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NOTICE
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1.0 INTRODUCTION TO THE 9000 SERIES

Each of the 9000 Series is a classic refresh memory type graphic display
system in which enough memory is provided in order to correspond to
every visible element on the video monitor. Furthermore, in the 9000
Series more than one memory bit is utilized per element to achieve levels
of intensity (grey scale level) or color. The 9000 Series is a family
of low cost raster scan graphic display systems which are optimized for
cost sensitive imaging and graphics applications. All of the models
within the 9000 Series utilize the same Printed Circuit (PC) boards.

The various models represent low, medium and high resolution displays
which are configured by various interconnections of the basic 256 line
by 320 element memory plane building blocks. Variations within each of
the three basic models are achieved by changing monitor synchronization
timing signals. The 9000 Series variations are summarized in Table 1-1A
on the following page. Each of the 9000 Series may contain up to 12
memory planes and are optimized for image data throughput. They contain
a high speed 8080 microprocessor which also provides a powerful means of
implementing graphic, cartesian, raster, alphanumeric, rectilinear,
vector and conic modes of display. The descriptions shown in Table 1-1A
apply to all models of the 9000 Series.

NOTE

It is assumed that the reader has a thorough working
knowledge of the 8080 microprocessor. For additional
information about the 8080, the user may wish to con-
sult the publication INTEL 8080 Micro Computer Systems
User Manual.

PIV-000020



TABLE 1-1A 9000 SERIES RESOLUTION/LINE RATE LISTING

&, &
& Q o
§ &
CONFIGURATION Qfg :’?’ Q &/;,éc‘}’ & &é’
& o &[S [TE
& LF (585 /&8s
VISIBLE EE G [9 S& S
MODEL LINES X FORMAT “ &
ELEMENT KEYWORD /(Hz) /[(Hz) /[(Hz)
RM9100 240x320 R BROADCAST 60 60 60 262
Low 240%320 I BROADCAST 30 60 | 60 525
RESOLUTION
256x320 R STANDARD 60 60 60 279
256x320 I STANDARD 30 60 60 559
256x320 R EUROPEAN 50 50 50 312
256x320 I EUROPEAN 25 50 50 625
256x320 R STANDARD 50 50 50 279
256x320 I STANDARD 25 50 50 559
RM9200 240x640 R BROADCAST 60 60 60 262
MEDIUM 240%x640 I BROADCAST 30 60 60 525
RESOLUT ION
256x640 R STANDARD 60 60 60 279
256x640 I STANDARD 30 60 60 559
256x640 R EUROPEAN 50 50 50 312
256x640 I EUROPEAN 25 50 50 625
256x640 R STANDARD 50 50 50 279
256x640 I STANDARD 25 50 50 559
RM9300 480x%640 I BROADCAST 30 60 60 525
HIGH
RESOLUTION 512x640 I STANDARD 30 60 60 559
512x640 I EUROPEAN 25 50 50 625
512x640 I STANDARD 25 50 50 559
LEGEND: R = REPEAT FIELD.3 FIELD "A" IS IDENTICAL TO FIELD "B".
I = 2:1 INTERLACED? SCAN.
NOTES:
i. IN COLUMNS WHERE NOTE 1 IS INDICATED,
60 HZ IS ACTUALLY 59.94005 HZ,
50 HZ IS ACTUALLY 50.00000 HZ,
30 HZ IS ACTUALLY 29.97003 HZ,
25 HZ is actually 25.00000 HZ.

IN AN INTERLACE FIELD SYSTEM ONE FRAME = TWO FIELDS.

IN A REPEAT FIELD SYSTEM ONE FRAME = ONE FIELD. THAT 1S, ONE
FRAME~-TIME = A FIELD TIME

1-2
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1.1 9000 SERIES SYSTEM ARCHITECTURE

The Ramtek 9000 Series Systems are microprocessor based systems which
combine an optimum and an efficient compromise between hardware and
software implementation of all graphic display system tasks. As a
result, there are three distinct levels of programming and, thus, three

levels of instruction sets:
1. User Language Graphic Display Software
2. 8080 Interpretive Software
3. Hardware Microprogram Firmware

The user graphic display language is described in the 9000 Programming
Manual. This instruction repertoire provides tﬁe user with a graphics
system language of user oriented instructions for drawing pictures on
the screen. This user language is based on 16 bit length words which
are common in the minicomputer systems used to drive the display
systems. Thus, the user language is 'data" to the minicomputer and
"graphic instructions'" to the display system.

The second level of programming is the 8080 interpretive software (not
firmware) which resides in the display system. It is written in 8080
assembly language and, thus, is based on 8 bit bytes. This interpreter
defines the action to be taken when each user language 16 bit word is
received by the display. Thus, it is possible to tailor the 9000 Series
Systems to any other user language by writing a new 8080 interpreter.
However, most users will wish to stay with the standard user language
since the process of generating a new interpreter requires an in-depth
understanding of the display logic which surrounds the 8080.

The third level of programming is not software, but firmware. Several

sections of the 9000 Series control logic are microprogrammed control
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sections which contain firmware to control such operations as I/0 hand-
shake, DMA, and memory control. Firmware is used rather than 8080
software to control functions which require speeds greater than achiev-
able by an 8080. The firmware is highly restricted to the available

hardware functions and as such would never be modified by user.

Figure 1-1 depicts a block diagram of a 9000 Series System. The 8080
microprocessor shown controls the internal processor (IP) bus and
monitors the interface parallel link for the purpose of receiving the

16 bit user graphic display instructions from the host CPU. The host
CPU communicates graphic display instructions through one of several
Ramtek standard interface boards to the Internal Data Exchange (IDE)
bus. These interface boards are identical in design as used for pre-
vious Ramtek products. When the 8080 microprocessor receives (16 bit)
instructions from the host CPU, it will execute 8080 software which
decodes the instructions and communicates the necessary data to the
display generator which in turn causes RAM refresh memory planes to be
loaded. Image data throughput is optimized by allowing direct transfer
of parallel 16 bit data between the interface parallel link and the
display generator. Up to 12 RAM refresh memory planes provide video
data to the video generator. The video generator boards provide a flex-
ible connection of the memory organization to many combinations of color
and/or black and white CRT monitors. The number of independent CRT
monitors is a function of the resolution and the color requirements of
the CRT's to be driven.

The 9000 Series RAM memory planes use Metal Oxide Semiconductor (MOS)
4096 bit RAM for refreshing the monitor. The display generator 1/0
processor is only capable of writing data into the RAM refresh memories
in image data mode. The 8080 microprocessor may receive data in many
modes and convert it to image data mode before writing into the display
generator. For instance, if the 8080 microprocessor receives alpha-
numeric data, it will consult its character generator PROM to equate
the ASCII character code to font information which is driven to the
display generator. Image data is communicated from the interface

parallel link to the display generator in a high speed block transfer
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fashion. The 12 least significant bits of each 16 bit image word are
driven to the refresh memory planes under control of a memory plane
select register contained in the display generator. Raster, cartesian
and graphic mode data is always received by the 8080 microprocessor and
converted to image mode data before being driven to the display generator.
By expanding the 8080 microprocessor's PROM from 2K bytes upwards to 16K
on the memory expansion board the 9000 Series Graphic Display System may
contain complex graphic functions such as vectors and conics. It may
also contain scaling software packages and arithmetic and logical capa-
bility. The 8080 microprocessor static RAM is utilized for the tempo-
rary storage of 8080 operands. The 8K byte dynamic RAM on the memory
expansion board is utilized for storage of user defined graphic in-
structions, user defined programmable alphanumeric font and additional
temporary storage for DMA transfers. The Memory Expansion board also
contains DMA address counter for use in doing software scroll and
scaling operations. It usually provides the address to the memory
expansion RAM during DMA transfersvbetween dynamic RAM and the display
generator. Certain models of floppy disc controllers can be interfaced
to the display system through the memory expansion board. Future expan-
sion of the IP bus can allow the interconnection of specialized high
speed graphic processors which optimize graphic instruction throughput.

A serial link board may also be connected to the IP bus in order to
allow the user to connect keyboards and joystick cursor control mechan-
isms to the 9000 Series System. Each serial link board contains four
Universal Asynchronous Receiver Transmitters (UART) which allow for
interconnection of four keyboards or two keyboards and two cursor
controllers. Two cursor generators drive cursor video to the video
generator boards. As shown in Figure 1-1, the cursor generators are
connected to the IP bus so that the 8080 can read or load cursor posi-

tion and control bits independently of the cursor controllers.
The Voltage Controlled Oscillator (VCO) option shown in Figure 1-1 is
available for certain of the interlaced variations of 9000 Series

models. ‘It allows the 9000 Series System to be synchronized or 'locked"

to another section of the user's system.
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1.2 FUNCTIONAL SPECIFICATIONS

The following data functionally specify the Models 9100, 9200 and 9300
Graphic Display Systems:

REFRESH TECHNIQUE

The refresh technique employed is that of a classical raster scan
display generator in that the generated image is stored in refresh

memory which is continuously scanned at the television raster rate.

REFRESH MEMORY

The refresh memory stores up to 12 bits per picture element (pixel).
Any combination of the 12 possible planes may be accessed and
written simultaneously. The individual planes may be partitioned

into independent display channels.

The refresh memory consists of 4K MOS dynamic RAMs. Each memory
board stores up fo six 9100 frames, three 9200 frames or three

9300 fields. Separate 9300 fields reside on separate memory boards.
Access to any 12 bit cell of refresh memory is in 1.5 us. Refresh
memory access is interleaved such that write cycles do not interfere
with refresh read cycles and thus screen refresh. Refresh memory

is not parity checked or error corrected and as such should not be

used for storing CPU software.
RESOLUTION AND LINE RATES

Six possible combinations of resolution are available. Table 1-1
lists the possible combinations and their associated television
line rates. Note that a repeat field scan pattern (50 or 60 Hz
refresh) is typically employed for the Models 9100 and 9200 Display
Systems. The Model 9300 requires a 25 or 30 Hz refresh frequency
and a 2:1 interlaced scan pattern.
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DISPLAY PROCESSOR

The basic display processor consists of an 8080A-1 microprocessor
with 2,048 bytes of program memory (PROM) and 512 bytes of scratch
pad memory (RAM). Clock cyclehtime is approximately 326 ns.

MEMORY EXPANSION

The 8080 microprocessor program memory may be expanded to 16,384
bytes and its scratch pad memory to 8,704 bytes via the addition of
a plug-in memory expansion board. This option also provides a

microprocessor memory DMA address counter.
IMAGING CAPABILITY

The basic system processes and stores up to 12 bits of three
dimensional, digitized image data. The image data is received in
an industry compatible word-per-pixel and bit-per-plane format, and
is normally written directly into the refresh memory at rates of up
to 653,400 pixels per second. During the time that image data is
being received into refresh memory, the microprocessor serves only
to perform the raster margining function (start a new line when the
previous line is completed). Bit plane selection and pixel-to-
pixel addressing is achieved in hardware. The image data is written
into a prescribed rectangular area (or page) of refresh memory.

Any of eight possible scan sequences may be selected, for example,
left-to-right/top-to-bottom. The scaling option provides for up/
down scaling of image data. When downward scaling is specified,
average pixel values are computed and stored versus storing each
nth pixel of each nth line, where n represents the scaling ratio.
When upward scaling is specified, each pixel is repeated n times

on n lines. The Logical and Arithmetic Functions option (RM-LAF)
provides a mechanism for correlating separate images. For example,
two images might be compared by subtracting one from the other.
This is achieved by merely specifying an appropriate logical/arith-
metic function when writing the second image to the display, and is
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implemented in 8080 software as a read-modify-write operation. As
an example, the issued pixel might be subtracted from the corres-
ponding stored pixel, and the difference would be stored versus
the issued pixel itself. The various video generators provide for
grey scale, color, pseudo color, automatic density slicing and
contrast enhancement, and gamma correction of image data.

ALPHANUMERIC CAPABILITY

The basic system includes a character generator which decodes 64
USASCII character codes and generates the appropriate dot matrix
symbols. The standard font size is five pixels by seven pixels
within a seven pixel by nine pixel matrix. Row and column spacing
is preset to seven pixels by nine pixels but is programmable.
Sequential characters may be written from left-to-right, right-to-
left, top-to-bottom or bottom;to—top, and may be rotated in 90
degree increments. Automatic margining is implemented such that a
new line (or page) is started whenever a designated window boundry
(margin) is crossed. A new line (or page) is also started when-
ever the USASCII carriage return symbol is decoded. A programmable
font option provides for user definition (in real time) of up to
128 characters. For these characters, the matrix size is program-
mable up to a maximum size of eight pixels by twelve pixels.

Characters may be up/down scaled by the scaling option.

GRAPHICS CAPABILITY

The optional graphics software draws end-point vectors, conics,
plots and bar charts, and writes bit-per-element raster data into

the refresh memory.

