system mode, opera-
tion in the local mode can be reestablished only by a message from the host computer
or by pressing the DIS/LOC pushbutton on the terminal controller.

2.4.2.5 Teletypewriter Emulation. For purposes of communicating with a host com-
puter, the GRAPHIC 7 can be made to emulate the functions of a teletypewriter. In
this mode, the keyboard operates like the keyboard of a teletypewriter and the display
indicator serves as the printout device. Scrolling of data on the display indicator
is handled on a half-page basis. That is, when the CRT screen is full, the top half
of the data is deleted from the display and the bottom half of the data moves up to
take its place.

, If a parallel interface card is installed in the terminal controller, the
graphic control program assumes that communications with the host computer are to be
handled over the parallel interface. In this case, teletypewriter emulation signals
are transmitted in parallel using only the low order byte (bits 0-7) of the 16-bit
interface. If a parallel interface card is not installed, a standard 8-bit serial
interface via serial interface port 1 is assumed. In either case, bit 7 is always
equal to zero.

You enter the emulation program from the monitor level by typing the letter "Y"
followed by RETURN. Full-duplex or half-duplex emulation may then be selected by
pressing function key Fl which changes the selection each time it is pressed. The
type of emulation selected is indicated by the "TTY F" (full duplex) or "TTY H" (half
duplex) that is displayed at the top of the CRT screen at all times during emulation.
You can switch between full and half duplex operation at any time during emulation
by pressing function key Fl. Pressing function key F@ during teletypewriter emulation
clears the CRT screen.

Exit from the teletypewriter emulation program occurs when octal code 035 (ASCII
control character GS Group Separator) is received from the host computer. This code,
which can also be generated by pressing function key F13, immediately causes the
GRAPHIC 7 to transfer to the SYSTEM mode of operation. Return to the LOCAL MONITOR
level can be achieved only by a command from the host computer or by pressing the
DIS/LOC pushbutton on the terminal controller.

2.4.,2.6 Additional Local Mode Commands. Additional commands that you can use when
the GRAPHIC 7 is in the LOCAL mode at the monitor level are the L, U, 0, T, Q, and
RUB OUT commands. The L command enables the memory to be loaded from a paper tape
reader connected to the terminal controller. After the tape has been placed in the
reader, loading is initiated by typing the letter "L" followed by RETURN.
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NOTE

A paper tape reader may be connected to
multiport serial interface card ports 1, 2,
or 3 or to the serial interface port on the
ROM and status logic card.

You also use the L command to load in options from the expansion module. The
option command format is as follows:

nnnnL. RETURN

‘where nnnn is the option number. Valid option numbers are in the ranges of 1
to 3777 and 4001 to 7777. '

NOTE

The optional expansion module can store
a variety of option types.

The U command is used to unload all options. Typing "U" followed by RETURN
unloads all optiomns.

The O command is used to detect the presence and status of all loaded optioms.
Typing O followed by RETURN causes the display of the first option loaded. Success-
ively pressing the RETURN key causes the display of all other options loaded. The
option status is displayed in the following format.

nnnn ss
where nnnn is the option number and ss is. the option status
The option status code is as follows:

00 Detected but unloaded

01 Unloaded, checksum error (local)

11  Unloaded, checksum error (system)

02 Unloaded, checksum OK, hardware not present (local)
12 Unloaded, checksum OK, hardware not present (system)
03 Unloaded, checksum OK, self-test = no go (local)

13  Unloaded, checksum OK, self-test = no go (system)

04 Loaded, checksum OK, self-test = go (local)

14 Loaded, checksum OK, self-test = go (system)

You use the T command to recall the verification test pattern when the system
is at the local monitor level. This command is executed by typing the letter "T"
followed by RETURN. The effect is the same as pressing the DIS/LOC pushbutton on
-the terminal controller. Pressing RETURN a second time causes the system to return
to the monitor level.
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The Q command is a special command used for diagnostic and debugging purposes.

Whenever a HALT instruction is executed by the display processor, the content of the J(j

program counter is stored in the Q register of the display processor. After you have '
reinitialized the system by pressing the DIS/LOC pushbutton on the terminal controller,
you can use the Q command to display the address at which the display processor halted.
The Q command is executed by typing the letter "Q". This causes the content of the

Q register to be decremented by two and the result displayed to indicate the address

of the HALT instruction. Note that the Q command always decrements the content of

the Q register by two and displays the result. The result, however, is only meaning-
ful immediately following initialization in the LOCAL mode after a HALT instruction

has been executed. After using a Q command, pressing RETURN returns the system to
the local monitor level.

The RUB OUT command provides a means of correcting erroneous entries from the
keyboard. At any time before a command is executed, pressing RUB OUT causes the last
keystroke entry to be deleted. An additional entry is deleted each time the RUB OUT
key is pressed.

2.4.3 STANDARD TRANSFER TABLE. ROM addresses 157700 through 157770 (octal) con-
stitute a standard transfer table for certain routines of the graphic control program
(GCP+). Information identifying the version of GCP+ installed in the ROM is also
contained in these addresses. When the GRAPHIC 7 is operating in the LOCAL mode,

you can examine the contents of locations containing information by typing the
address of the location followed by a slash. To transfer to one of the GCP+ routines,
the G command should be used as described in paragraph 2.4.2.3. Table 2-4 lists the
addresses in the standard transfer table and identifies the information or routine
associated with each.

NOTE (;\

When the GRAPHIC 7 is operating in the SYSTEM
mode, transfer to one of the GCP+ routines
can be accomplished by using a host-to-
GRAPHIC 7 TK message. Refer to H-79-0348

for details.

2.4.4 OPERATOR PERFORMANCE CHECKS. If you suspect a malfunction in the terminal
controller or any of its peripherals (or if the host computer reports the terminal
controller to be defective), you can perform the following procedure to verify basic
system operation. If you do not get the described results, refer to Section 5.

1. Press the DIS/LOC pushbutton to initialize LOCAL mode. Confirm that the
verification test pattern (figure 2-2) is present on the display indicator.

2. Confirm that the test results box shows a 000 value (code for all tests
passed), with the "XX" error word code displayed in the upper right corner
of the box..

3. Confirm that the seconds counter at the lower right corner of the test
results box runs continuously through an 8-count cycle (0-7). .

4. Confirm that the letter "T" appears in the upper left cormer of the test
results box.
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Table 2-4. Standard Transfer Table

ADDRESS
(OCTAL) * INFORMATION OR ROUTINE REMARKS

157700 GCP+ date (year and month) High order byte indicates month in
octal form. Low order byte indicates

last two digits of year in octal form
(e.g., 003115 indicates June 1977).

157702 GCP+ date (day) Day of month is indicated in octal
form.

157704 GCP+ release number Release number is indicated in octal
form.

157706 Number of GCP+ field changes Number of field changes is indicated
by the number of bits set to 1 (e.g.,
000007 indicates three field changes).

157710 ZERO Maintenance routine. Graphic
controller sets X and Y positions at
zero (center of CRT screen) and then
halts. Used for voltmeter adjustment
of vector/position generator output
voltages.

157720 PLUS Maintenance routine. Graphic
controller sets X and Y positions at
maximum on-screen positions (upper and
right corner) and then halts. Used
for voltmeter adjustment of vector/
position generator output voltages.

157730 MINUS Maintenance routine. Graphic
controller sets X and Y positions at
minimum on-screen positions (lower
left corner) and then halts. Used for
voltmeter adjustment of vector/position
generator output voltages.

157740 LOADER Enables a file to be loaded into read/
write memory from various input
devices.

157750 DEBUG MODE Enables local mode commands to be
executed.

157760 SYSTEM MODE Enables system mode.

157770 TEST PATTERN Transfers to verification test
pattern.
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10.

11.

12.

Press one or more alphanumeric keys on the keyboard. Confirm that:

a. The alphanumeric symbol replaces the letter "T" in the upper left (i
corner of the test results box.

b. The applicable ASCII value in octal format replaces the test results
value below that symbol.

c. The appropriate source code (table 2-2) replaces the "XX" code.

Confirm that a full library of alphanumeric and special symbols is dis-
played at the lower center of the verification test pattern.

Confirm that four different sized sets of "EM'" letter pairs are displayed
in the lower left quadrant of the verification test pattern.

Confirm that the line structure of the overall test pattern conforms with
the pattern shown in figure 2-2 with respect to the following:

a. The corners of the displayed squares are clearly defined right
angles, with uniform intensity through the points of congruence in
all four corners.

b. The central portions of the sides of the inner square represent
different line structure patterns: solid (bottom), dotted (right),
dashed (left), and centerline (top).

c. The short vector segments that make up the broken pattern in the 1(9
middle of the upper right quadrant have fairly uniform intensity.

d. The 1/8-, 1/4-, and 1/2-screen position bars in the upper left
quadrant each contain nine parallel lines, with no observable offset
at the tops or bottoms of these lines.

Confirm that the number of the output channel port associated with a
specific display indicator appears in the upper center of the pattern,
continuously blinking on and off.

Confirm that the trackball/forcestick/data tablet identifier symbols are
initially presented in the upper left corner of the pattern, with the
applicable symbol moving as appropriate for any PED displacement inputs.

Confirm that the PHOTOPEN identifier signals are initially presented in
the upper right corner of the test pattern with the applicable symbol
moving as appropriate for any strike inputs, and responding appropriate
("S" character disappearing or reappearing) each time you press the
PHOTOPEN switch.

In the case of a four-color display, confirm that the proper colors are
displayed as shown in figure 2-2.




2.5 TURN-OFF PROCEDURE

To turn off the terminal controller, press the O side of the POWER ON/OFF
circuit breaker. '
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SECTION 3

THEORY OF OPERATION

3.1 GENERAL

This section contains the theory of operation for the terminal controller func-
tional circuits. Topics presented are the terminal controller signal/bus structure,
and block-diagram level discussions of each standard circuit card assembly. Unique
circuit card options are covered in separate manuals (see Appendix C).

The signals used in the terminal controller and the mnemonic conventions for
these signals are presented in Appendix A of this volume.

3.2 SIGNAL/BUS STRUCTURE

Terminal controller inputs are provided as digital signals from a host computer
or peripheral equipment. Except for PHOTOPEN inputs, all inputs are applied to the
terminal controller circuits via edge-mounted connectors on the front of one or more
interface cards located in the terminal controller card cage.

Terminal controller outputs are applied either as digital signals through the
same edge mounted connectors or as analog signals to the associated CRT display indi-
cators (or hard copy unit) through BNC connectors on the front of the output channel
card. All interconnections among the various circuit card assemblies are accomplish-

ed through backplane wiring (see backplane wiring diagram in H—78—0096) For conven-

ience, backplaning connections common to groups of cards are called buses. The three
main terminal controller buses are: the processor bus, graphic bus, and power bus.

3.2.1 PROCESSOR BUS. The processor has comprises backplane wiring connections com-
mon to the display processor circuit card and all circuit cards that interface with
the display processor to perform the digital analysis that creates display files.
These cards (the processor subsystem) are located in card cage slots 1A1XAl through
1A1XA10. The ROM and status card and the graphic controller card both have discrete-
line backplane connections to circuit cards in the graphic subsystem and therefore
occupy specific locations: 1A1XA9 and 1A1XA10, respectively. All other processor
subsystem cards interface through the common processor bus connections, and can
occupy any card cage slot depending on the interrupt/bus control priority. Table 3-1
lists the standard cards in their preferred priority arrangement.

Table 3-2 lists the processor bus signals and identifies their basic functions.
For convenience, these signals are discussed as three separate buses: the 18-line
processor address bus (ADOO-B through AD17-B), the l6-line processor data bus (DAOO-B
through DA15-B), and the 25-line processor control bus.



Table 3-1.

Processor Subsystem Cards, Preferred Priority Arrangement

CARD CAGE '
SLOT CIRCUIT CARD ASSEMBLY
1A1XAlL 8K Read/Write Memory No. 1 May be replaced by one
or two optional large
1A1XA2 8K Read/Write Memory No. 2 (Optional) (16K/32K/64K) read/write
memory cards and expan-
1A1XA3 8K Read/Write Memory No. 3 (Optional) sion module.
1A1XA4 Digital Option
1A1XAS5 Digital Option
1A1XA6 Parallel Interface (Optional) Any system usually has one
or both of these inter-
1A1XA7 Multiport Serial Interface (Optional) face cards--and may have
more than one of either
1A1XA8 Display Processor of them.
1A1XA9 ROM and Status
1A1XAl10 Graphic Controller
Table 3-2. Processor Bus Signals
CARD PIN MNEMONIC SIGNAL NAME FUNCTION WHEN ACTIVE
PROCESSOR ADDRESS BUS
57 thru ADnn-B Address bus bits (ADOO-B Selects circuit in which an
74 thru AD17-B) operation is to be performed
PROCESSOR DATA BUS
13 thru DAnn-B Data bus bifs (DAOO-B thru Carries 16-bit data or con-
28 DA15~B) trol code to or from circuit
that was addressed
PROCESSOR CONTROL BUS
4, 5, 6% INLn-B Interrupt levels 5, 6, 7 Three priority levels for

interrupt selection; set by
jumpers on each card

*A11 listed signals are common to all processor subsystem card slots 1AIXAl
through 1A1XAl0, except that asterisked signals do not commect to graphic

controller 1A1XAlO.
rupt handshaking signals.
processor program directly.

The asterisked signals pertain mostly to program inter-
Graphic controller 1Al1A10 does not interrupt the
Certain of its operations can interrupt the pro-

gram through status connections to ROM and status card 1AIlAS.




Table 3-2. Processor Bus Signals (Cont)

CARD PIN MNEMONIC SIGNAL NAME FUNCTION WHEN ACTIVE

7% IREQ-D Interrupt request pulse Produced by display proces-
sor at end of each instruc-
tion cycle to let any card

. that is ready to interrupt
the program activate its
INLn-B output

8% IENA-D Interrupt enable Produced by display proces-
sor in response to INLn-B
signal to let the requesting
card generate an interrupt

9% TIADV-B Interrupt address valid Produced by interrupting
card to let display proces-
sor read interrupt trap
address; response to IENA-D

10, 11, DEV-nB Device code levels 0, 1, Identifies (by unique BCD
12, 3% 2, 3 (BCD) code) the card that has
. control of the bus
31 CLOK-F 10 MHz clock Master clock for GRAPHIC 7
system
33 BUSB-B Bus busy Indicates that bus is under

control of some processor
subsystem card

36 GRAI+B Grant input Lets receiving card gain
control of bus (comes as
GRAO+B from higher priority
card)

35% GRAO+B Grant output Lets lower priority card
gain control of bus (goes to
that card as GRAI+B)

37 WRIT-B Write/read control Activated by card that con-
trols the bus. Low indi-
cates that controlling card
is writing to addressed
card. High indicates that
controlling card is reading
from addressed card

38 ADRV-B Address valid Indicates ADnn-B address
lines are stable; enables
address decoder and related
logic on addressed card




Table 3-2. Processor Bus Signals (Cont)