DYNAMIC CAPABILITY

Any rectangular area, even a single pixel, may be selectively
erased and/or updated without affecting any other information in

refresh memory. Graphic entities such as characters or vectors
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may be erased by inverting the background and writing mode control

bits and repeating the original command list.
READBACK CAPABILITY

The host computer may retrieve stored images from the refresh

memory. Except for the direction of the data being transferred,

the process duplicates that used for writing image data into the
memory, except that planes are not maskable. Image data is retrieved
from a specified rectangular area (or page) of refresh memory in a

word-per-pixel and bit-per-plane format.
SCROLL CAPABILITY

There are two forms of scroll available. The first is a standard
feature and allows the programmer to designate a coordinate value

as the logical origin of the television raster. The image thus
moves up or down and left or right simultaneously, within a 16.7 ms
field time. The scroll is nondestructive in that data moving from
the screen scrolls to the opposite edge of the screen. The second
form of scroll is implemented as an 8080 software option and pro-
vides both windowing and partitioning. That is, only data within a
prescribed rectangular area (or page) is scrolled, and only a pre-
scribed combination of refresh memory planes are affected. Thus,
multiple channels are supported because an associated set of
memories can be scrolled without affecting the memory planes asso-
ciated with other channels. This feature also provides for scroll-
ing of images such as trend data behind a fixed grid overlay. This
form of scroll is destructive in that data scrolling from the window
is lost while the deserted area of the window is filled with the
background color. Scroll is up, down, left or right and by a pre-
scribed number of pixels. Scroll speed varies depending upon window

size.
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INTERACTIVE CAPABILITY

Up to eight keyboards or four keyboards and four joysticks can be
interfaced to a 9000 Series System. Each serial link board can
accept up to four keyboards or two keyboards and two joysticks.

The baud rates for keyboards and joysticks are independently adjust-
able to any of the standard rates between 110 and 9600 baud.

RS-170 COMPATIBILITY

All video outputs conform to EIA Standard RS-170. All outputs are

composite video.
B/W CAPABILITY

Each display controller may generate up to 12 independent B/W

channels.
GREY SCALE CAPABILITY

Each display controller may generate up to 256 grey levels, or
multiple independent channels of a lesser number of grey levels
such as three independent channels producing 16 grey levels each.

COLOR CAPABILITY

Each display controller may generate up to 4,096 colors, or multiple
independent channels having seven colors each.

CURSOR CAPABILITY

Each display controller is capable of generating up to four non-
destructive, crosshair cursors which may be steered via a cursor
controller (joystick or trackball) without host processor inter-

vention. The cursor controller may interrupt the host processor

either each time the cursor moves (TRACK mode) or only upon operator
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request (ENTER function), and the host computer may read or write
cursor location and status. The cursor target element is blanked

in order to provide for accurate cursor positioning.
OVERLAY CAPABILITY

The Type 1 and Type II Video Generator boards provide for two
independent overlay channels. Overlay channels are independent
refresh memory plane outputs. These are mixed with data channel
outputs in order to form a composite image output to a single
television monitor. Thus, either may be modified without affecting
the other.

CURSOR AND OVERLAY MIXING

Cursor, overlay and data channel outputs are mixed via PROM. Thus,
individual cursor and overlay color or intensity can be specified
by the user. Because data channel outputs are also subjected to
the PROM, color priorities may be established. For example, red

might be given priority over green.
PSEUDO COLOR AND GREY SCALE TRANSLATION

Pseudo color and grey scale translation is performed using the look-
up table contained in the Type II Video Generator. The table is a
1,024 word x 12 bit RAM which is loaded via the host computer, and
indexed by up to 10 bits of refresh memory. As each pixel is
scanned from refresh memory, the corresponding word is retrieved
from the function table and passed to the cursor/overlay mixers and
digital-to-analog converters. For color translation, each 12 bit
word is divided into three 4 bit binary fractions which, from left
to right, describe the relative intensity of the primary colors
(red, green and blue). For grey scale translation, the least
significant 8 bits are treated as a single binary fraction which

describes the output grey level intensity.
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EXTERNAL SOURCE SYNCRHONIZER (VCO)

The crystal oscillator which is utilized to generate all of the
video sync and blanking signals for the 9000 Series Systems may be
replaced by a Phase Locked Loop (PLL) Voltage Controlled Oscillator
(VCO). The VCO receives RS-170 vertical drive and RS-170 horizontal
drive inputs from an external source provided by the user and
synchronizes the screen refresh for the 9000 Series System to the
user's system. The PLL/VCO has two modes of operation. In the
absence of an external vertical or horizontal drive input, the VCO
is connected automatically to a crystal which runs at the nominal
frequency required for the specified resolution of the system. If
both the vertical and horizontal drive inputs are connected, the
VCO is automatically switches to the external inputs and the 9000
Series System becomes phase locked to the external source. The VCO
requires approximately four frame times in order to achieve phase
lock to the external RS-170 signals.

INTERFACING

Table 1-2 1lists the computer interfaces which have been developed
by Ramtek. In addition, certain computer mainframe manufacturers
have developed Ramtek interfaces. Most are 16 bit parallel, bidi-
rectional interfaces which typically use or implement direct memory
access (DMA) in the host pfocessor.

1.3 PROGRAMMING SPECIFICATIONS

Table 1-3 lists the user instruction repertoire of the Models 9100, 9200
and 9300 Graphic Display Systems. There are two distinctive categories
of instructions and a variety of instruction formats. The machine in-
struction category provides for execution of machine-oriented functions
such as directly loading or reading specific machine registers. Their
use requires an intimate familiarity of the display generator, ite
architecture registers, their format, and thgifyeq?ficrhardware function

associated with each.
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TABLE 1-2

COMPUTER INTERFACES

MODEL NO. DESCRIPTION PREREQUISITE MAX CABLE LENGTH
RM9000-40 General purpose interface board RM-9000 SERIES SYSTEM CPU dependent
RM9000-51 DEC PDP-11 series bidirectional DEC PDP-11 DR-11C I/0 board. 10 ft.
interface to DRI11C.
RM9000-52 DEC PDP-11 series bidirectional DEC PDP-11 DR-11B 1/0 board 10 ft.
interface to DR-11B.
RM9000-56 Interdata 70/80 series bidirec- Interdata multiplexer bus 15 ft.
tional interface to programmed or SELH.
1/0 multiplexer bus or SELH.
RM9000-59 Univac AN/UYK-7 bidirectional Navy Type B NTDS FAST digital 150 ft.
interface to Navy Type B (NTDS data interface (I/0 controller).
FAST) digital data interface
(OV, -3 V logic levels). Usually
a DMA interface. See Mil-Std-1397
(ships). Note: actual cable not pro-
vided. Ramtek connectors provided.
RM9000-62 HP2000 series bidirectional inter- 2 each HP microcircuit 1/F kits 10 ft.
face to HP microcircuit boards. #125668B.
RM9000-63 Texas Instruments 980 series Ramtek logic is wired on a T1 15 ft.
bidirectional interface to logic board (P/N 8EX112) which
programmed 1/0 channel. is plugged into any standard
1/0 bus connector,
RM9000-64 Varian 620 and 73 series Varian (BIOC) buffered 1/0 15 ft.
bidirectional interface to controller board (P/N E2832)
buffered 1/0 contoller board. and priority interrupt module
(PIM) Model 620/i-16.
RM9000-65 Data General Nova and Eclipse 4192 internal cable in 35 ft.
bidirectional interface. customer's CPU. ‘
RM9000-12 Xerox Sigma series computer Xerox Model 7902 extended 10 ft.
Model 7902 extended device sub- device subchannel.
controller unidirectional inter-
face to video system only,
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TABLE 1-3 9100, 9200 and 9300 INSTRUCTION SUMMARY

Instruction Name Mnemonic Description
LOAD REGISTER LOAD Directly loads a display generator machine register.
READ REGISTER READ Directly reads a display generator machine register.
WRITE AUXILLIARY MEMORY WAM Writes data to an auxilliary memory device.
READ AUXILLIARY MEMORY RAM Reads data from an auxilliary memory device.
RESET RESET Initializes the programmable stack and font, clears all serial

ports and interrupts, and presets all complex format instruction
arguments to known values.

INITIALIZE INIT Presets all complex format instruction arguments to known values.

NO-OPERATION NOP Performs no operation whatsoever.

SET PARAMETER SET Sets one or more complex format instruction arguments.

ERASE ERS Erases a rectangular area (page) of refresh memory.

WRITE IMAGE WI Writes three dimensional image data into a rectangular area (page)
of the refresh memory.

READ IMAGE RI Retrieves three dimensional image data from a rectangular area
(page) of the refresh memory.

WRITE TEXT WT Translates USASCI1 character codes to font data which is written
into a rectangular area (page) of refresh memory.

WRITE RASTER WR Writes bit-per-element raster data into a rectangular area (page)
of the refresh memory.

WRITE VECTOR Wy Draws (or erases) a series of end-point vectors.

WRITE CONIC wC Draws (or erases) a prescribed ccnic.

WRITE PLOT WP Draws (or erases) a line plot, filled plot, or bar chart.

SCROLL X SCRX Performs a partitioned and windowed horizontel scroll.

SCROLL Y SCRY Performs a partitioned and windowed vertical scroll.

SAVE ENRIVONMENT PUSH Stores the current display system environment (including all 60
complex format instruction arguments) onto an internal processor
stack.

RESTORE ENVIRONMENT POP Retrieves the last stored display system environment from the in-
ternal processor stack.

WRITE PROGRAMMABLE FONT WPF Writes bit-per-element font data into the character generators font
buffer.

WRITE CURSOR STATE WCS Positions one of four cursors and establishes its state.

READ CURSOR STATUS RCS Retrieves the position and status of a particular cursor.

WRITE KEYBOARD WKB Writes a single character to a particular keyboard.

READ KEYBOARD RKB Reads the oldest buffered keystroke.

SENSE PERIPHERAL STATUS SPS Reads an internally maintained status word which indentifies the

locally interfaced peripheral devices which are contending for the
host processors attention.
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The user instruction category provides for execution of user-oriented
functions such as write image, text, vector and plot. It is anticipated
that most users will employ only this second, high level instruction set.
The design goals were simplicity, speed, power and flexibility. As a

result, only a cursory knowledge of the 9000 Series System is required.
INSTRUCTION FORMATS

Figure 1-2 illustrates the standard instruction formats. The SHORT
FORMAT instructions are a single 16 bit word in length and carry

8 bits of operand to the 9000 Series System. The IMMEDIATE FORMAT
instructions are two 16 bit words in length and carry 8 bits of
operand and 16 bits of data to the system. The COMPLEX FORMAT in-
structions are a variable number of 16 bit words in length and

may carry both arguments and data to the system.

ARGUMENTS

Table 1-4 lists the 16 possible arguments to the COMPLEX FORMAT in-
structions. Except for NOP, any of these instructions may set any
combination of the possible arguments. The arguments are issued in
ascending sequence. The OPERAND FLAG WORD specifies the presence
of each argument. Interpretation is from right to left, that is,
bit 2° flags argument 01 (SUBCHANNELS), bit 2! flags argument 02
(FOREGROUND), ..., and bit 2'5 flags argument 16 (START-POINT).
Each argument is one or more 16 bit words in length and describes a
parameter which typically affects the operation of the instruction

being decoded.

DATA

Certain of the COMPLEX FORMAT instructions may carry data to the
system, or retrieve data from the system. In either case, the DATA
LENGTH WORD specifies the number of bytes to be transferred. Data
format and interpretation varies from instruction to instruction.

For image data, each 16 bit word (2 bytes) is interpreted as a
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SHORT FORMAT

PP CODE @PERAND "
IMMEDIATE FORMAT
@P CODE PPERAND
DATA
COMPLEX FORMAT
PP CPDE IX AD BK RP PF DF
PPERAND FLAG WQ@RD
ARGUMENTS
DATA LENGTH W@RD
DATA
15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
IX = Index (0 = absolute, 1 = index 1, 2 = index-2, 3 = relative)
AD = Additive Write (0 = replacement, 1 = additive)
BK = Reverse Background (0 = normal background, 1 = reversed background)
RP = Reverse Packing (0 = left byte first, 1 = right byte first)
@F = Operand Flag (0 = no arguments exist, 1 = flagged arguments exist)
DF = Data Flag (0 = no data exists, 1 = n data bytes exist)

FIGURE 1-2 9100, 9200 AND 9300 INSTRUCTION FORMATS
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TABLE 1-4

COMPLEX FORMAT INSTRUCTION ARGUMENTS

WORD

NO. NAME LENGTH DESCRIPTION

01 SUBCHANNELS 0l SELECTS REFRESH MEMORY BIT PLANES TO BE AFFECTED

02 FOREGROUND 01 DEFINES COLOR OR INTENSITY FOR "ONE" STATE TWO
DIMENSIONAL DATA

03 BACKGROUND 01 DEFINES COLOR OR INTENSITY FOR "ZERO" STATE TWO
DIMENSIONAL DATA

04 INDEX-1 02 DEFINES LOCAL REFRESH MEMORY ADDRESSING ORIGIN

05 INDEX-2 02 DEFINES LOCAL REFRESH MEMORY ADDRESSING ORIGIN

06 ORIGIN 02 IMPLEMENTS HARDWARE SCROLL BY ASSIGNING A
PARTICULAR REFRESH MEMORY ADDRESS AS THE ORIGIN
OF THE TV RASTER

07 WINDOW 04 DEFINES A RECTANGULAR AREA (OR LOGICAL PAGE) OF
REFRESH MEMORY

08 SCAN 01 SELECTS ONE OF EIGHT REFRESH MEMORY SCAN
SEQUENCES. ALSO SELECTS CHARACTER ORIENTATION
AND PLOT DIRECTION

09 DIMENSION 02 SELECTS CHARACTER MATRIX SIZE AND PLOT/BAR
SEGMENT WIDTH

10 SPACING 02 SELECTS CHARACTER AND PLOT/BAR SEGMENT SPACING

11 SCALE 01 DEFINES UP/DOWN SCALING RATIO OF UP TO 4:1 or 1:4

12 FUNCTION 0l SELECTS ONE OF EIGHT LOGICAL OR ARITHMETIC
IMAGING FUNCTIONS (OR, XOR, AND, SUM, DIFFERENCE,
GREATEST VALUE, LEAST VALUE, OR AVERAGE VALUE)

13 CONIC-EQUATION 12 DEFINES CONICAL FORM FOR CONICS GENERATOR IN
TERMS OF THE EQUATION: Ax’+By’+Cxy+Dx+Ey+F=0

14 BASE-LINE 01 SELECTS BETWEEN LINE AND FILLED PLOTS. ALSO
DEFINES FIXED POINT BASE LINE FOR FILLED PLOTS
AND BAR CHARTS

15 SCROLL-COUNT 01 DEFINES SCROLL COUNT (LINES/ELEMENTS) AND
DIRECTIONS

16 START~POINT 02 DEFINES VECTOR, CONIC, PLOT, BAR CHART, OR
IRREGULAR IMAGE, TEXT OR RASTER DATA STARTING
ADDRESS
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single pixel description. For raster data, each 8 bit byte is inter-
preted as a single-bit-per-element description of eight consecutive
pixels. For text data, each byte is interpreted as a USACII char-
acter code. For plot data, each 16 bit word (2 bytes) is interpreted
as a plot point. Finally, for other graphics data, and each 16 bit

word pair (4 bytes) is interpreted as an X, Y end-point coordinate.
1.4 PHYSICAL SPECIFICATIONS

The following data specify the physical characteristics of the Models
9100, 9200 and 9300 Graphic Display Systems:

DIMENSIONS

All systems are mountable in an EIA standard 19 inch wide rack.
Adequate support with either rails or slides must be provided.
The Models 9100 and 9200 require 8 3/4 inches of rack height and
26 1/4 inches of rack depth. The Model 9300 requires 17 1/4
inches of rack height and 28 inches of rack depth. See drawings
which follow, 502853 and 502794, for the chassis outline dimen-
sions.

CHASSIS LAYOUT

Figures 1-3 and 1-4 illustrate the chassis layout for the Models
9100, 9200 and 9300 Graphic Display Systems, Each chassis provides
receptacles for a computer interface board, controller board, memory
expansion board, two serial link/cursor board, a minimum of two
video boards and two to eight memory boards (12 refresh planes).

The Model 9300 chassis functionally differs from the Models 9100

and 9200 chassis in that up to four video boards can be accommodated.

1.5 ENVIRONMENTAL SPECIFICATIONS

The following data specify the environmental characteristics of the
Models 9100, 9200 and 9300 Graphic Display Systems:
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INTERFACE BOARD

(may be wirewrapped)

wWinN

CONTROL BOARD

MEMORY EXPANSION BOARD

SERIAL LINK BOARD #1

INTERNAL

SERIAL LINK BOARD #2

PROCESSOR BUS
R Y = S 7 B - N

VIDEO BOARD #1

VIDEO BOARD #2
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MEMORY
BOARD MP 1,2,3,4,5,6 MP 1,2,3
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FIGURE 1-3 9100, 9200 CHASSIS BOARD
ASSIGNMENTS
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1 INTERFACE BOARD
2 [ (may be wirewrapped)
3
al CONTROL BOARD
5 MEMORY EXPANSION BOARD
2 s SERIAL LINK BOARD f1
g 7 SERIAL LINK BOARD #2
% s WIREWRAP OPTION |
g 9
S 10 FUTURE PC OPTION
z 1 FUTURE PC OPTION
E 12 FUTURE PC OPTION
T 13 VIDEO BOARD #1
14 VIDEO BOARD #1A
15 VIDEO BOARD #2
16 VIDEO BOARD #2A
MU METAL SHIELD
17 MEMORY - MP 1,2,3 FIELD A
18 MEMORY - MP 1,2,3 FIELD B
19 MEMORY - MP 4,5,6 FIELD A
20 MEMORY - MP 4,5,6 FIELD B
21 MEMORY - MP 7,8,9 FIELD A
22 MEMORY - MP 7,8,9 FIELD B
23 MEMORY - MP 10,1),12 FIELD A
24 MEMORY - MP 10,11,12 FIELD B
Notes: Slots 2 and 3 avrce also connccted to the

internal processor bus.
Ficld Clock = 0 for Field A.
Field Clock = 1 for Field B.

FIGURE 1-4 9300 CHASSIS BOARD ASSIGNMENTS
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TEMPERATURE

Operating temperature range is 0-50° C.

HUMIDITY

Relative humidity range is 0-95 percent, noncondensing.
1.6 POWER REQUIREMENTS
The power requirements are as follows:

LINE VOLTAGE

117 or 230 volts AC *10%

LINE FREQUENCY

50/60 Hz. %5%

VOLT-AMPERES (FULL CHASSIS)

Model 9100 - 400 V-A

Model 9200 - 500 V-A
Model 9300 - 1000 V-A

1-22

PIV-000041



2.0 INSTALLATION, MAINTENANCE AND OPERATION
2.1 INITIAL INSPECTION

Each 9000 Series Graphic Display System is carefully inspected both mech-
anically and electrically before shipment. It should be physically free
of mars or scratches and in perfect operating order upon receipt. To
confirm this, the system should be inspected for physical damage in
transit. Check major component assemblies to determine if any assemblies
or screws have been loosened by vibration. In particular, verify that

all boards are seated deeply into their connectors and that they have not
been '"jarred" out of their guides. Tighten any loose screws or mounting
hardware as required. Inspect input receptacles for foreign material
which may impair electrical contact when cable connections are made. Also
check for supplied accessories, If there is damage or deficiency, see the

warranty contained in this manual.
2.2 RACK MOUNTING/BOARD ASSIGNMENTS

The controller chassis and other chassis supplied as a part of a particular
system configuration should be mounted in a standard EIA 19 inch wide rack
cabinet, such as the Ramtek GR-101 or GR-102, and located on a firm surface.
Drawing 502819 for the models 9100, 9200 and Drawing 502821 for the model
9300 show the dimensional and installation information necessary to accom-
plish the physical installation. Never mount a 9000 Series Display System
in a rack without using rails or slides to support the chassis weight.

The display monitors and other associated equipment can be rack mounted or
used as desk top units. Figure 2-1 shows the rear view of the 9100/9200
and Figure 2-2 shows a rear view of the 9300. These drawings show the
positions of all rear panel connectors as well as the switching power

supplies.

Figure 2-3 and 2-4 show the board slot assignments for standard 9000
boards. Note that special video boards usually reside in Slot 7 for the
9100/9200 and Slot 13 for the 9300. Consult the "Configuration Sheet

packed with the equipment for specific system configurations.
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1 INTERFACE BOARD 1 INTERFACE BOARD
2 (may be wirewrapped) 2 (may be wirewrapped)
w‘ 3 CONTROL BOARD 3
. 2 4 MEMORY EXPANSION BOARD 4 CONTROL BOARD
gé 5 SERIAL LINK BOARD #1 5 MEMORY EXPANSION BOARD
£ o SERTAL LINK BOARD #2 2 6 SERIAL LINK BOARD #1
- g 7 VIDEO BOARD #1 3 7 SERIAL LINK BOARD #2
N (7]
| 8 ‘ VIDEO BOARD #2 @ 8 WIREWRAP OPTION
9 g&&g MP 1,2,3,4,5,6 MP 1,2,3 2 9
a 10 FUTURE PC OPTION
MEMORY <
10| pign  MP 7,8,9,10,11,12  MP 4,5,6 z 1 FUTURE PC OPTION
- )
" MEMORY w7 8.9 E 12 FUTURE PC OPTION
BOARD *T 13 VIDEO BOARD #1
12 hggﬁﬁg’ MP 10,11,12 14 VIDEO BOARD #1A
15 VIDEO BOARD #2
9100 9200 16 VIDEO BOARD #2A
MU METAL SHIELD
17 MEMORY - MP 1,2,3 FIELD A
FIGURE 2-3 9100, 9200 CHASSIS BOARD 18 MEMORY - MP 1,2,3 FIELD B
ASSIGNMENTS _ 19 MEMORY - MP 4,5,0 FIELD A
20 MEMORY - MP 4,5,6 FIELD B
21 MEMORY - MP 7,8,9 FIELD A
22 MEMORY - MP 7,8,9 FIELD B
23 MEMORY - MP 10,11,12 FIELD A
24 MEMORY - MP 10,11,12 FIELD B
Notes: Slots 2 and 3 are also connected to the
internal processor bus.
Ficld Clock = 0 for Fiecld A.
Ficld Clock = 1 for Ficld B.

FIGURE 2-4 9300 CHASSIS BOARD ASSIGNMENTS
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2.3 CABLING

To protect operating personnel, the National Electrical Manufacturers'
Association (NEMA) recommends that the equipment panel and cabinet be
grounded. The 9000 Series Systems are equipped with a three-conductor
power cable, which, when plugged into an appropriate receptacle, grounds
the equipment cabinet. The offset pin on the power cable three-prong
connector is the ground wire. Note that signal ground is isolated from

earth ground.

To preserve the protection feature when operating the 9000 Series Systems
from a two-contact outlet, use a three—prong to two-prong adapter and

connect the green pigtail on the adapter to ground.

The basic cabling configuration for a system usually includes those
specific cables ordered with a particular system, which typically includes

the following:

Computer I/0 cable.
Distribution panel (video and serial link).

Video-Serial link octopus.

a o0 o oo

Video coax cables.

The 9000 Series Systems have two 104 pin connectors used as follows:

J1 - Computer I1/0
J2 - Video outputs and serial link I/O

All three models use identical wiring.
2.4 CONNECTOR REFERENCE INFORMATION

The two connectors (J1, J2) previously mentioned are guide pin coded to
prevent incorrect connection. Figure 2-5 shows the detailed pin layout

of the 104 pin connectors. Note that power and ground functions are

2-7
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usually assigned to lettered pins.

(first digit) and number of pins down (second and third digit).

Three digit pin numbers denote column

connector parts are listed in Table 2-1.

GUIDE KEY ?£§§/:3\—
ccér- &l/;T/EB‘// OR* 5 vix
B w1 - 5 VDC
+ 12 VDC 4—e=0 Ocm—4—— - 12 VDC
[o) o] o] o
o 201l o 401 o 601 o 801
101 o 301 o 501 o 701 o
o o [ o)
102 o [¢) [¢] o
<] o o] [}
103 o [¢] [o] [¢]
[¢) [¢) <] [
104 o [ [¢] [o]
o [ [ o
105 o o o}
[¢) o)
106 o© o]
o] [¢)
107 o D ©
o) [}
108 © o
o o o
109 © [o] [ [¢)
o [ o [
110 © o) [ [¢]
o o [ o)
111 © [ [ [
o o] o) [o)
112 © [¢] o o
o <) o [
113 0 310 © 509 o 713 o
214 410 611 814
] Logic Returns
F J > ——— Shield Grounds
ie
pO « B =108

FIGURE 2-5

104 PIN CONNECTOR

The

The pin numbers in Figure 2-5 are as viewed looking at the connector

socket on the rear of the 9000 Series Systems.
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TABLE 2-1

PARTS LIST, 104 PIN CONNECTOR

DESCRIPTION BURNDY AMP
201692-3
Plug MSD104PM-410 201692-4
201532-2
Receptacle MSD104RM-402 201532-4
Hood, Cable Clamp MSH104M-1 201110-1
Jackscrew
SM24M-1027 66306-4
Pins, 24-26 AWG SM24M-1 66306-3
SM24N-TK6 66306-1
SC24M-1027 66308-4
Sockets, 24-26 AWG SC24M-1 66308-3
SC24M-1TK6 66308-1
Pins, Coax RG174/U RMDX60-4D29 51562-1
Socket, Coax RG174/U RCDX60-4D29 51564-1
. . 201047-4
Guide Pins, Female MS104PM424P5S 201047-2
. . 201046-4
Guide Pins, Male MS104PM424P6 201046-2
Hand Crimp Tool M8ND
Crimp Die N24RT-11
Removal Tool RX20-25V2
Note: Burndy pins will not work with AMP blocks and visa versa.
Completed non-coax assemblies will plug into each other.
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2.5 COMPUTER I/0 CABLE

Table 2-2 lists all of the pin connections between the 104 pin computer
I1/0 connector, J1 on the display system back panel and the '"B'" connector
(BCC, BCW) on the computer interface board (Slot #1). This internal
cable is constructed from flat ribbon conductor and thus consecutive pin
numbers are physically next to each other in the cable. Table 2-2 may
be used by the interface designer to assign signal-ground pairs. Note
that the signal assignments are different for each interface. The user

can consult the interface logic schematics for specific pin assignments.

The 9000 Series System may be remotely controlled thru the CPU cable.
Pins 306 and 606 in the CPU connector J1 may be remotely connected to a
contact closure or open collector transistor. Pins 606 and 306 should

be cabled with a twisted pair with 606 used as return. The remote power
control feature is operated in parallel with the front panel switch. If
the front panel switch is turned on the system will be powered up regard-
less of the remote control. If the front panel switch is turned OFF, the

system may be powered ON by the remote control.

Before turning on equipment power, check the fuse on the power supply on
the rear panel of each chassis; it should be a 10 ampere slow-blow type.

Check that all circuit board assemblies are properly installed.
NOTE
Do not attempt to verify D.C. voltages with circuit
board assemblies removed, switching power supplies
require a load to establish proper power on sequencing.

Refer to paragraph 2.8 for power supply check out pro-

cedures.