CARD PIN MNEMONIC SIGNAL NAME FUNCTION WHEN ACTIVE

39 - MEMA-B Memory acknowledge Indicates that addressed
card has accepted data or
has placed data on DAnn-B
lines

40%* BYTE-B Byte/word control Allows high order byte to
be carried on low order
byte lines of data bus

41 REST-B Reset Resets all circuit card
assemblies
42% BTOM-M Bus timeout Indicates that requested

data transfer was not com-
pleted within normal in-
struction interval

43% SYST-B System mode Initiates SYSTEM mode
44% LOCA-B Local mode Initiates LOCAL mode
45 TORN-0 Turn-on Power-up initialize command;

activates REST=B sequence

47% DPRN-D Display processor run Lights lamp in SYS/RUN
pushbutton

50% 50DB-F 50 kilobaud clock 50 kilobaud I/0 clock
pulsetrain

3.2.2 GRAPHIC BUS. The graphic bus comprises backplane wiring connections common
to the graphic controller card and all circuit cards that interface with the graphic
controller card to develop analog signal levels that control the image presented on
the display indicator or hard copy unit. These graphic subsystem cards are located
in card cage slots 1AI1XAlO0 through 1A1XA17. All card cage slots in this subsystem
are dedicated, facilitating the numerous discrete line interconnections between
these cards, except that the output channel card can occupy either slot 1AI1XAl6 or,

if the optional 2-D coordinate converter card is in slot 1A1XA16, slot 1A1XAl7. Table.

3-3 lists the standard graphic subsystem cards.

Functionally, the term "graphic bus" pertains to the graphic controller outputs
to other graphic subsystem circuit cards. This bus includes a 12-bit DBnn-G data
bus that carries coded data or setup-control codes to those cards, and a variety of
timing signals that determine which cards/circuits receive the DBnn-G data. Except
for the 12 DBaon-~G lines (pins 1 through 12, respectively), these sjignals either do
not connect to all cards on the bus or connect at different pins. Pin connections
and identifications for the graphic bus signals are presented in Appendix A.




Table 3-3. Standard Graphic Subsystem Cards

CARD CAGE
SLOT . ' " CIRCUIT CARD ASSEMBLY
1A1XA10 Graphic controller
1A1XA11 Character generator
1A1XA12 Extender card (optionmnal)
1A1XA13 Ramp generator (or optional
ramp/conic generator)
1A1XA1l4 (Y-axis) D/A coﬁverter
Identical cards
1A1XA15 (X-axis) D/A converter
1A1XAl6 Output channel (or optional
2-D coordinate converter)
1A1XA17 Not used (or output channel,
if 2-D coordinate converter
is installed in slot 1A1XAl6)

3.2.3 POWER BUS. The power bus comprises backplane wiring connections that carry
operating power to all card cage slots. Power is distributed through redundant pins
to facilitate current flow to and from each card. Table 3-4 lists the common power
bus connections.

Table 3-4. Power Bus (Common to All Cards)

CARD CAGE BUS
PINS MNEMONIC SIGNAL/NAME /FUNCTION
1%, 2% DRET- Digital ground return (common circuit ground
29, 30 connections on all cards as return for cir-
53, 54 cuits receiving PO5V+ power.)
55, 56 PO5V+ Positive 5 volts DC
77, 78 ARET- Analog ground return (common circuit ground
97, 98 : for circuits receiving N15V- and/or P15V+
power.)
93, 94 N15V- Negative 15 volts DC
95, 96 P15V+ Positive 15 volts DC
*These redundant DRET- connections apply only to slots 1A1XAl through
1A1XA9 in the processor subsystem.




3.3 PROCESSOR BUS CONTROL AND TIMING

To perform a program operation, a circuit card seizes control of the processor (f
bus either to obtain data from that bus or to pass data via that bus to some other
circuit card. This process involves a handshaking sequence controlled by a grant-
signal connection, running as a series string through all cards in the processor
subsystem (slots lA1XAl through 1A1XA10). This connection configuration means that
the GRAO+B (grant output) signal at pin 35 of any slot is connected as the GRAI+B
(grant input) signal at pin 36 of the next-higher numbered slot. This connection
configuration continues along the card cage from slot 1A1XAl (highest priority) to
slot 1A1XA10 (lowest priority).

A card obtains bus control only when its GRAI+B input is active (high logic
level). This normal condition is established by a pullup resistor on the GRAI+B
input line of each card, holding that input active unless it is forced low by a
preceding higher-priority card that has requested bus control. A card requests bus
control by deactivating its GRAO+B output, thereby disabling the GRAI+B input of the
next card in sequence which, in turn, lowers the GRAC+B output from that card. The
priority string thus begins with the first non-memory card installed in the card
cage and continues through graphic controller card 1Al1A10 (which has lowest
priority).

The priority-grant configuration permits user discretion in assigning priorities
to the processor bus circuit cards, since the cards in slots 1A1XAl through 1A1XAS8
can be switched around at will. Read/write memory cards are not affected by the
priority structure; their GRAI+B input is connected through to their GRAO+B output
to maintain priority continuity.

The unused (spare) processor subsystem card slots allow the addition of optional (:
bus—compatible circuit cards. If such cards are not used, the standard cards (ex-
cluding the read/write memory cards) must be moved up to maintain the priority string
(i.e., no empty card slots between controlling cards).

If a particular configuration requires a vacant slot between cards that can gain
control of the bus, then the GRAT+B and GRAO+B pins of the vacant slot must be 0
jumpered at the back plane. See Section 4 for details.

3.3.1 BUS CONTROL LOGIC. Figure 3-1 is a simplified logic diagram of a typical bus-
grant circuit which allows any processor bus circuit card to request and gain control
of the bus unless inhibited by a higher-priority card. A bus-grant circuit similar
to the one shown in figure 3~1 is contained on all processor subsystem cards except
the read/write memory cards (which have through-line connections). The exact circuit
configuration may differ slightly on individual cards, but the functions illustrated
are valid in all cases.

When a function circuit on any card is set up to gain processor bus control,
that circuit generates an internal GRAR+ (grant request) signal which is loaded into
the GRAB buffer flip-flop by the next 10-MHz CLOK-F pulse. The resultant GRAB Q
output inhibits the GRAO+ gate, deactivating the GRAO+B output, which serves as the
GRAI+B input to the next card on the bus. That low GRAI+B input then inhibits the
corresponding GRAO+ gate on that next card, deactivating its GRAO+B output to the
next card in sequence, and so on.
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Figure 3-1. Bus Grant Circuit, Simplified Diagram



If the GRAI+B input to the card requesting bus control is high and the BUSB-B
(bus busy) line currently is not active, GRAI+ gates the GRAB+ flag signal to the .
BUSC flip-flop, which loads that signal on the next CLOK~F pulse. The resulting ‘i
BUSC+ output is inverted to activate the BUSB~B control line, informing all other
cards_that the processor bus is currently under control. At the same time, the
BUSC Q output is applied as the K input of the GRAB flip-flop, resetting that flip-
flop on the next CLOK-F pulse (third pulse after GRAB+ is generated). This event
removes the inhibit from the GRAO+ output gate, reestablishing GRAO+B output as a
high logic level. BUSB-B remains active, however, until the BUSC flip-flop is
cleared by a low BUSF- (bus finished) signal. BUSF- is generated internally in the
card's function circuit when bus control can be relinquished (i.e., after completion
of a read or write cycle).

3.3.2 BUS CONTROL TIMING. Figure 3-2 shows the timing of a typical bus control
sequence. In this diagram, signals generated by the display processor are suffixed
D, while signals generated by the graphic controller are suffixed G.