2-10
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Table 2-2 Interface to CPU Connector, Jl

J1 | INTERFACE
PIN |CONNECTION| TERM NAME FUNCTION
101 | BCC 101
102 | BCC 103
103 | BcCc 105
104 BCC 107
105 BCC 109
106 BCC 111
107 | BCC 113
108 | BCC 115
109 BCC 117
110 | BCC 119
111 BCC 121
112 | BCC 123
113 | BCcC 125
201 BCC 102
202 BCC 104
203 BCC 106
204 | BCC 108
205 | BCC 110
206 BCC 112
207 BCC 114
208 | BCC 116
209 | BCC 118
210 | BCC 120
211 BCC 122
212 BCC 124
213 | BCcC 126
214 | BCW 105
301 BCC 127
302 BCC 129
303 BCC 131
304 | BCC 133
305 BCC 135
306 - ZREMOTE |Remote Power Control
307 BCC 137
2-11
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Table 2-2 Interface to CPU Connector, J1 (cont'd)

Jl INTERFACE
PIN (CONNECTION | TERM NAME FUNCTION
308 ([ BCC 139
309 BCW 101
310 BCW 103
401 BCC 128
402 BCC 130
403 BCC 132
404 BCC 134
405 BCC 136
406 BCC 138
407 BCC 140
408 BCW 102
409 BCW 104
410 BCW 106
501 BCW 107
502 | BCW 109
503 BCW 111
504 BCW 113
505 BCW 115
506 BCW 117
507 BCW 119
508 BCW 121
509 BCW 123
601 BCW 108
602 BCW 110
603 BCW 112
604 BCW 114
605 BCW 116
sos | — | mmore | IS e Retum
607 | BCW 118
608 BCW 120
609 BCW 122
610 BCW 124
611 TCL 233
701 BCW 125
2-12
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Table 2-2 Interface to CPU Connector, J1 (Cont'Qqd)

Jl INTERFACE
PIN | CONNECTION | TERM NAME FUNCTION
702 | BCw 127
703 BCW 129
704 BCW 131
705 BCW 133
706 BCW 135
707 BCW 137
708 BCW 139
709 TCL 228
710 TCL 229
711 TCL 230
712 TCL 231
713 TCL 232
801 BCW 126
802 BCW 128
803 BCW 130
804 BCW 132
805 BCW 134
806 BCW 136
807 BCW 138
808 BCW 140
809 TCU 328
810 TCU 329
811 TCU 330
812 TCU 331
813 TCU 332
814 TCU 333
A zvcee +5VDC
B ZP12 +12VDC
(o] ZN5 -5VDC
D ZVCC +5VDC
E ZN12 -12vDC
F ZGND Logic Return
G ZSHLD Shield Ground
H ZGND Logic Return
J ZGND Logic Return
K ZSHLD Shield Ground
2-13
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2.6 VIDEO AND SERIAL LINK CABLE

The video and serial link cable serves a dual purpose as follows:

a. Interconnection of video monitors to the display system,
b. Interconnection of keyboards, joysticks and trackballs to serial

link boards.

The video signals are interconnected via miniature RG-174 coaxial cable
and the serial link signals utilize flat ribbon cable. Several versions
of internal wiring are supplied depending on the number of serial link
boards and the number or type of video boards supplied with a particular
system. Table 2-3 shows the internal wiring and various configurations.
Table 2-4 summarizes the requirements for the various configurations.

Table 2-5 shows the connector pin assignments for the GK-106 Joystick
Cursor Controller and the GK-120 Keyboard. These connectors are on the

rear of the units. They are 24 pin Burndy connectors as follows:

Keyboard/Joystick Connector

Burndy Female Connector P/N

SMS 24R-1
Cable Mating Connector - Burndy Male Connector P/N SMS 24P-1
Cable Hood - P/N SMS 24H-1

Connector Pins for cable

P/N SM 201 D27

#24 wire

All interfacing between the 9000 Series and the video display monitors

is accomplished through connector J2. Interconnecting cable(s) are
usually ordered with the system. Each individual monitor connected to a
unique output line must always be terminated with 75 ohms to ground.

Note that if more than one monitor is to be connected in series to the
same output line, the last monitor in the chain must always be terminated
with 75 ohms to ground. All other monitors in the chain should have high

input impedance.
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TABLE 2-3 SERIAL LINK & VIDEO CABLE

VIDEO CONNECTION J2 PIN TERM NAME FUNCTION
1 BCw-129 J2-802 VIDE@BW1 GREY SCALE SLOT 1
BCW-130 J2-802 ZGNDBW1
% BCW-127 J2-702 VIDE@ZB1l BLUE SLOT 1
BCW~-128 J2-702 ZGNDB1
BCW-125 J2-602 VIDE@G1 GREEN SLOT 1
BCW-126 J2-602 ZGNDG1
BCW-123 J2-502 VIDE@R1 RED SLOT 1
BCW-124 J2-502 ZGNDR1
BCW-121 J2-402 VIDE@1ll SUB CHAN 11
BCW-122 J2-402 ZGND11
BCW-119 J2-302 VIDE@10 SUB CHAN 10
BCW-120 J2-302 ZGND10
BCW~-117 J2-202 VIDE@09 SUB CHAN 9
BCwW-118 J2-202 ZGNDO9
BCW-115 J2-10 VIDE@8 SUB CHAN 8
BCW-116 J2-102 ZGND@8
BCC-129 J2-801 VIDE@07 SUB CHAN 7
BCC-130 J2-801 ZGNDO7
BCC-127 J2-701 VIDE@06 SUB CHAN 6
BCC-128 J2-701 ZGNDO6
BCC-125 J2-601 VIDE@05 SUB CHAN 5
BCC-126 J2-601 ZGNDO5
BCC-123 J2-501 VIDE@04 SUB CHAN 4
BCC-124 J2-501 ZGNDO04
BCC-121 J2-401 VIDE@O03 SUB CHAN 3
BCC-122 J2-401 ZGNDO3
BCC-119 J2-301 VIDE@02 SUB CHAN 2
BCC-120 J2-301 ZGNDO2
BCC-117 J2-201 VIDE@01 SUB CHAN 1
BCC-118 J2-201 ZGNDO1
BCC-115 J2-101 VIDE@O00 SUB CHAN 0
BCC~116 J2-101 ZGNDOO
BCW-111 J2-E 9VCMSYE COMPOSITE SYNC
BCW-112 J2-E #VCMSYE
BCW-113 J2-D 9VVERTE VERTICAL DRIVE
BCW-114 J2-D #VVERTE
BCC-111 J2-B 9VCMPBLE COMPOSITE BLANKING
v BCC-112 J2-B #VCMPBLE
BCC-113 J2-A OVHORZE HORIZONTAL DRIVE
1 BCC-114 J2-A #VHORZE
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TABLE 2-3 SERIAL LINK & VIDEO CABLE (cont'd)

Si?ﬁﬁL CONNECTION J2 PIN TERM NAME FUNCTION
1 BCC-131 J2-808 #LLDR45 SERIAL IN CHAN 4 RETURN
BCC-130 J2-707 9LLDR45 SERIAL IN CHAN 4
ﬁ BCC-129 J2-807 #LLDR35 SERIAL IN CHAN 3 RETURN
BCC-128 J2-706 9LLDR35 SERTAL IN CHAN 3
BCC-127 J2-806 #LLDR25 SERIAL IN CHAN 2 RETURN
BCC-126 J2-805 9LLDR25 SERIAL IN CHAN 2
BCC-121 J2-305 #LLDR15 SERTAL IN CHAN 1 RETURN
BCC-120 J2-205 9LLDR15 SERTAL IN CHAN 1
BCW-131 J2-208 $LLDT45 SERIAL OUT CHAN 4 RETURN
BCW-130 J2-107 9LLDT45 SERTAL OUT CHAN 4
BCW-129 J2-809 #LLDT35 SERTAL OUT CHAN 3 RETURN
BCW~128 J2-708 9LLDT35 SERIAL OUT CHAN 3
BCW-127 J2-209 $LLDT25 SERIAL OUT CHAN 2 RETURN
Y BCW-126 J2-108 9LLDT25 SERIAL OUT CHAN 2
BCW-121 J2-406 #LLDT15 SERIAL OUT CHAN 1 RETURN
1 BCW-120 J2-306 9LLDT15 SERTAL OUT CHAN 1
2 BCC-131 J2-705 #LLDR46 SERIAL IN CHAN 4 RETURN
A BCC-130 J2-605 9LLDR46 SERIAL IN CHAN 4
BCC-129 J2-606 $LLDR36 SERIAL IN CHAN 3 RETURN
BCC-128 J2-505 9LLDR36 SERTAL IN CHAN 3
BCC-127 J2-810 $LLDR26 SERIAL IN CHAN 2 RETURN
BCC-126 J2-709 9LLDR26 SERIAL IN CHAN 2
BCC-121 J2-710 #LLDR16 SERIAL IN CHAN 1 RETURN
BCC-120 J2-607 9LLDR16 SERIAL IN CHAN 1
BCW-131 J2-608 $LLDT46 SERIAL OUT CHAN 4 RETURN
BCW-130 J2-506 9LLDT46 SERIAL OUT CHAN 4
BCW-129 J2-210 #LLDT36 SERIAL OUT CHAN 3 RETURN
BCW-128 J2-109 9LLDT36 SERTAL OUT CHAN 3
BCW-127 J2~-207 #LILDT26 SERIAI OUT CHAN 2 RETURN
v BCW-126 J2-106 9LLDT26 SERIAL OUT CHAN 2
BCW-121 J2-206 #LLDTl6 SERIAL OUT CHAN 1 RETURN
2 BCW-120 J2-105 9LLDT16 SERTAL OUT CHAN 1
BCW-122 J2-611 SL2+12
BCW-122 J2-405 SL1+12
CHASSIS J2-G SHLD GND
CHASSIS J2-K SHLD GND
2-16
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TABLE 2-3

SERIAL LINK & VIDEO CABLE (cont'd)

VIDEO CONNECTION J2 PIN TERM NAME FUNCTION

BCW~-129 J2-804 VIDE@BW2 GREY SCALE SLOT 2
BCW-130 J2-804 ZGNDBW2
BCW-127 J2-704 VIDE@B2 BLUE SLOT 2
BCW-128 J2-704 ZGNDB2
BCW-125 J2-604 VIDE@G2 GREEN SLOT 2
BCW-126 J2-604 ZGNDG2
BCW-123 J2-504 VIDE@R2 RED SLOT 2

2 BCW-124 J2-504 ZGNDR2

3 BCW-129 J2-407 VIDE@BW3 GREY SCALE SLOT 3
BCW-130 J2-407 ZGNDBW3
BCW-127 J2-307 VIDE@B3 BLUE SLOT 3
BCW-128 J2-307 ZGNDB3
BCW-125 J2-211 VIDE@G3 GREEN SLOT 3
BCW-126 J2-211 ZGNDG3
BCW-123 J2-110 VIDE@R3 RED SLOT 3

3 BCW-124 J2-110 ZGNDR3

(9300 ONLY)

4 BCW-129 J2-811 VIDE@BW4 GREY SCALE SLOT 4
BCW-130 J2-811 ZGNDBW4
BCW-127 J2-711 VIDE@B4 BLUE SLOT 4
BCW-128 J2-711 ZGNDB4
BCW-125 J2-609 VIDE@04 GREEN SLOT 4
BCW-126 J2-609 ZGNDG4
BCW-123 J2-507 VIDE@R4 RED SLOT 4

4 BCW-124 J2-507 ZGNDR4
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TABLE 2-4 VIDEO/SERIAL LINK CONFIGURATIONS

CABLE

ASSEMBLY NO. APPLICABILITY

502337-01 9100 or 9200 basic configuration ~ One
Type 2 Video or equivalent and one serial
link.

502337-02 9100 or 9200 expanded configurations -
One Type 1 Video and one Type 2 Video or
equivalents, or two Type 2 Videos, and
two serial link.

\

502789-01 9300 basic configuration - One Type 2
Video or equivalent and one serial link.

502789-02 9300 expanded configurations - One Type 1
Video and three Type 2 Videos or equiva-
lents, or up to four video cards, and two
serial links.
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TABLE 2-5 CURSOR CONTROLLER/KEYBOARD PIN ASSIGNMENTS

CURSOR CONTROLLER

PIN # FUNCTION KEYBOARD FUNCTION
1 Channel zero (0) driver Long~-line differential driver
non-inverting output-Y non-inverting output-Y
2 Channel zero (0) driver Long-line differential driver
inverting output-2 inverting output-2
3 Channel zero and one shield Long-line differential driver
logic ground shield - logic ground
4 Unused 'On Line' switch contact - NC
contact closure when switch
is off
5 Channel one (1) driver Long-line differential receiver
non-inverting output-Y non-inverting input-Y
6 Channel one (1) driver Long-line differential receiver
inverting output-2 inverting input-2
7 Unused Long-line differential receiver
shield - logic ground
8 Unused 'On Line' switch contact -~ no
contact closure when switch
is 'ON'
9 Channel two (2) driver Current loop driver current
non-inverting output-Y current output
10 Channel two (2) driver Current loop driver
inverting output-2 Current return
11 Channel two and three Current loop driver
shield - logic ground shield - logic ground
12 Unused 'On Line' switch contact - common
13 Channel three (3) driver Current loop receiver
non-inverting output-Y current input
14 Channel three (3) driver Current loop receiver
inverting output-2 current return
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TABLE 2-5

CURSOR CONTROLLER/KEYBOARD PIN ASSIGNMENTS (cont'd)

CURSOR CONTROLLER

PIN # FUNCTION KEYBOARD FUNCTION

15 Unused Current Loop receiver
shield - logic ground

le6 Unused +5V DC Power

17 Unused RS-232C compatible driver
inverting output

18 Unused RS-232C compatible driver
return - logic ground

19 Logic Ground RS-232C compatible driver
shield - logic ground

20 Unused Logic Ground

21 +5V DC power RS-232C compatible receiver
inverting input

22 +5V DC power RS~-232C compatible receiver
return - logic ground

23 Logic Ground RS-232C compatible receiver
shield - logic ground

24 Chassis ground Chassis ground

Chassis ground is isolated ;
from logic ground within
the cursor controller

Chassis ground is isolated
from logic ground within
the keyboard
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Video channels are capable of driving up to 1000 feet of RG-59/U coaxial
cable. The amplitude of a video channel will be 1.4 volts peak-to-peak
when properly terminated with 75 ohms #5%. The amplitude will be approx-
imately double when not terminated. Note that some monitors are not
supplied with termination connectors and some have built in terminations.
This information should be considered when ordering equipment. All mon-

itors supplied by Ramtek have 75 ohm terminations.

The four synchronization signals provided in J2 are horizontal drive,
vertical drive, composite blanking and composite sync. The amplitude of
these synchronization signals will be 4 volts peak-to-peak when properly
terminated with 75 ohms *5%. These signals are logically low ("1'" = true
= -4 VDC, "0" = false = 0 VDC). The synchronization outputs are useful
for synchronizing other video equipment such as cameras, recorders and

printers to the 9000 Series System.

Connector J2 also provides for two synchronization inputs. These are
connected internally when the VCO option is added to the system. The
input signals should be RS-170 compatible and are used by the optional
VCO circuit which would be substituted for the crystal oscillator on the
sync-timing assembly. These signals in conjunction with the VCO option

allow the 9000 Series System to be synchronized to other video equipment.

2.7 DISTRIBUTION PANELS

Two types of distribution panels are supplied as optional equipment for
allowing the user to quickly connect or disconnect individual monitors
and/or serial I/0 equipment to the 9000 Series System. Figures 2-6 and
2-7 show the two types of optional panels. Type I, the basic version

may be used for imaging systems with one serial link and no VCO. Type II
fills the need for a Type I Video Board or a VCO or two serial link boards.

Tables 2-6 and 2-7 give the wiring for the two distribution panels.
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TABLE 2-6

SMALL DISTRIBUTION PANEL WIRING

P2 PANEL
PIN CONNECTOR TERM NAME DESCRIPTION
502 Jl VIDE®Z R RED VIDEO OUTPUT
502 J1 ZGNDR
602 J2 VIDE® G GREEN VIDEO OUTPUT
602 J2 ZGND G
702 J3 VIDEg B BLUE VIDEO OUTPUT
702 J3 ZGND B
802 J4 VIDE@Z BW GREY SCALE VIDEO OUTPUT
802 J4 ZGND BW
C J5 VIDE® DIAGNOSTIC VIDEO OUTPUT
C J5 ZGND
A HORZ DRIVE 9VHORZE HORIZONTAL DRIVE OUTPUT
A HORZ DRIVE #VHORZE .
B COMP BLANK 9VCMPBLE COMPOSITE BLANKING OUTPUT
B COMP BLANK #VCMPBLE
D VERT DRIVE 9VVERTE VERTICAL DRIVE OUTPUT
D VERT DRIVE #VVERTE
E COMP SYNC 9VCHMSYE COMPOSIT SYNC OuUTPUT
E COMP SYNC #VCMSYE
306 T1-5 9LLDT15 SERIAL OUT CHANNEL 1
406 T1-4 #LLDTL15 SERIAL OUT CHANNEL 1 RETURN
205 T1-2 9LLDR15 SERIAL IN CHANNEL 1
305 T1-1 #LLDR15 SERIAL IN CHANNEL 1 RETURN
108 T2-5 9LLDT25 SERIAL OUT CHANNEL 2
209 T2-4 #LLDT25 SERIAL OUT CHANNEL 2 RETURN
805 T2-2 9LLDR25 SERIAL IN CHANNEL 2
806 T2-1 #LLDR25 SERIAL IN CHANNEL 2 RETURN
708 T3-5 9LLDT35 SERIAL OUT CHANNEL 3
809 T3-4 #LLDT35 SERIAL OUT CHANNEL 3 RETURN
706 T3-2 9LLDR35 SERIAL CHANNEL 3

T3-8

T4-8
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TABLE 2-6 SMALL DISTRIBUTION PANEL WIRING (cont'd)

P2
PIN

PANEL
CONNECTOR

TERM NAME

DESCRIPTION

807

107
208
707

808

405

T3-1
T3-7
T4-7
T4-5
T4-4
T4-2
T4-11
T3-11
T4-1
T4-10
T3-10
T1-10
T2-10
T1l-6
T2-6
T3-6
T3-12
T4-6
T4-12
T1-3
T2-3
T3-3
T3-9
T4-3
T4-9

#LLDR35

ILLDT45
#LLDT45
9LLDR45

#LLDR45

SL1+12
SL1+12
SHIELD

SHIELD

SERIAL IN CHANNEL 3 RETURN

-SERIAL OUT CHANNEL 4
SERIAL OUT CHANNEL 4 RETURN
SERIAL IN CHANNEL 4

SERIAL IN CHANNEL 4 RETURN

+12 VDC
+12 VDC
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TABLE 2-7 LARGE DISTRIBUTION PANEL WIRING

PANEL
VIDEO P2 PIN CONNECTOR  TERM NAME DESCRIPTION

1 101 Jl7 VIDEZ00 SUB CHAN 0 VIDEO OUTPUT

‘ 101 J17 ZGNDOO
201 : J1i8 VIDE@O01l SUB CHAN 1 VIDEO OUTPUT
201 Jlis8 ZGNDO1
301 J19 VIDE@02 SUB CHAN 2 VIDEO OUTPUT
301 J19 ZGNDO1
401 J20 VIDE®03 SUB CHAN 3 VIDEO OUTPUT
401 J20 ZGNDO 3
501 J21 VIDE@04 SUB CHAN 4 VIDEO OUTPUT
501 J21 ZGNDO04
601 J22 VIDE@05 SUB CHAN 5 VIDEO OUTPUT
601 J22 ZGNDO5
701 J23 VIDE@06 SUB CHAN 6 VIDEO OUTPUT
701 J23 ZGNDO6
801 J24 VIDE@07 SUB CHAN 7 VIDEO OUTPUT
801 J24 ZGNDO 7
102 J25 VIDE@08 SUB CHAN 8 VIDEO OUTPUT
102 J25 ZGNDO08
202 J26 VIDE@09 SUB CHAN 9 VIDEO OUTPUT
202 J26 ZGNDO9
302 J27 VIDE@10 SUB CHAN 10 VIDEO OUTPUT
302 J27 ZGND10
402 J28 VIDE@l1l SUB CHAN 11 VIDEO OUTPUT
402 J28 ZGND11l
502 Jl VIDEZR1 RED VIDEO OUTPUT
502 Jl ZGNDR1
602 J2 DVIDE@Gl GREEN VIDEO OUTPUT
602 J2 ZGNDG1

' 702 J3 DVIDEgBl BLUE VIDEO OUTPUT

1 702 J3 ZGNDB1
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TABLE 2-7 LARGE DISTRIBUTION PANEL WIRING (cont'd)
PANEL
VIDEO P2 PIN CONNECTOR TERM NAME DESCRIPTION
1 802 J4 DVIDE@BW]1 GREY SCALE VIDEO OUTPUT
A 802 J4 ZGNDBW1
A HORZ DRIVE  9VHORZE  HORIZONTAL DRIVE OUTPUT
A HORZ DRIVE  #VHORZE
B COMP BLANK  9VCMPBLE COMPOSITE BLANKING OUTPUT
B COMP BLANK #VCMPBLE
D VERT DRIVE 9VVERTE  VERTICAL DRIVE OUTPUT
D VERT DRIVE  #VVERTE
| E COMP SYNC 9VCMSYE ~ COMPOSITE SYNC OUTPUT
1 E COMP SYNC #VCMSYE
2 504 Js VIDE@R2 RED VIDEO OUTPUT
A 504 Js ZGNDR2
604 J6 DIVIDE@62 GREEN VIDEO OUTPUT
604 J6 ZGNDG2
704 J7 DIVIDE@gB2 BLUE VIDEO OUTPUT
704 J7 ZGNDB2
Y 804 Js8 DIVIDE@BW2 GREY SCALE VIDEO OUTPUT
2 804 J8 ZGNDBW2
3 110 J9 VIDE@R3 RED VIDEO OUTPUT
A 110 J9 ZGNDR3
211 J10 VIDE@G3  GREEN VIDEO OUTPUT
211 J10 ZGNDG3
307 Jll VIDEgB3  BLUE VIDEO OUTPUT
307 J1l ZGNDB3
Y 407 J12 VIDE@BW3  GREY SCALE VIDEO OUTPUT
3 407 Jl2 ZGNDBW3
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TABLE 2-7 LARGE DISTRIBUTION PANEL WIRING (cont'd)

VIDEO P2 PIN cogﬁgg¥0R TERM NAME DESCRIPTION
4 507 J13 VIDE@R4 RED VIDEO OUTPUT
A 507 J13 ZGNDR4
609 J14 VIDE@G4 GREEN VIDEO OUTPUT
609 J14 ZGNDG4
711 J15 VIDE@B4 BLUE VIDEO OUTPUT
711 J15 ZGNDB4
* 811 Jl6 VIDE@BW4 GREY SCALE VIDEO OUTPUT
4 811 J16 ZGNDBW4
410 VERT DRIVE 9XVERTE VERTICAL DRIVE INPUT
410 VERT DRIVE #XVERTE
509 HORZ DRIVE 9XHORZE HORIZONTAL DRIVE INPUT
509 HORZ DRIVE #XHORZE
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TABLE 2-7 LARGE DISTRIBUTION PANEL WIRING

SERIAL PANEL
LINK P2 PIN CONNECTOR TERM NAME DESCRIPTION
1 306 T1-5 9LLDT15 SERIAL OUT CHANNEL 1
‘ 406 T1l-4 #LLDT15 SERIAL OUT CHANNEL 1 RTN
205 T1-2 9LLDR15 SERIAL IN CHANNEL 1
305 T1-1 #LLDR15 SERIAL IN CHANNEL 1 RETURN
108 T2-5 9LLDT25 SERIAL OUT CHANNEL 2
209 T2-4 #LLDT25 SERIAL OUT CHANNEL 2 RETURN
805 T2-2 9LLDR25 SERIAL IN CHANNEL 2
806 T2-1 #LLDR25 SERIAL IN CHANNEL 2 RETURN
708 T3-5 9LLDT35 SERIAL OUT CHANNEL 2
809 T3-4 #LLDT35 SERIAL OUT CHANNEL 2 RETURN
706 T3-2 9LLDR35 SERIAL IN CHANNEL 3
T9-2 9LLDR35
807 T3-1 #LLDR35 SERIAL IN CHANNEL 3 RETURN
T9-1 #LLDR35
107 T4-5 9LLDT45 SERIAL OUT CHANNEL 3
208 T4-4 #LLDT45 SERIAL OUT CHANNEL 3 RETURN
707 T4-2 9LLDR45 SERIAL IN CHANNEL 4
T9-5 9LLDR45
T10-5 9LLDR45
808 T4-1 #LLDR45 SERIAL IN CHANNEL 4 RETURN
' T9-4 #LLDR45
1 T10-4 #LLDR45
2 105 T5-5 9LLDT16 SERIAL OUT CHANNEL 1
A 206 T5-4 #LLDT16 SERIAL OUT CHANNEL 1 RETURN
607 T5~-2 9LLDR16 SERIAL IN CHANNEL 1
710 T5-1 #LLDR16 SERIAL IN CHANNEL 1 RETURN
106 T6~5 9LLDT2L SERIAL OUT CHANNEL 2
207 T6-4 #LLDT26 SERIAL OUT CHANNEL 2 RETURN
4 709 T6-2 9LLDR26 SERIAL IN CHANNEL 2
2 810 T6-1 #LLDR26 SERIAL IN CHANNEL 2 RETURN
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TABLE 2-7 LARGE DISTRIBUTION PANEL WIRING (cont'd)
SERIAL PANEL
LINK P2 PIN CONNECTOR TERM NAME DESCRIPTION
109 T7-5 9LLDT36 SERIAL OUT CHANNEL 3
i 210 T7-4 #LLDT36 SERIAL OUT CHANNEL 3 RETURN
505 T7-2 9LLDR36 SERIAL IN CHANNEL 3
T9-8 9LLDR36
T11-8 9LLDR36
606 T7-1 #LLDR36 SERIAL IN CHANNEL 3 RETURN
T9~7 #LLDR36
T11-7 #LLDR36
506 T8-5 9LLDT46 SERIAL OUT CHANNEL 4
608 T8-4 #LLDT46 SERIAL OUT CHANNEL 4 RETURN
605 T8~2 9LLDR46 SERIAL IN CHANNEL 4
T9-11 9LLDR46
T12-11 9LLDR46
705 T8-1 #LLDR46 SERIAL IN CHANNEL 4 RETURN
' T9-10 #LLDR46
2 T12-10 #LLDR46
405 T1-10 SL1+12 +12 VDC
T2-10 SL1+12
T3-10 SL1+12
T4-10 SL1+12
611 T5-10 SL2+12 +12 VDC
T6-10 SL2+12
T7-10 SL2+12
T8-10 SL2+12
K T3-3 SHLD GND
T3-6 SHLD GND
T4-3 SHLD GND
T4-~6 SHLD GND
2-29

PIV-000067



TABLE 2-~7 LARGE DISTRIBUTION PANEL WIRING (cont'd)

SERIAL PANEL
LINK P2 PIN CONNECTOR TERM NAME DESCRIPTION

T8-6 SHLD GND

T8-3 SHLD GND

T7-6 SHLD GND

T7-3 SHLD GND

T11-9 SHLD GND

T12-12 SHLD GND

G T1-3 SHLD GND
T1l-6 SHLD GND

T2-3 SHLD GND

T2-6 SHLD GND

T6-6 SHLD GND

T6-3 SHLD GND

T5-6 SHLD GND

T5-3 SHLD GND

T9-3 SHLD GND

T9-6 SHLD GND

T9-9 SHLD GND

T9-12 SHLD GND

T10-6 SHLD GND
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2.8 POWER ADJUSTMENTS AND MODIFICATIONS

The 9100 and 9200 utilize a smaller power supply than the 9300. Figures
2-8 and 2-9 show the power wiring for the 9100/9200 and the 9300 respect-
ively. Note that power is also supplied to the CPU connector for use by
Ramtek with test aids. The power supplies may be connected for 110 or 220
volt operation. When operating as a 220 VAC system the fans are wired
such that they always operate from 110 VAC. As shown in Figures 2-8 and
2-9, 110 VAC and 220 VAC operations require the two AC jumpers as follows:

110 VAC Operating:
Jumper 1 between TB1-1 and TB1-2

220 VAC Operation:
Jumper 1 between TB1-2 and TB1-3
Jumper 2 between TB1-4 and TB1-5

CAUTION

The fans and AC input wires must be wired exactly as
shown or the AC jumpers will cause severe damage to

the systen.