In figure 3-2, the display processor and the graphic controller simultaneously
attempt to gain bus control. Thus, GRAR+D and GRAR+G go high simultaneously, setting
the GRAB flip~flops on the two cards. The cross-hatching of the two GRAR+ signals
in figure 3-2 designates the periods in which they can be active with respect to the
CLOK-F pulse train during the particular bus sequence.

Because of its higher priority location on the bus, the display processor gains
bus control first. When the display processor's GRAB flip-flop is set, the resultant
low GRAO+B output from that card applies a low GRAI+B to the graphic controller card,
thereby inhibiting the conditioning gate for the BUSC flip-flop on that card and
preventing that flip-flop from activating the BUSB-B output. The grant ripplé timing
shown in the GRAO+/GRAT+ signals represents an allowance for gate delays along the ‘(
bus. .

After the GRAB flip-flop on the display processor card is set, the BUSC flip-
flop on that card is set by the next CLOK-F pulse, and the BUSB-B output goes low.
Internally, the BUSC- signal gates the address of the processor subsystem card that
is to be accessed onto the ADnn-B processor address bus.

The display processor then generates a low ADRV-B (address valid) output. The
delay between activation of BUSB-B and activation of ADRV-B is approximately 100
nanoseconds (i.e., ADRV-B is produced by the same CLOK-F pulse that clears the GRAB
flip-flop). ADRV-B initiates operation within the addressed device (read/write
memory, ROM and status, interface, or the graphic contreller).

The addressed device responds by generating a low MEMA-B* (memory acknowledge)
signal. The period between activation of ADRV-B and activation of MEMA-B is a '
function of the addressed device card and can range from a few hundred nanoseconds .
to seven microseconds. In a READ operation, MEMA-B indicates that the addressed
device has placed valid data on the DAnn-B processor data bus. In a WRITE operationm,
MEMA-B indicates that the addressed device has taken data from the DAnn-B bus.
Activation of MEMA-B terminates ADRV-B, whose active period is a function of the
addressed device circuit. Following activation of MEMA-B (and, in the case of a read
operation, following acceptance of data from the bus), the display processor gener-
ates an internal BUSF- (bus finished) signal. This signal clears the BUSC fllp—flop
in the display processor, terminating BUSB-B and relinquishing bus control.

*MEMA-B (memory acknowledge) is a general response/acknowledge signal, generated by ' ‘: )
any addressable device/register on the bus. It is not limited to memory accesses. -
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When the display processor's GRAB flip-flop clears, the GRAI+ input to the
graphic controller goes high, but the active BUSB-B signal continues to inhibit the
conditioning gate for the BUSC flip-flop in the graphic controller card (see figure
3-1). 1If the GRAR+G signal is still active (or has become active again), deactiva-
tion of the BUSB-B signal at the end of the display processor's control cycle permits
the BUSC flip-flop to be set by the next CLOK-F pulse (see figure 3-2). This condi-
tion initiates a graphic controller sequence, letting the following CLOK-F pulse set
the BUSC flip-flop.in the graphic controller to reactivate the BUSB-B signal. These
conditions remain in effect until the graphic controller completes its function and
activates its BUSF-G signal to clear its BUSC flip-flop, releasing the BUSB-B
processor control line once more.

3.3.3 INTERRUPT LOGIC. Figure 3-3 is a simplified diagram of the interrupt logic
contained on all processor subsystem cards that can interrupt the program. The
interrupt logic on different cards varies in detail, but the functions shown are
common. The interrupt logic operates in conjunction with the bus grant circuit.
The associated bus grant circuit is repeated in figure 3-3 to show its control of
interrupts. A simplified timing diagram is also included to show approximate time
relationships.

A card set up to interrupt the program first generates an initial, high-level
interrupt request signal or flag. This flag is the conditioning input to the
INTERRUPT flip-flop. Except for a sync-link condition, all interrupts are program—
maskable, and the mask must be enabled before the interrupt flag can be generated.

‘ At the end of every instruction cycle, the display processor activates the

IREQ-D (interrupt request) control line to sample all interrupt logic circuits to
determine their interrupt request status. On any card which has an active .
interrupt-request flag, IREQ-D both sets of the applicable INTERRUPT flip-flop and
gates the resultant INLn-B (interrupt level) signal pulse from the card. In figure
3-3, the INTERRUPT flip~flop activates INL7-B, the highest of three jumper-selectable
priority levels.

The display processor senses all INLn-B signals simultaneously. If the display
processor's program status word (PSW) determines that the interrupt being requested
is of a higher priority than the current program operation, the PSW enables an
interrupt sequence by (a) forcing the highest activated priority INLn-B lines low
(if more than one went active) and (b) activating the IENA-D (interrupt enable) con-
trol line to enable the GRAB flip-flop on the card. These conditions (INTERRUPT
flip-flop set, INLn-B reactivated, and a low-going IENA-D signal) enable the INTER-
RUPT gate, activating the GRAR+ flag to_the GRAB flip-flop. This flip-flop is set
by the next CLOK=F pulse, and its GRAB Q output disables the GRAO+ gate to deactivate
the GRAO+B output from that card, thus disabling all following lower-priority cards.,

If the processor bus is not busy (BUSB-B is high), the conditioning gate is
enabled for the BUSC flip-flop on that card, which is set by the next CLOK-F pulse.
This, in turn, activates the BUSB-B control line to all other cards on the processor
bus, while the low Q BUSC flip-flop output enables trap address drivers on the card.
These drivers then place the applicable trap address (usually a ROM output accessed
by the same signal conditions that caused the original interrupt-request flag) on the
DAnn-B data bus for transfer to the display processor as a program branching command.
Setting the BUSC flip-flop also clears the INTERRUPT flip-flop and initiates an
interrupt complete condition within the interrupt request circuit, deactivating the
interrupt-request flag. When the following CLOK-F pulse appears (approximately 100
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nanoseconds after BUSB-B goes active), the low Q BUSC flip-flop output is loaded into
the IADV flip~-flop, sending a low IADV-B (interrupt address valid) signal to the
display processor as a command to read the trap address. After accepting the trap
address, the display processor deactivates IENA-D, clearing the GRAB and BUSC flip-
flops to terminate the interrupt cycle on the applicable circuit card.

-

The display processor then handles the interrupt.
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3.4 READ/WRITE MEMORY

NOTE

If your system contains large read/write
memory cards, skip this paragraph and refer
instead to Sanders' H-78-0408.

The terminal controller may contain up to three read/write memory cards, each
capable of storing up to 8,192 separately addressable 16-bit words, or up to 16,384
separately addressable 8-bit bytes.

All read/write memory cards are identical and can operate in any card cage slot
from XAl through XA7. The preferred location is at the lower end of the card cage.
Each card contains a manually set address selector switch that establishes the value
of its address.

The read/write memory cards connect to the processor bus. They are controlled
by signals from that bus, but they do not take control of the bus.

Any circuit card connected to the processor bus can write data into a specific
memory location by:

1. Seizing control of the bus.

2. Placing the desired address on the ADnn-B lines and the desired data on
the DAnn-B lines.

3. Grounding the WRIT-B (write command) and ADRV-B (address valid) control
lines.

The same circuit cards can read out stored data onto the DAnn-B lines by the
same procedure, except that WRIT-B .remains high.

When the memory card is mot responding to read or write instructions, it con-
tinuously refreshes itself.

3.4.1 MAJOR CIRCUITS. Figure 3-4 is simplified block diagram of the read/write
memory card. The following paragraphs describe the functions of each major circuit.