Power supply voltages should be within +5% of nominal values shown on

the power wiring diagrams. It is necessary to maintain a minimum load

of two amperes on the +5 V for the 9100, 9200 power supplies when
attempting to adjust or test power. It is necessary to maintain a min-
imum load of three amperes for +5 V and two amperes for +12 V when test-
ing 9300 power. It should never be necessary to adjust power voltages,
however, all voltages are adjustable for both supplies. When viewed

from the rear, the voltage adjustments are under the plastic cover on the
right end of the Trio Labs power supply for the 9100/9200 displays. They
are on the left end of the Electro-Vector supplies used on the 9300.

2-31

PIV-000069



2.9 CONTROLS AND INDICATORS

The 9000 Series Systems may be operated in one of two modes as follows:

a. Display operate mode.

b. Diagnostic mode.

In the display operate mode, the 9000 will erase the screen and operate

as a graphic display system when power is applied. In the diagnostic mode,
the 8080 will jump to software contained on the diagnostic test board

(an optional test device), when power is turned ON or the reset switch

is depressed. The switch which controls this mode selection is contained
on the edge of the control board behind the front panel as shown below:

— wy
CONTROL
CARD
(Top View)
tj E; 44— SPDT Toggle Switch

14
? ? Q—-——- Diagnostic Mode Position

Self Test Display Operate
LED Mode Position
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If all cables are properly connected and all boards plugged in properly,
the system power switch may be turned ON. When turning on the system,
the self test light will flash on and then go off as the screen is erased
in the display operate mode. If the reset switch is depressed on the
control panel the self test light will illuminate for as long as the reset
switch is depressed and extinguish when the reset switch is released.

The self test lamp going off indicates that the 8080 micorprocessor is
operating properly and that all the PROMS which contain 8080 software
contain good bit patterns. The self test does not indicate the state of
the total system. For instance, self test does not indicate the state

of display refresh memory or the display generator. It is indicative
that the system is not ''dead" and that the user may proceed. When the
screen erases, the user can be more certain of the display generator and

refresh memory.

If the system does not turn on as described above, the user may wish to
recheck the CPU, CPU cabling, and make sure an interface board is in-
serted into Slot 1. If the interface board is not present the control
card will not be ''selected'" and will not operate. The LED power in-
dicator on the control panel is driven by +5 VDC and thus does not in-
dicate the operating voltage levels, it simply indicates that power is

present in the system.

If the system fails to operate properly but passes self test, the diag-
nostic board can be used to isolate the failure. If the display fails to
pass self test, the 8080 may not be able to execute any software and it
will most likely be necessary to exchange the control board, extract
video, serial link, or memory expansion boards which may be forcing the
control board to malfunction, or utilize a Ramtek model MM80 In-Circuit
Emulator to isolate the problem. The MM80 In-Circuit Emulator requires
knowledge of the control board but will always successfully find the
problem even if the 8080 is totally inoperative for any reason. The
MM80 would generally be employed at the factory or depot level, while
board swapping or the diagnostic test board would be utilized in the
field.
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2.10 ACCEPTANCE TEST HOST-CPU PROGRAMS

The 9000 Series Display System is capable of being interfaced to virtually
any computer currently available. Because all CPU are different in terms
of instruction set, memory addressing, register definitions, etc., it is
necessary to build a set of programs for each CPU and display system
interface. These programs provide a mechanism for verifying that the
communication lines between the CPU mainframe and the 9000 Series Display
System are operational. The programs which must be built for each CPU

can be divided into the following categories:

1. A program to read the instruction test data sets and transmit
the tests to the 9000 Series display processor via the computer

interface.

2. A program (or set of programs) to write, readback, and verify

data between the CPU and the 9000 Series display processor.

3. A program (or set of programs) to check interface functions
which are not merely data I/0 functions (e.g. system reset,

interrupt generation and/or disabling of interrupts, etc.).

Ramtek supplies the instruction test data sets which are CPU independent.

These tests are essential in testing the total system for operability.
They are also very useful for diagnosing a faulty system provided the in-
terface can, at least, write to the RM-9000 and the 8080 is operating cor-
rectly. In most instances, the boards can be isolated and exchanged with-

out the need for any other type of diagnostic aid.
2.11 DIAGNOSTIC AIDS

Two levels of diagnostic aids are available for trouble-shooting a faulty

system as follows:

a. Diagnostic tester board.
b. Model MM80 In-Circuit Emulator
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The diagnostic tester board is a PC board with small keyboard which in-
serts into any video slot. It contains a 12 position selector switch for
selecting one "direct through' memory plane at a time for display on a
monitor. This makes it easy to isolate faulty memory chips since ''bad
bits' appear as black and white, rather than grey scale. This board also
contains diagnostic software PROMs and RAM which when used in conjunction
with the control board 8080 circuitry can execute all the diagnostics.

This board is a must for field service of 9000 Series Systems.

The MM80 is a complete software and hardware development system for the
8080 microprocessor. Its in-circuit emulator capability is essential

for debugging problems that cause the 8080 to not operate as a CPU. Like
the diagnostic board, it can test every part of the system execpt the

interface board.

2.12 REPACKING FOR SHIPMENT

The following paragraphs contain a general guide for repacking of the
9000 Series System chassis for shipment. It is recommended that the
original packing material be retained. Instructions are given if
original or new packing is to be used. Before any material is returned
to Ramtek a RMA (Returned Material Authorization) must be obtained from

Ramtek Customer Service Department.

NOTE

If the equipment is to be shipped to Ramtek for service
or repair, attach a tag to the chassis identifying the
owner and indicate the service or repair to be accom-
plished. Include the RMA #, model number and full
serial number of the equipment. In any correspondence,
identify the equipment by RMA #, model number and

serial number.
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If the original container is to be used, proceed as follows:

a. Place chassis in original container as previously packed.
b. Ensure that container is well sealed with strong tape or

metal bands.

If the original container is not available, proceed as follows:

a. Wrap chassis in heavy paper or plastic before placing in an
inner container.

b. Place packing material around all sides of chassis and protect
connectors and panel face with cardboard strips.

c. Place equipment and inner container in heavy carton or wood
box and seal with strong tape or metal bands.

d. Mark shipping container with "DELICATE INSTRUMENT', "“FRAGILE",
etc.
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3.0 THEORY OF OPERATION

The block diagram shown in Figure 3-1 summarizes the major sections which
comprise the 9000 Series architecture. As shown, the host CPU communi-
cates through a standard Ramtek interface. A standard bus structure
called the Internal Data Exchange (IDE), has been defined for previous
Ramtek display products. It allows the CPU to be interconnected to as
many as eight major sections as defined by the eight select lines shown
in Figure 3-1. The 9000 Series control board is considered one of the
sections. Thus, one interface could potentially be wired to more than
one 9000 Series controller. The Read, Write and Access lines cause the
16 bit transfer to occur over the 16.bit bidirectional data bus. These
lines are shared by each section which communicate with the interface.

The acknowledge line acts to synchrohize handshake sequences during the
data transfer. Six interrupt lines are available for interrupting the
host CPU. The 9000 Series control board utilizes four of the six inter-
rupts. It does not utilize the access line or interrupt acknowledge.

CPU reset is used to reset the entire controller under software control
or when depressing a reset switch on a host minicomputer. The 8080 micro-
processor software can poll the write handshake line to determine when a
16 bit data word is available. When the 8080 reads or writes a 16 bit
data value, the acknowledge line is automatically initiated. The inter-
rupt lines are peripheral I/0 bits to the 8080 microprocessor. Typically,
the 8080 executes software from the 2K byte ROM, which causes it to poll
the write handshake line as well as the serial peripheral device activity
bits. If no activity has occurred, the 8080 simply continues to scan

this status information. The interface parallel link portion of the con-
trol board shown in Figure 3-1 contains driver/receiver modules which
interconnect the IDE bus with the Internal Processor (IP) bus. When the
8080 microprocessor receives a user level instruction from the host CPU,
it will decode the instruction under software control and determine how
to operate on the 16 bit words which follow. In the case of image data,
the 8080 microprocessor would normally load the X current operating point
and Y current operating point registers contained in the display generator.
These registers determine where the writing will begin on the screen.
After the 8080 microprocessor has initialized the necessary refresh memory
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address registers, it will cause a DMA transfer to occur between the inter-
face parallel link and the display generator refresh memory data registers.
These DMA transfers can occur at a rate of one 16 bit word every 1.5 usec.
If the 8080 microprocessor receives a user command which causes alpha-
numeric characters to be displayed on the screen, it will receive the 8
bit ASCII character and utilize its character generator ROM to determine
the related font. This font information is then loaded under software
control into the raster data register contained in the display generator.
The 8080 microprocessor may write up to 8 bits of font per transfer.
Between transfers it will load the X and Y current operating point regis-
ters to move to the next line of font. The 8080 microprocessor may also
utilize the static RAM or dynamic RAM on the memory expansion board as a
lookup table for programmable font. When reading image data back to the
host CPU, the 8080 microprocessor will set up a DMA transfer between the
display generator readback register and the interface parallel link.

These DMA transfers are internal to the control board and are not related
to DMA transfers which may occur between the host CPU and the standard
interface boards. When the 8080 microprocessor receives scroll instruct-
ions from the host CPU, it will convert the commands to the necessary
codes which it loads into the X origin and Y origin registers contained
in the display generator. The display generators memory plane select
register determines which refresh memory boards are enabled during these
writing processes. The screen refresh address register contained in the
display generator is utilized to address the refresh memory boards for
the purpose of driving data to the video generator boards. Thus, the
addresses used for reading and writing refresh memory are independent of
screen refresh address. Reading and writing may occur in any of eight
possible directions as controlled by the control and update registers
contained in the refresh memory control logic of the display generator.
Note that the display generator logic on the control board consists of
three major sections: the refresh memory control logic, the refresh
memory data registers, and the refresh memory address registers. These
three major sections drive the memory input bus shown in Figure 3-1.

This bus consists of 16 memory address lines, 12 memory plane select lines,
12 1/0 data lines and six memory handshake lines. One memory I1/0 data

line is connected to each refresh memory plane. Each refresh memory
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board can contain up to six 256 x 320 sections per board. Each model

of the 9000 Series Display Systems can contain up to 12 planes of memory
for its related resolution. The refresh memory boards drive a memory
output bus as shown in Figure 3-1. This refresh memory data consists of
12 bits, 1 bit for each plane for the 9100; 24 bits, 2 bits for each
plane for the 9200; and 48 bits, 4 bits for each plane for the 9300. The
data rate on these lines is 6.5 MHz regardless of the resolution of the
system. Up to two video boards may be contained in a 9100 or 9200 and

up to four video boards may be contained in a 9300. All video boards
receive all 12 planes of information. These video boards also receive
video sync timing signals from the sync timing board contained in the
back of each of the 9000 Series chassis. These video sync lines are
mixed with the memory plane data in an appropriate fashion and result in
composite video data which is in turn driven to the video monitors. This
data is RS-170 compatible video. Note that the internal processor bus

is also routed to all of the video generator boards. Certain video gen-
erator board designs contain video lookup tables which can be loaded under
8080 micorprocessor software control to map the refresh memory data to
pseudo color or new grey scale values. The 9000 controllers may contain up
to two serial link boards. Each serial link board contains up to two
cursor generators which are driven to all of the video boards. As shown
in Figure 3-1 each serial link board contains four Universal Synchronous
Receiver Transmitter (UART) modules. Each of the UARTs may communicate
over serial transmission lines to keyboards or joystick cursor control
devices. Each serial link board may communicate with up to four key-
boards, or two keyboards and two joysticks. UART1 and UART2 are clocked
by separate baud rate generation circuitry from UART Number 3 and 4.

The operation of the serial 1link board is controlled by the 8080 micro-
processor software. When data transfers are not occurring within the
system the 8080 polls the serial link boards on a continuous basis to
determine if serial link activity has occurred. When serial link activity
occurs, the 8080 microprocessor software processes the 8 bit values from
the UARTs and stores or buffers the information in static RAM on the
control board. Under software control, the 8080 interrupts the interface
by loading peripheral device registers which drive one of four interrupt

lines to the interface. The option software which allows the serial link
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board to process these characters is contained on the memory expansion
board in the option ROM. The option ROM may also contain other options

for scaling and drawing vectors and conics.

3.1 GENERAL SEQUENCER THEORY

As previously discussed, there are three levels of programming that exist
within a 9000 Series System. The third level as described is firmware
that exists in PROMs that form part of a circuit called a sequencer.
These sequencers are microprogrammed controllers that are used to perform
hardware functions that require more speed than the 8080A-1 is capable of

providing.

A generalized configuration block diagram of a sequencer as used in the
9000 Series Systems is shown in Figure 3-2. The sequencer is basically

a simplified, but specialized computer that is limited to the functions
of testing conditions to control the program flow and providing control
signals that are used to control the operation of some specific hardware.
Hence, a sequencer may be programmed to perform in some prescribed manner
a specialized function(s). Thus, this sequencer is a microprogrammed

decive.

In Figure 3-2 the block labled CONTROL PROGRAM STORE is the program
memory containing the microprogram in -PROM. The block labled

ADDRESS REGISTER is analogous to the program counter of a computer. It
contains the current address of the instruction that is being executed.
The block labled TEST CONDITION SELECTOR is a selector that determines
which of a given set of conditions is the one that is currently being
tested. There are two methods of providing control to external circuitry
as indicated in the block diagram, DIRECT CONTROL or DECODED CONTROL.

The '"character'" of a sequencer is determined by the microprogram that
resides in its CONTROL PROGRAM STORE. The instruction format is as shown

below.
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CONDITION SELECT CODE

NEXT INSTRUCTION GROUP ADDRESS

—

CONDITIONS
—

TEST
CONDITION
SELECTOR

ADDRESS

REGISTER

ADDRESS

CLOCKI

RESET

CONTROL

PROGRAM

STORE

FIGURE 3-2

GENERAL SEQUENCER

CONFIGURATION

3-6

CLOCKI

DIRECT
CONTROL
[ ——  »
CONTROL
CODE CONTROL DECODED
DECODER CONTROL.
———e
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NEXT INSTRUCTION CONDITION DIRECT DECODED
GROUP ADDRESS SELECT CODE CONTROL CONTROL

The next instruction group address is a set of bits that determine the
most significant bits of the address of the next instruction to be exe-
cuted, thus specifying the group of instructions in which it resides.

The condition select code specifies a condition or set of conditions that
are used to determine the least significant bit or bits of the address

of the next instruction to be executed. At this time, the address of the
next instruction to be executed is totally specified dependent upon the
state of the specified condition or set of conditions. Thus the sequencer
has a condition jump capability to control the program flow. Unconditional
jump capability is also present as a degenerate case of the conditional
jump capability. Finally, the direct control and decoded control portions
of the instruction provide the desired control to the external circuitry.
Direct control uses bits out of the CONTROL PROGRAM STORE directly to per-
form control functions. Decoded control uses bits that are decoded in
some manner to provide control functions. The major difference between
these two methods of control are that direct control can provide multiple,
simultaneous, control functions (as many as there are bits used) while
decoded control, though more bit efficient, can only provide one control

function at a time per decoder. Both methods may be used in combination.

As a micorprogram within the CONTROL PROGRAM STORE is executed, each
instruction currently executing specifies the necessary information to
determine the next instruction that will be executed and may or may

not, as required, provide control information to the external circuitry.
A sequencer configuration that is more typical of the ones that are used

in the 9000 Series Systems is shown in Figure 3-3. This sequencer has an

instruction format that consists of 20 bits of information as shown below.
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CONDITION SELECT CODE 1 (3)

TEST
CONDITION
SELECTOR
2

TEST
CONDITION
SELECTOR
1

CONDITION SELECT CODE 2 (3)

NEXT INSTRUCTION GROUP ADDRESS (4)

-

-

CLOCKI

RESET

ADDRESS
ADDRESS(6)

REGISTER

FIGURE 3-3
TYPICAL SEQUENCER
CONFIGURATION ON THE
CONTROL BOARD

CONTROL

PROGRAM

STORE

DIRECT
CONTROL
(10)
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19 |18}17 |16 {1514 {13 |12 |11 |10|9 |8)7}|6]|5]4}3(2(1]0

DIRECT CONTROL

| ..CONDITION SELECT CODE 1

L CONDITION SELECT CODE 2

. NEXT INSTRUCTION GROUP ADDRESS

The NEXT INSTRUCTION GROUP ADDRESS is 4 bits in width, and specifies a
group of four instructions, one of which will be the next instruction to

be executed. The CONDITION SELECT CODES 1 and 2 are applied to TEST
CONDITION SELECTORS 1 and 2 respectively (each is a 3 bit code). The codes
select a set of two conditions whose states are used directly to determine
the least significant 2 bits of the next instruction address. Thus one of
the four instructions specified by the NEXT INSTRUCTION GROUP ADDRESS is
selected as the next instruction to be executed. Further, the next in-
struction address is 6 bits in width, defining the word length of the

CONTROL PROGRAM STORE to be 64 words, or instructions.

Note also, that there are 16 possible conditions that are tested in pairs
to control the flow of the microprogram. Four of the 16, two from each
1-of-8 selector, are given over to implement the unconditional jump capa-
bility by providing guaranteed states of '"1'" and '"0'" on each TEST CON-
DITION SELECTOR.

The next instruction address is applied to the input of the ADDRESS
REGISTER and is loaded to become the current instruction address at the

positive transition of the clock input of the ADDRESS REGISTER. The sequen-

cers in the 9000 Series Systems operate on a 153 ns clock cycle time.
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At power ON or CPU reset time a RESET signal is applied to the ADDRESS
REGISTER to provide an initial starting place for the microprogram which

is address 000000 binary.

Finally the sequencer of Figure 3-3 provides 10 bits of direct control.
The pulse width or level of these control signais is a direct function of
how the microprogram is written. In the 9000 Series Systems pulse widths

will be in multiples of the 153 ns clock cycles.

Thus, the sequencer shown in Figure 3-3 can provide a very powerful, neat
and orderly control circuit that can be implemented with only eight 16

pin MSI ICs.
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4.0 INTERFACE BOARD AND INTERNAL DATA EXCHANGE BUS

The commonality between most interface assemblies used in the 9000 Series
may be best illustrated by discussing the 9000 Series General Purpose
Interface (GPIF) which provides a simple, generalized method of interfacing
a variety of computers to the 9000 Series Systems. This includes computers
manufactured by Texas Instruments, Honeywell, Data General and Interdata.
The GPIF includes the necessary command/status and data registers, hand-
shake control circuitry and interrupt control circuitry normally required
in any computer interface to the 9000 Series. This minimizes the amount

of logic design required to implement an interface to a particular CPU.

Physically, the GPIF consists of a single plug-in board assembly, mounted
in a 9000 Series chassis, which communicates with the CPU through a single
back-panel connector using 22 signal pairs.

Figure 4-1 depicts the relative position of the GPIF within a typical
computer and a 9000 Series System configuration. User designed logic usually
will reside in the CPU. 1In some cases where the computer configuration

does not allow for this, custom designed logic will be placed on the GPIF.

In this situation the user defines his own signal and cable requirements

and merges his logic to the GPIF, by-passing the GPIF drivers and receivers.

HOST COMPUTER RM-9000 SYSTEM

,GEL—-—-— —_—— -

Py :INTERFACE GPIF :IDE BUS

BUS & : GPIF CABLE : & CONTROL

CONTROL : _ € | SIGNALS

sIGNALS | |
| —_—

USER DEFINED RAMTEK DEFINED

FIGURE 4-1 GPIF WITHIN A
COMPUTER/9000 SYSTEM
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4.1 GENERAL PURPOSE INTERFACE SIMPLIFIED BLOCK DIAGRAM

The simplified block diagram in Figure 4-2 shows 22 signal lines to/from
the CPU. All are negative true (complement logic), the 16 data lines
(I@BIT00-15) are bidirectional, the remaining six lines are undirectional

control lines. A description of these lines and term names is as follows:

IPBITOO-IPBITLS. Bidirectional, data lines, IPBITOO is the least
significant bit (LSB).

IPWRITE. CPU to display, when true (0 VDC), causes the contents
of IPBITO0-IPBIT15 to be loaded into the GPIF command register or
output data register, as determined by IACMD. I@WRITE should not
be asserted simultaneously with I@READ.

IPREAD. CPU to display, when true (O VDCY) causes GPIF to place
contents of the status register or input data register as deter-
mined by IPCMD onto IPBITO00-I@BIT1S for reading by the CPU logic.
This signal should not be asserted simultaneously with I@WRITE.

IACMD. CPU to display, during an I@GWRITE or I@READ operation, when
true (0 VDC) indicates that the command or status register is
selected. When false (+5 VDC) indicates that the output or input
data register is selected.

IPREADY. Display to CPU, when false (+5 VDC), irndicates that
the GPIF is busy transferring data within the display system and no

data transfers between the CPU and the GPIF should be initiated.

(Exception: reading the status register is allowed.)
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COMMAND
TO CPU ¥ recisTER TO IDE BUS
«—
_p| OuT DATA |
12B817T00-15 1/0 REGISTER IDE BUS
DRIVERS/ DRIVERS/ b————---%
RECEIVERS RECEIVERS
IN DATA  |¢—————
REGISTER
STATUS
REGISTER
19READ, READ,
IGWRITE, 18CMDY| oo\ orte  f— —— —_— HANDSHAKE WRITE, ACCESS,
42RDY CONTROL - — CONTROL ACKNOWLEDGE
INTERRUPT INTERRUPT ACKNOWLEDGE o

‘IGINT

CONTROL < INTERRUPTS
I2CLR

FIGURE 4-2 GPIF SIMPLIFIED BLOCK DIAGRAM

IPINT. Display to CPU, interrupt or service request to CPU. This

signal is true_(O VDC) when any of the interrupt bits of the status:

register become set if the corresponding enable bit is set in the

command register. IPINT remains true until the status register is

read. (Exception: the DONE interrupt bit, set by the rising edge
~.of IPREADY will also be reset automatically whenever a read or

write data operation or an access cycle is initiated.)

IACLR. CUP to display, master reset. When true (0 VDC) resets

the command and data registers and issues a reset to the entire
9000 Series System.
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DRIVERS AND RECEIVERS

The GPIF uses tri-state line driver/receiver ICs (typically Signetics
type 8T26) for the 22 interface signals. All signals are terminated
by 220 ohms to +5 volts and 330 ohms to ground. The cable to the

CPU is usually comprised of twisted pairs. The same line driver/
receivers and termination are usually used at the CPU. Cable

length is normally in the 10-12 foot range. The maximum cable length
is determined by the signal timing requirements of the CPU mounted

interface.
I/0 TIMING

The GPIF is relatively timing independent; leading and/or trailing
edges of control signals are synchronized to an internal system

clock before use and pulse widths are not critical.

The I/0 write timing is shown in Figure 4-3. The I@BIT00-I@BIT15
and IPCMD should be stable > 100 ns before IPWRITE is asserted, and
should remain stable > 300 ns after IPWRITE is asserted. I@WRITE
should be > 300 ns. It is not necessary for I@WRITE and I@BITOO
IPBIT15 to be coincident on the trailing edge, only the leading
edge timing is important.

The I/0 read timing is shown in Figure 4-4. The GPIF synchronizes
IPREAD to an internal clock then gates the contents of the selected
register (status or data) onto IPBIT00-I@PBIT15. Allowing for this
synchronization plus gate delays and settling time, the CPU logic
should wait > 250 ns after the assertion of IPREAD before accepting
the data. There is no maximum pulse width. The data will be stable

as long as IPREAD is true.
During the time IPREAD is true (low) and for a minimum of 250 ns
after the release of IPREAD, IACMD must remain true (low). (If the

state of IPCMD is simply left unchanged until the start of another
IPREAD or I@WRITE pulse, this latter timing requirement should pre-
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sent no problem.) The minimum reset (IPCLR) timing pulse width is
500 ns.

r 2300NS ﬂ
IzBIToo—15| j
iscmD | I

IBWRITE “1 J

>
2100NSL 2300NS J

FIGURE 4-3 1/0 WRITE TIMING

orEAD | I
—— T
]

12BITO0-15 “1

2250N 2250NS

FIGURE 4-4 1,/0 READ TIMING
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4.2 TRANSFER TIMING

To illustrate the minimum single-word data transfer time that can be
achieved, refer to Figure 4-5. Note that this example deals with a
single transfer and should not be used to calculate maximum throughput
rates. The GPIF may have to wait for the IDE bus to be free before data

can be transferred.

It is assumed that the IDE bus is not busy at the start of the operation
and that the selected system block will accept data at its highest rate.

|
IOWRITE R (FROM CPU)

SYSTEM a
CLOCK(llMHZ)l

WRITE SYNC I l I

IDE WRITE '

ACKNOWLEDGE | ! J L_____

| ; f

BUSY (IBRDY)

FIGURE 4-5 TRANSFER TIMING

The sequence illustrated in Figure 4-5 is as follows:

a. I@WRITE is enabled (asynchronous to system clock).
b. The GPIF recognizes IPWRITE, loads the output data register,
and prepares to start an internal write operation.
c. A write signal is asserted to the 9000 Series System, IPRDY goes

false.
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d. The system acknowledges the write signal.
The GPIF releases the write signal.
The system releases the acknowledge signal. IPRDY goes true.
The GPIF could now begin another cycle.

With an 11 MHz system clock, 5 x 90 or 450 nanoseconds have elapsed since
the insertion of IPWRITE. )

Figure 4-5 can also represent the minimum time for a read operation.
The GPIF synchronizes to the trailing edge of IPREAD and using the same
waveform diagram but replacing "IDE write' with "IDE read', again, a
minimum of 450 nanoseconds elapses before the GPIF has updated the read

data register and is ready for interrogation by the CPU.

4.3 GPIF COMMAND AND STATUS

The GPIF provides a command and a status register. The command register
contains address, interrupt enables and command bits. The status register
consists of certain command register bits (environment) as well as inter-
rupt and status bits (status). The bit assignments are shown in Tables
4-1 and 4-2. Note that several of the bite are used only in other Ramtek
Display Products and are not used in the 9000 Series Systems.