Memory Card Address Select. This circuit compares the binary value of bits
AD14-B through AD17-B with the settings of the manual switch to determine if the
card is being addressed. The manual switch lets each read/write memory card be set
for 40,000 octal byte locations, as shown in table 3-5.
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Table 3-5. Read/Write Memory Card Addressing

AD17-B  AD16-B  AD15-B  AD14-B ADDRESS SELECTION

High' High High High First 40,000 locations (000000, thru
0377778), identified as memory card no. 1

High High High Low Second 40,000 locations (040000, thru
0777778), identified as memory card no. 2

High High Low High Third 40,000 locations (100000, thru
1377778), identified as memory card no. 3

Memory Cycle Control and Bus Time-Out Logic. This circuit responds to processor
bus control signals or to the refresh oscillator clock train. It performs the
following functions:

1. It directs the address multiplexer to select the proper address (address
bus bits or the output of the refresh counter).

2. It directs the data bus transceiver to accept memory write data from the
data bus lines, or to place memory read data on the data bus lines.

3. It generates the memory page select and strobe signals.

4. It generates the MEMA-B (memory acknowledge) to indicate the completion of
a memory read or write cycle.

5. It generates the BTOM-M (bus timeout) signal if the read or write cycle
could not be completed.

Refresh Oscillator. This circuit generates a 123.33 kHz OSC+ clock train.

_ Refresh Counter. This circuit produces a constantly stepping 6-bit refresh
address word that goes to the address multiplexer, and a 66.667 kHz timing signal
that goes to the memory cycle control and bus time-out logic.

Address Multiplexer. This circuit determines which 6-bit address is applied to
each storage cell in both read/write memory pages. This circuit selects either an
address from the ADO1-B through AD12-B lines, or the output of the refresh counter.

Random Access Memory. This circuit accepts and stores data bits from the
processor bus data lines during a write operation, or reads the stored data out.onto
the data lines during a read operation. When not engaged in reading or writing, the
memory is continuously refreshed by the stepping address from the refresh counter and
strobes from the memory cycle control and bus timeout logic.

The memory consists of two pages. Each page contains 16 storage devices (chips).
Each chip is a 4096 x 1-bit device; thus each page can store 4096 16-bit words, and
the entire memory card stores 8192 16-bit words. See figure 3-4.

Bit AD13-B is the page select bit. A high bit AD13-B selects page 0, a low bit
AD13-B selects page 1.
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When BYTE-B is low, the memory is in byte mode. Bit ADOO-B is the byte select
bit. A low bit ADOO-B selects the low order byte, a high bit ADOO-B selects the high
order byte. When BYTE-B is high, the memory is in word mode.

Byte Swap Logic. This circuit comprises two circuits: dinput byte swap and
output byte swap.

When the memory is in byte mode, these circuits make possible the following
alternatives:

1. Write a high order data byte into a high order memory location.

2. Write a low order data byte into a high order memory location.

3. Read a low order byte from memory onto the low order data bus lines.

4, Read a high order byte from memory onto the low order data bus lines.

When the memory is in word mode, high order data bytes are always written into
or read from high order memory locations, and low order data bytes are always written
into or read from low order memory locatioms.

Data Bus Transceiver. This circuit provides 3-state connections between the

processor bus data lines and the read/write memory card circuits. The three states
.are high, low, and high impedance (essentially open). '

The transceiver passes data bits DAnn-B to the memory as Dnn at all times.
When so directed by the OUTL- and OUTH- signals from the memory cycle control logic,
the transceiver passes the Onn memory output data to the processor data bus lines. (T
When the. OUTL- and OUTH- signals are high, the connections from Onn to the DAnn-B
lines are a high impedance load.

Voltage Regulation Circuits. These circuits process the standard +5V and +15V
input to produce regulated +5V, +12V, and -5V (the latter two voltages required by
the MOS memory devices).

3.4.2 OPERATION. The read/write memory performs three operations:
1. A write cycle to store data in memory.
2. A read cycle to fetch data from memory.
3. A refresh cycle to preserve the stored data.

The memory cycle control circuit responds to the ADRV-B signal (following
completion of any refresh cycle already in process, by:

1. Inhibiting the refresh timing logic.
2. Enabling the bus time-out logic.

3. Activating one or both of two write commands to the memory devices. If
BYTE-B is high (word mode), the circuit activates both WRIL- (which con-
nects to the memory devices that receive data inputs D00 through DO07) and (:
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WRIH- (which goes to memory devices receiving data inputs D08 through D15).
If BYTE-B is low (byte mode), the circuit activates only one of these, as
determined by the state of ADOO-B.

The memory cycle control circuit places a ground on one of two RASn+ (row
address select) outputs to the memory devices. If page select bit AD13-B is high,
RASO+ goes low, enabling the first 4K x 16-bit memory page. If AD13-B is low, RASI+
goes low, enabling the second 4K x 16-bit memory page. In either case, the setup
logic inside the selected memory devices automatically refreshes the addressed row
of 64 storage cells.

After a brief delay to allow completion of the setup/refresh operation, the
memory cycle control logic grounds the ROWT+ output to the address multiplexer.
The address multiplexer then passes bits ADO1-B through ADO6-B to the memory devices.
After another short delay to let the new address bits settle, the memory cycle con- :
trol logic produces low CASO- and CAS1- (column address select) outputs. The memory
devices accept the new 6-bit An word as the column address of a specific storage cell
in the previously addressed row. This means that the applicable cell in whichever
page received the low RASn+ signal stores the current value of the Dnn bit, passed
to it by the data bus transceiver and the input byte swap circuit.

The memory cycle control logic then terminates the column and row address com-
mands, leaving the stored value in place. At the same time it places a ground on
the MEMA-B (memory acknowledge) line. This informs the device that has control of
the bus that the read/write memory has stored the given data, and the bus can now
be released. The controlling device terminates the ADRV-B signal. The trailing
edge of ADRV-B terminates MEMA-B, clears the bus time-out logic, and releases the
memory cycle control circuit for another operation (read, write, or refresh).

Read Cycle Operation. The read cycle operates with the same handshaking logic
and timing as the write cycle, except that the WRIT-B line remains high. As a result, =
both WRIL- and WRIH- write commands from the memory cycle control logic are
inhibited.

The bus controller first places the address on the ADnn-B lines, then grounds
ADRV-B to confirm that the address is valid. The memory cycle control logic grounds
the applicable RASn+ row select command with ROWT+ high. This action selects:

1. Bits ADQ7-B through AD12-B as the An address.

2. One of 64 rows of memory cells in each device. This selection refreshes
"the stored value in each cell in that row.

ROWT+ is then grounded, switching the address multiplexer to pass bits ADO1-B
through AD06-B, and the CASn-~ column select lines are grounded to selectthe one
cell common for both selections for readout.

If BYTE-B is high (word mode), the memory cycle control logic produces low OUTL-
and OUTH- signals. The eight high order bits pass from the memory devices through
the data transceivers to the high order data lines. The eight low order bits pass
from the memory device through the output byte swap circuit and the data transceiver
to the low order data lines.
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If BYTE-B is low (byte mode), the memory cycle control logic produces only the
low OUTL- signal, enabling the low order half of the data transceiver. The state of
ADOO-B determines which memory byte passes through the output byte swap circuit to
the data transceiver: a high ADOO-B selects the low order byte, a low ADOO-B selects
the high order byte.

The memory cycle control logic gives these signals time to stabilize on the
processor bus, then grounds the MEMA-B line. The card in control of ‘the bus responds
by loading the DAnn-B word into its own data register, then terminates the ADRV-B
signal, clears the MEMA-B and OUTL-/OUTH- signals, and released the memory cycle
control logic for its mext operation (read, write, or refresh).

Initialization. Fach read/write memory card is initialized when the output
channel card produces a low-going TORN-O pulse at power-on. This input clears the
basic timing logic in the memory cycle control circuit, establishing a starting
setup for the memory refresh function. Nothing exists in memory to be refreshed
until the information is written in.

Write Cycle Operation. When a circuit card seizes control of the processor bus:
to write data into the read/write memory, the seizure follows a specific sequence:
the 18-bit memory address is placed on the ADnn-B lines; the 16-bit data word is
placed on the DAnn-B lines (or an 8-bit byte is placed on the eight least-significant
DAnn-B lines and the BYTE-B line is grounded), the WRIT-B (write command) lines is
grounded, and then the ADRV-B (address valid) line is grounded.

The DAnn-B data bits pass through the data bus transceivers on all read/write
memory cards as the Dnn bits, applied to both memory pages on each card. If the
BYTE-B signal is high, the full 16-bit Dnn word connects to the memory devices. If
BYTE-B is low, the ADOO-B signal controls the input byte swap circuit. If ADOO-B
is low, only the low order byte is taken, and it goes to the high order memory
location. If ADOO-B is high, the high order byte is taken, and it goes to the high
order memory location. '

At the same time, the four most-significant address lines are decoded by the
memory card address select circuit. Only one memory card discovers a match between
the address code and its own switch settings. That card's address select circuit
enables its memory cycle control circuit. The corresponding circuits on other read/'
write memory cards are inhibited. ’

When the memory cycle control circuit is enabled, its initially high REFB~-
(refresh B) and ROWT+ (row time) signals cause the address multiplexer to select
address lines ADO7-B through AD12-B as the 6-bit address applied to all memory
devices. This address selects one of 64 rows of storage cells in each memory chip.

Finally the arrival of the low ADRV-B signal triggers the memory cycle control
and bus time-out logic on the addressed card, initiating a single memory cycle
sequence. The other memory cards remain inhibited.

Refresh Cycle Operation. The refresh cycle is an independent timing function
on each read/write memory card, operating continuously without external control.
While any read/write memory card is undergoing either a write or read operation, the
refresh logic is inhibited until the operation is complete. The refresh operation
is timed by the free-running refresh oscillator. The 0SC+ clock produces a 7-bit
binary address from the refresh counter circuit, with LSB signal REFC+ applied to the
memory cycle control logic and the other six bits applied to the address multiplexer.
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Each time REFC+ goes high (i.e., every other O0SC+ clock pulse), its high-going
edge interrogates the current status of the memory cycle control logic. If no read
or write cycle is in process, the memory cycle control logic goes into a refresh
cycle. If a read or write cycle is in process, the refresh cycle is delayed until
that output/input cycle is done. The memory cycle control logic then (a) grounds
the REFB- signal, which internally triggers the timing sequence and prevents that
logic from responding to any ADRV-B signal until the refresh cycle is done, and (b)
sets the address multiplexer for refresh address selections.

The address multiplexer then selects the other six bits of the refresh counter
output as the An address to the memory storage devices. This address remains in
effect while the memory cycle control circuit grounds both RASO+ and RAS1+ row-select
commands and both CASQO- and CAS1 column-select commands. This arrangement means that
all storage cells in the An-designated row are refreshed. Since no memory write or
output enable command gets activated, no Dnn values are stored and no Onn values are
produced.

The refresh cycle ends by clearing the RASn+, CASn-, and REFB- signals, thus
releasing the memory cycle control logic for regular read/write operation. If no
such cycle is requested by the processor bus at that time, conditions remain static
while the refresh oscillator increments the refresh counter again. When REFC+ again
goes high, the memory cycle control circuit repeats this same timing sequence, this
time refreshing the rows of storage cells addressed by the next higher An value.
This cycle operation repeats through all 64 steps of the refresh counter, refreshing
all storage cells in each memory device within a total period of less than two milli-
seconds. The refresh counter then returns to zero value and starts through the same
64-step incrementation sequence again, repeating the same sequence indefinitely as
long as the system remains powered.
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3.5 PARALLEL INTERFACE

NOTE

If your GRAPHIC 7 system contains a paral-
lel interface that has its own technical
manual, skip this paragraph and refer to
that manual instead.

The parallel interface allows input/output communications betweeen the GRAPHIC 7
system and the host computer. The interface card is designed for easy modification
during assembly to accommodate different host computers and applications. For exam-
ple, host/interface communications pass through buffer gates that can be jumpered to
produce the positive logic (active high) conditions used on the parallel interface
card. If the host computer uses negative logic (active low) signals, the buffer
gates are inverters. If the host computer uses positive logic (active high) signals,
the buffer gates do not invert.

Other special requirements are acccommodated by convenient :jumper selections
between lug terminals on the parallel interface card. These jumper selections
include: subordinate addressing, word/byte mode selection, interrupt priority, or
other special conditions as required. Refer to Section 4 for instructions.

The basic functions of the parallel interface card are:

1. To pass a system initialization command from the host computer to the
GRAPHIC 7 system.

2. To generate a GCP+ interrupt when the host computer announces that it has
output data for the GRAPHIC 7 system.

3. To accept output data from the host and pass it to the appropriate desti-
nation in the GRAPHIC 7 system: the display processor for single-word
transfers, the read/write memory for multiword transfers.

4. To accept data from the display processor or read/write memory and pass it
to the host computer.

5. To generate a GCP+ interrupt after the host computer accepts a GRAPHIC 7
input (either single word or multiword).

6. To perform internal housekeeping activities, and monitor and report
status.

3.5.1 SIGNAL CONNECTIONS. The parallel interface card connects through Jl to all
the display processor buses, including the 16-bit DAnn-B data bus, the 18-bit ADnn-B
address bus, and all bus control and interrupt lines (see paragraph 3.2.1).

The parallel interface connects to the host computer through a 2-way cable
attached to edge-mounted connectors J2 and J3.
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Connector :J2 receives a 16-bit parallel output-data word, ODOOx* throughVODISt;"T

plus a variety of handshaking signals concerned with host computer output data ’
transfers.** This connector also receives an INIT* host computer output, represent-—

(«

ing a system reset command. Tables B-1 and B-2 (Appendix B) list the J2 input and j

output signals and define their functions.

Connector J3 passes a 16-bit parallel input data word, ID00* through ID15%,
plus a variety of handshaking signals concerned with host computer input data

transfers. Tables B-3 and B-4 in Appendix B identify the J3 input and output signalég‘

and define their functions.

3.5.2 PARALLEL INTERFACE INTERNAL BUSES. The parallel interface contains two

internal buses: the 16-bit IOnn+ input/output data bus, and the 16-bit STnnt+ status
bus. :

The IOnnt+ bus carries the following signals:

1. ODnnt data words from the host computer. These signals go either to the

DAnn-B processor data bus or to storage registers on the parallel interface
card.

2. DAnn-B data words from the processor bus. These signals go to storage
registers on the parallel interface card, including the host input data
register which, in turn, places the data on the IDnn* bus for transmission
to the host computer.

3. Data stored in various registers on the parallel interface card. These
signals go either to the DAnn-B processor bus for distribution to other
GRAPHIC 7 circuits, or to the host input register on the parallel inter-
face card for transmission to the host computer on the IDnnt bus.

The 16-bit STnnt+ status bus carries various control and monitoring signals.
Certain STnn+ bus bits represent GCP+ commands that establish the correct logic
setup for specific operations. Other bits represent monitoring signals that direct
the GCP+ to sequence from one program function to another.

3.5.3 MAJOR CIRCUITS (See figure 3-7)

Reset and Timing. An active REST-B input from the display processor is con-
verted to REST+ and REST- signals to establish initial conditions throughout the
parallel interface card. Similarly, the CLOK-F clock train from the ROM and status
logic card is converted to a CLOK+ pulse train for use within the parallel interface.

*Those input/output signals ending with * can be true in either state, depending on
the type of computer used. The parallel interface card gets wired so that all
logic true outputs from the host computer are received as high logiec levels, and
all logic true inputs to the host computer are logic highs up to the point where
they enter the input buffer gates.

*%*Unless otherwise specified, the terms input and output are referenced to the host
computer.
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Data Multiplexer/Storage. This circuit selects the source for the data on the

16-bit IOnn+ bus. It enables the proper register to store the resultant data; it
also causes the associated buffer gates to pass that data when appropriate. The
data multiplexer controls operation of the buffer gates, passing ODnnt output data
from the host computer to the IOnnt+ bus. The data multiplexer also controls the
gating circuits to and from the DAnn-B processor data bus.

The storage registers include:

1.

2.

Host input data register. This register receives inputs from the IOnn+
bus; its output goes to the IDnnt bus as an input to the host computer.

Memory address register. This register receives inputs from the IOnnt+
bus; its output goes to the ADnn-B processor address bus and represents
a specific memory address for a read or write operation.

Word count register. This register receives inputs from the IOnn+ bus;
its output is a WC#0 signal that stays active as long as there remains
data to be transferred during a DMA (direct memory access) sequence. An
LED on the card lights when this register is empty (WC+0) and goes out
when this register contains any word count value (WC#0).

Status register. This register receives inputs from the IOnn+ bus and

from other circuits. The hardware that makes up this register consists
of elements that are actually contained in other circuits. The status

register outputs can be read on the IOnnt+ bus.

Instruction Decoder. This circuit receives as inputs the ADO1-B and AD02-B

signals from the processor address bus, and the WRIT+ and ADRV+ signals from the
processor control bus. Its outputs are read and write commands that go to different
registers in the data multiplexer/storage circuit. A write command tells the
addressed register to accept data from the IOnn+ bus. A read command tells the
addressed register to place its contents on the IOnnt+ bus.

Sequence Decoder. This circuit controls the sequence of input/output transfers

between the parallel interface and the host computer.

The sequence decoder is a state counter. It increments from one count to
another when it detects different control signals. Each count represents a specific
state in the input/output transfer sequence, and is accompanied either by command
signals that operate on another circuit, or inhibit signals that prevent further:
actions until the action in process is completed.

The counting sequence varies, depending on whether the specified operation is
an input transfer or an output transfer, and whether the operation is a single-word
transfer or part of a DMA sequence. LED indicators DS1 through DS4, mounted on the
parallel interface card, give a continuous readout of the count. Figure 3-6 shows
the indicator convention.

Figure 3-8 shows different counter sequences for each type of input/output
transfer, including single word transfers and DMA transfers. Each state of the
sequence decoder is represented by a large circlei The small circles give the count

value.
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Interrupt and Processor Bus Control. This circuit controls the transfer of
data between the parallel interface card and the GRAPHIC 7 processor bus. To per-
form this function, the circuit monitors the STnnt+ status bits and the control lines
of the processor bus. Its outputs are timing and enabling signals that:

1. Transfer data to another GRAPHIC 7 card by seizing control of the bus,
place the device address and the data on the bus, activate ADRV-B, and
wait for the MEMA-B response from the receiving device.

2. Receive data from another GRAPHIC 7 card, steer the data to the appropriate
storage register, and generate the MEMA-B response.

The interrupt circuit is triggered by signals from the sequence decoder when
single-word input or output transfers are processed, or at the end of a DMA trans-
fer. This circuit interrupts the GCP+ and sends a trap address to the display
processor. The trap address indicates the type of interrupt condition detected by
the sequence decoder, and branches the GCP+ to the applicable firmware subroutine.
Table 3-6 lists the parallel interface interrupt trap addresses.

Table 3-6. Parallel Interface Interrupt Trap Addresses
TRAP ADDRESS
INTERRUPT 1ST CARD 2ND CARD 3RD CARD 4TH CARD
Input 120 400 420 440
Output 124 404 424 444
Attention 130 410 430 450

Handshaking Logic. This circuit sends discrete signals to the host computer
for handshaking control of all I/O transfers between the parallel interface and the
host computer. The circuit consists of an input section and an output sectionm.

1. The output section responds to an active OCTL+* signal from the host com-
puter. After the parallel interface has stored the data from the computer,
the handshaking logic sends both an OWR* signal and an ODRt signal. The
OWR* signal remains active until the host computer terminates its OCTL%
output. The output handshaking logic also includes an OMR* signal (a
replica of status bit STOO) that can be programmed for unique applicationms.

2. The input section sends an IWR* signal to the host computer after valid
input data have been placed on the IDnnt interface bus. When the host
computer responds by sending its ICTL* signal, the input section terminates
IWR* and sends an NDRY+ pulse. The input handshaking logic also includes
an IMR+ signal (a replica of status bit ST12) that can be programmed for
unique applicationms.

Initialize Buffer Gates. These circuits convert INIT+* signals from the host
computer into low SYST-B signals that go to the display processor to initiate a
terminal controller system reset sequence.
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3.5.4 OPERATION. The parallel interface performs the following types of operation:
1. Receive single-word output from host computer. ,(%

2. Receive DMA transfer from host computer.

3. Send single-word input to host computer.

4. Send DMA transfer to host coﬁputer.

In performing these operations, the parallel interface also communications with
the display processor and the read/write memory; it generates GCP+ interrupts and:

status signals.

The following paragraphs describe initialization and operation in each of the
various modes.

3.5.4.1 Initialization. There are two initialization signals: INIT* from the host
computer and REST-B from the display processor.

An active INIT* signal from the host computer enters the parallel interface at
J2-47, passes through two or three inverters (depending on the jumper commection at
E94) and leaves the parallel interface at J1-43 as a low STST-B that goes to the
display processor. The display processor responds by making REST-B low.

A low REST-B signal from the display processor enters the parallel interface
at J1-41 and performs the following actions:

1. Clears the interrupt and bus control circuits. ‘Z

2. Clears the data multiplexer storage registers; memory address and word
count go to zero. :

3. Clears the sequenceadééoder; the parallel interface card goes to State O.
4. Clears the handshaking logic.

In this condition the parallel interface is ready to receive commands and data
from either the GCP+ (over the processor bus) or the host computer (over the inter-
face bBus).

3.5.4.2 Status Setup. 1In its cleared state; the parallel interface is unable to

report anything to the GCP+. Early in the GCP+ setup sequence for I/0 processing, v
therefore, the GCP+ writes a new status word. This word establishes interrupt enable \
conditions and any other desired applications (e.g., extended memory address, program-—
‘med handshaking requests, etc.). Table 3-8 lists each status bit and its function. :

To load the status word into the parallel interface, theVGCf;?biaéeé that word
on the data bus (DAOO-B through DA15-B)*, then places the address for the parallel
interface status register on the address bus (ADOO-B through AD17-B). See table 3-7.

*Status bits 04, 07, 08, 09, 10 and 15 are read-only bits, not loaded by GCP+. They
get generated by the parallel interface.

(: ;
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Table 3-7. Parallel Interface Register Addresses

ADDRESS
REGISTER 1ST CARD 2ND CARD 3RD CARD 4TH CARD
Word count 172410 . 172430 172450 172470
Memory address 172412 172432 172452 | 172472
Status 172414 172434 172454 172474
Data 172416 172436 172456 172476

The display processor then generates the low BUSB-B, WRIT-B, and ADRV-B signals.
These conditions make the instruction decoder in the parallel interface send a WSTA-
(write status) command to the data multiplexer/storage logic. The status registers
accept and store the bits of the DAnn-B data word, placing them on the status bus
to other parallel interface circuits. These status bits remain in effect until the
next status update instruction arrives. The parallel interface generates a low
MEMA-B to indicate it has Tecognized its card address.

Table 3-8. Parallel Interface Status Register Bit Description

BIT IDENTIFICATION DESCRIPTICON

00 OMR+ Program read/write, cleared by processor
(output message bus reset. This bit can be programmed as
request) (spare required and presents an OMRt* signal to the

bit #1) (TEST1-0UT) host computer. When J2/J3 test strap is
connected, this signal triggers the NDRY
single-shot.

01 MAR16 Program read/write, cleared by processor

(memory address bus reset. This bit is used in conjunction
register bit 16) with standard memory address register out-

puts (MARnn) to expand DMA addressing
capability to 64K words (128K bytes).

02 MAR17 ' Program read/write, cleared by processor
(memory address bus reset. This bit is used in conjunction
register bit 17) with standard memory address register out-

puts (MARnn) to expand DMA addressing capa-
bility to 128K words (256K bytes).

03 MODE+ Program read/write, cleared by processor
(DMA I/0 mode) bus reset. When set (bit = 1), indicates

input operation (word transfers from
GRAPHIC 7 to the host computer). When
cleared (bit = 0), indicates output opera-
tion (word transfers from host computer to
GRAPHIC 7). The GCP+ writes this bit be-
fore a DMA sequence after decoding message
header instructions, and leaves it unchanged
until the DMA sequence is completed.
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Table 3-8. Parallel Interface Status Register Bit Description (Cont)

BIT IDENTIFICATION DESCRIPTION
04 DMAC+ Program read-only, cleared by processor bus
(DMA complete) reset or by start of DMA sequence. Normal-

ly set condition (bit = 1) is cleared when
sequence decoder activates :status bit 08
(word count # 0) and remains cleared until
the write-status clock signal triggered by
end of DMA sequence finds status bit 08
returned to normal inactive state (word.
count = 0). Also receives set command with
activation of input interrupt request
(IINT-) from sequence decoder (effective
only if status bit 08 is low and sequence
decoder is not at State 0).

05 OWR+ Program read/write (set only), cleared by
(output word processor reset. The sequence decoder sets
received) this bit to acknowledge receipt of host-output

‘data announced by an active OCTL* (output
control) handshaking signal from host com-
puter before each output-word transfer.
When set, the OWR+ bit sets up the I/O
transfer timing logic for output-transfer
operation and triggers a 150-nanosecond
ODR+ (output data received) pulse to the
host computer. This bit is cleared when
status register bit 07 is deactivated by

¢ termination of OCTL* in response to either
OWR* signal or associated ODR* pulse.

06 EQOUT+ ' Program read/write, cleared by processor
(enable output bus reset. This bit can be programmed as
interrupt) required to enable (set) or mask (reset)

output interrupts initiated by host com-
puter announcement of output data. When
set (bit = 1), this bit enables generation
of GCP+ output interrupt when the sequence
decoder is stepped to State 9 by an initial
OCTL* handshaking signal from the host com-
puter or following completion of a DMA
output-transfer sequence.

07 SYOC+ . Program read-only, cleared by processor bus
(synchronized reset. This bit is set following detection
output control) of an active OCTL* (output control) output

. from the host computer, and remains set
until that OCTL* signal is deactivated.
While set (bit = 1), SYOC+ establishes
output—-transfer setup conditions and re-
leases OWR-generation and certain interrupt
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Parallel Interface Status Register Bit Description (Cont)

DESCRIPTION

Table 3-8.
BIT IDENTIFICATION
07
(Cont)
08 WC#0
(word count # zero)
09 ATN1+
(attention #1)
10 ATN2+
(attention #2)
11 Spare attention
interrupt enable
IMR+

12

(input message
request) (spare
bit #2) (TEST2-0UT)

generation functions; when reset (bit = 0),
SYOC+ clears OWR+ signal (bit 05) and same
interrupt functions.

Program read-only, cleared by processor bus
reset. This bit reflects the sign bit of
the word count register and is set whenever
that register is loaded with any two's com-
plement value designating an absolute number
of DMA-block words remaining to be trans-
ferred. It is cleared when the word count
register is incremented to zero value, in-
dicating that all DMA block words have been
transferred.

Program read-only. ATNl+ reflects the state
of a host computer signal called ATN1l#+, and
allows the host computer to provide any
applicable handshaking condition or timing
signal. For some host computers, ATNI+ is
associated with a host-initiated interrupt
triggered on circuits added to the standard
parallel interface.

Program read-only. ATN2+ reflects the state
of a host computer signal called ATN2*, and
allows the host computer to provide any
applicable handshaking condition or timing
signal. For some host computers, ATN2+ is
associated with a host-initiated interrupt
triggered on circuits added to the standard
parallel interface.

Program read/write, cleared by processor bus
reset. Spare can be programmed as required.
Not used for the standard interface card,
this bit is normally reserved as an enabling
bit for any attention-interrupt circuit 'that
might be added as a circuit modification for
a specific host computer.

Program read/write, cleared by processor bus
reset. This bit can be programmed as re- .
quired and presents an IMR* signal to the
host computer. When J2/J3 test strap is
connected, this signal enables/inhibits re- :
set of OWR flip-flop.
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Table 3-8. Parallel Interface Status Register Bit Description (Cont)

BIT IDENTIFICATION DESCRIPTION

13 IWR+ Program read/write, cleared by processor bus
(input word reset. For single-word input transfers,
request) the GCP+ loads the input data word into the

host input data register, then sets this
IWR+ bit to announce data availability. For
DMA input transfers, the parallel interface
bus control logic initiates a memory trans—
fer of DAnn-B data to the IDnn* interface
bus, then sets this IWR+ bit. In either
case, the sequence decoder clears this IWR
bit when the host computer activates its
ICTL* handshaking signal to confirm data

receipt.
14 EINP+ Program read/write, cleared by processor bus
(enable input- reset. EINP+ can be programmed to enable
interrupt) (set) or mask (reset) GCP+ input interrupts

initiated by host computer command for input
data. When set (bit = 1), EINP+ enables
generation of a GCP+ input interrupt when
the sequence decoder is stepped to State 7
by activating the ICTL* handshaking signal
from the host computer for each single-word
input transfer, or following the final input
transfer of a DMA input-transfer sequence.

15 INR+ Program read-only, cleared by processor bus

(input busy) reset. When high, INR+ indicates a trans-
fer of GRAPHIC 7 data to the host computer
is in process. The bit goes active when
status bit 13 (IWR+) is set, indicating
that DAnn-B data have been loaded into the
host input data register and are available
on the IDnnt interface bus. The INR+ stays
active until the host computer terminates
the ICTLt handshaking signal to announce
receipt of the data word.

3.5.4.3 Single Word Output Transfers. Output transfers are either single word
transfers (comprising commands to the GCP+) or multi-word transfers (comprising
complex instructions or data).

Table 3-9 shows the sequence of events for single-word output transfers; refer
also to figures 3-8 and 3-9.
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Table 3-9.

Single-Word Output Transfer Sequence

HOST COMPUTER

PARALLEL INTERFACE

DISPLAY PROCESSOR

Places 16 bits of data on
0ODnn+* interface data bus,
activates OCTL* line.

Terminates ODnnt* and
OCTL*.

Change from State 0 to
State 9, primes inter-
rupt circuit.

On receipt of IREQ-D,
sends INLx-B to display
processor (if status bit
ST06 was previously set).
Changes from State 9 to
State 10.

Seizes processor bus,
sends 