A detailed description of each bit in the command register, Table 4-1, is

as follows:
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TABLE 4-1 COMMAND REGISTER BIT ASSIGNMENTS

RES |RDY | XMT |RCV (MIX|PRE |DEV| B2 | D1 | DO
EJEIELE SEL

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
' I
Bits 0-5 Not Used
Device Select Register

Select Enable

| Update Input Data Register

|_Cursor and Illegal Instruction Interrupt Enable

|_UART Receiver Interrupt Enable

L__UART Transmitter Interrupt Enable

L_Done (Ready) Interrupt Enable

|__Programmed Reset
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Bit 15 (RES). Programmed reset. Issues a reset signal to GPIF
and display system. Ignores all other command register bits.

Bit 14 (RDY E). Done interrupt enable. Enables leading edge
of READY to cause an interrupt, thus signalling that the GPIF
has completed an operation. This may be considered to be an
interrupt for the GPIF, as compared to XMT E, RCV E and MIX E

below.

Bits 13-11 (XMT E, RCV E, MIX E). Interrupt enables. XMT E is
UART transmitter interrupt enable, RCV E is UART receiver inter-
rupt enable and MIX E is cursor and illegal instruction interrupt

enable. '"1'" enables interrupts and '"'0' disables interrupts.

Bit (PRE). Update input data register. Usually used with DEV
SEL (bit 9) before an anticipated read data operation. When PRE
= "]1", a read sequence is initiated (internal to the 9000 Series
System) to the (newly) selected section so that the data register
may be read with current data. Thereafter, after every read
data operation, the interface will automatically fetch a new
data word to the input data register. If a new section is
selected and PRE = "0", a read data operation may still be per-
formed but the contents of the first data word which is read
will be the old contents of the read data register. The comple-
tion of a read data operation always causes a new internal read
cycle to be initiated. When PRE is true it causes TPREADY to go

false while the update operation is performed.

Bit 9 (DEV SEL). Select enable. When DEV SEL = "1%, the contents
of bits 8-6 are loaded into the device select register, thus

selecting a new device. When DEV SEL = ''0", bits 8-6 are ignored.
Bits 8-6 (D2, D1, DO). Device select register. D2, D1 and

DO select the various internal sections of the 9000 Series

System. The code assignments are as follows:
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w
de
o+
w

876

0 0 0 - 9000 Controller
0 0 1 - Unassigned

0 1 0 - Unassigned

0 1 1 - Unassigned

1 0 0 - Unassigned

1 0 1 - Unassigned

1 1 0 - Unassigned

1 1 1 - Unassigned

Bits 0-5 not used, but should always be set to logical '"0".

A detailed description of each bit in the status register, Table 4-2, is

as follows:

TABLE 4-2 STATUS REGISTER BIT ASSIGNMENTS

— ENVIRONMENT — | STATUS —
.| RDY | XMT|RCV{ MIX XMT|RCV ILL|CRS
D2 | D1 | DO |PRE E E|E E RDY 1|1 I I

15 14 13 12 11 10 9 8 7 6 S 4 3 2 1 0

DEVICE NOT USED CURSOR
SELECT TRACK CR
REGISTER ENTER
INTERRUPT

ILLEGAL
INSTRUCTION
——INTERRUPT

—UART RECEIVER INTERRUPT

L---UART TRANSMITTER INTERRUPT

——READY

L—-NOT USED

——CURSOR AND ILLEGAL INSTRUCTION
INTERRUPT ENABLE

‘——UART RECEIVER INTERRUPT ENABLE

“— UART TRANSMITTER INTERRUPT ENABLE

‘——DONE (READY) INTERRUPT ENABLE

—————UPDATE INPUT DATA REGISTER
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a. Bits 15-13 (D2, D1, D0O). Device select register. Bits 8-6
from the command register.
"b. Bit 12 (PRE). Update input data register. Bit 10 from the
command register.
c. Bit 11 (RDY E). Done (ready) interrupt enable. Bit 14 from
the command register.
d. Bits 10-8 (XMT E, RCV E, MIX E)., Interrupt enables. Bit 13-11
from the command register.
Bit 7. Not used.
Bit 6 (RDY) Ready. Bit 6 = "0'" indicates that the system is
busy (not ready) with an internal operation and will not
respond to data transfers. RDY will equal "0'" for a period
of time after each write data or read data operation, and
after a write command operation in which PRE = "1". Bit 6 =
"]1' indicates that data may be transferred.
g. Bit 5 (XMT I). UART transmitter interrupt.
Bit 4 (RCV I). UART receiver interrupt.

i. Bits 2, 3. Not used.
j. Bit 1 (ILL I). 1Illegal instruction interrupt from control card.
k. Bit 0 (CRS I). Cursor track or enter interrupt.

4.4 DETAILED DESCRIPTION - GENERAL PURPOSE INTERFACE

Refer to Drawing 502029, Sheet 1 is a block diagram, sheet 2 is a
timing diagram and sheets 3-7 are logic schematics. Sections of the
block diagram are labled with sheet numbers indicating where the logic

for a particular block is located.

The "1/0 bus' (IPBITOO-*I@BIT15) refers to the bus between the interface
and the CPU, while the "IDE" (9CDAT00-9CDAT15) refers to the Internal
Data Exchange bus between the interface and the display system, Both

busses are tri-state, negative-true and bi-directional.

Refer to drawing 502029-3, The I/@ bus receivers are shown at locations
8G, 8H, 8J, 8K. The command register (locations 6G, 6J, 6K) is loaded
with the I/P bus write data (WRBITOO-WRBIT15) by signal WRTCMD. WRTCMD
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derives from signal *IPWRT from the CPU which, as signal 9I@WRT, is syn-
chronized to thc rest of the system by the 6.5 MHz clock (P@SCLK) producing
signals *WRT2 (location 5L). Signal I@CMD from the CPU indicates whether
an I/9 transaction is a command/status or a data transaction. (IGCMD =
logic "0" indicates command/status, I@CMD = logic ''O" indicates data.)

Algebraically this may be expressed as the following Boolean equation:
WRTCMD then = I@CMD - *WRT1 . *WRT2

Since *WRT2 is equivalent to *WRT1 delayed by one cycle of P@PSCLK, WRTCMD
(location 6M) is a positive pulse equal in duration to one 153 ns clock
period (see timing diagram). WRTDATA is derived in a manner similar to
WRTCMD except that I@CMD is a logic '"0". The Boolean equation is as

follows:

WRTDATA = IPCMD - *WRT1 . *WRT2

Portions of the command register are selectively loaded depending on the
state of certain bits in the command word. For instance, loading of the
device select bits, (DSEL1-DSEL4, location 4J) is controlled by the state
of WRBIT09, which is itself loaded by WRTCMD to generate the select enable
signal (SELENA). The remainder of the command register is generated from
WRBIT10-WRBIT15 loaded by WRTCMD (location 6K).

The device select bits are decoded by a three-to-eight decoder (location
6B) to produce signals *SELO-*SEL7. These signals are synchronized to
IDE bus transactions by signals *ACCESS, *IDEWRT and IDEREAD (location
3C). These signals generate the load signal (SELCLK) which loads two
registers, the outputs of which are the actual system select lines
(9CSEL0O-9CSEL7) . The logical AND of internal clear signal (INTCLR) and
PACLK insure that after a reset operation (especially a power-on-clear),
multiple select lines are not asserted. The logical complement of
INTCLR (*INCLR) resets the device selects bits to "0", causing *SELO to
be a logic "0", which is then loaded by P@SCLK to cause only 9CSELO to

be asserted.
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If the command register is loaded with WRBIT15 set, a programmed clear
operation is initiated. WRBIT15 and WRTCMD generate signal *DISC@N
(location 7M), resetting a binary counter (Loc 6H) by means of its load
input (loading all zeros). P@SCLK will increment the counter until a
maximum count of 15 is reached, at which time the "max'' signal (*PROGCLR)
will go to a logic '"1'", disabling further counting. *PR@GCLR will then
remain at a logic '"1'" until another *DISC@N signal is received. The
"max" signal (*PRPGCLR) thus serves as the intended programmed clear sig-
nal. Note that during a power-on sequence, regardless of the state

of the binary counter, it will reset itself in a few clock cycles, all

the while generating an additional, and redundant, reset signal.

Refer to drawing 502029-4, The status register consists of bits from
throughout the interface, including the command register and interrupt
flags. These are selected for reading to the CPU by signal 91@CMD (loca-
tions 4G, 4H, 4J, 4K). 91@CMD = "0" selects the status word, 91@CMD = "1"
selects the input data register (discussed later). The output of the
selectors is gated to the I/@ bus by signal DRD1 (locations 8G, 8H, 8J,
8K). DRD1 derives from signal *IPREAD synchronized with the 6.5 MHz clock
(locations 7A, 8A on drawing 501948-6) and will be.discussed later.

Read data (RDATO00-RDAT15) from the IDE bus is loaded into the input data
register (locations 4E, 4F, 5F) by signal *IDEREAD. This signal also

will be discussed later.

The loaded read data, LRDATO0-LRDAT15, is available by reading to the
CPU in a manner similar to the status register. 91@CMD = "1" selects

the data and DRD1 gates it to the I/® bus.

The 14 MHz system clock is received by ECL to TTL converters (location
8A). Neither of the converted signals 9N14CLK or 9P14CLK are used by

the interface.

Refer to drawing 502029-5. The output data register (locations 5G, 5J,
5K) is loaded with the I/@ bus write data (WRBITOO-WRBIT15) by signal
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WRTDATA. Read data (RDATOO0-RDAT15) is received from the IDE bus. Data
written to the IDE bus consists of the output data word (locations 5G, 5J,
5K). The data word is selected (location 5E) for the write operation by
signal IDEWRT (location 7G). DATENA, gates the selected data onto the
IDE bus (locations 6E, 6F, 7E, 7F).

Refer to drawing 502029-6. Much of the operation of any of the handshake

controls is similar. One of them will be discussed in detail and the
others only generally to point out how they differ. The handshake control

circuitry is located on the right half of drawing 501948-6. It will be
helpful to also refer to the timing diagram drawing 501948-2 for the
following discussion. The handshake control circuits can be thought of
as D-type flip-flops (actually J-K flip-flops wired to act like D flip-
flops) following the transition of the acknowledge line (9CACK) by one
clock cycle if properly initialized. The write handshake is initiated
by WRTDATA (location 4D) which loads the output, data register. The
asserted signal to the display system is 9CWRITE (location 6A).

The read (9CREAD) handshake cycle (location 6A) can be initiated two ways.
First, by signal D@NEDAT. D@NEDAT is input to a flip-flop (location 5A)
which signifies that a read-data operation has been completed to the CPU,
and the IDE read operation that is to be performed is to fetch the next
data word in anticipation of another read-to-CPU sequence. Second, by
signal JINRD3 when input to the flip-flop (location 4C) is algebraically

derived as follows:
JINRD3 = WRTCMD - PREFTCH

Thus, a read cycle will be initiated immediately upon setting the pre-
fetch bit.

The three flip-flops (locations 4C, 5A) which are set by the two methods
discussed above are logically OR gated (location 3C) to generate signal
SETREAD which serves to control the common read flip-flop (location 4D)
generating signal IDEREAD. The asserted signal to the display system

is 9CREAD.
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At any time that an IDE bus cycle is in progress or about to be initiated
the ready signal to the CPU is not asserted. This AND gated (location 4M)
signal is I@READY and is described by the Boolean equation:

IPREADY = 2CACK - SETACC . SETWRT - SETREAD - INTCLR

The asserted signal (*IPREADY) to the CPU is negative-true. The 11 MHz
system clock is received and buffered by ECL to TTL converters (location
8A). Signal NEGCLK is not used by the interface and is provided for
reference and trouble shooting if necessary.

The signals D@PNEDAT and D@NESTS indicate that the CPU has completed reading
data or status, respectively. These signals (locations 4M, 6M) are gen-
erated by a circuit similar to that used to generate WRTCMD and WRTDATA,
discussed previously. Both of these are positive going signals equal in
width to one clock period (shown in timing diagram, drawing 502029-2)
occurring at the end of a read cycle and are described by the following

Boolean equations:

D@NEDAT ICMD - DRD1 : DRD2

DPNESTS = 9I@CMD - DRD1 - DRD2

DRD1 and DRD2 are derived at flip-flops (location S5L) from IPREAD syn-
chronized to P@SCLK.

The interrupt control circuits (location 6D) detect the rising edge of
any of the 9000 Series System interrupt lines arriving at the interface.
The "rising edge' refers to the signal level after it is received (loca-
tion 8D) and inverted by the interface; the interrupt lines are actually
negative-true. One example will be given as typical for all the inter-

rupts. Refer also to the timing diagram drawing 502029-2,

All the interrupt lines are synchronous to the system clock. As 9MINT7
(location 8D) is asserted (OMINT = logic "0O'", MINT7 = logic '"1'), then
SINT7 (location 6C) will be true for one clock period until LMINT7 is
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set at the leading edge flip-flop (location 6D). This allows *MPXINT7 to
be set at the interrupt flip-flop (location 5D). The bit 0-3 interrupts
are OR gated (location 5H) to produce a common interrupt (MPXINT). Then
if the interrupt is enabled by the gating circuit (location 6L), MPXIENA
must = logic "1", the interrupt line (I@QINT) will be asserted to the CPU.
*MPXINT7 is reset at the completion of a read-status operation by *DPNEST
at the interrupt flip-flop (location 5D). The interrupts are disabled
from being set during a CPU read operation by signal EXTREAD, (the logical
OR of DRD1 and DRD2) which disables the input to the interrupt flip-flops
(locations 5B, 5C, 5D). EXTREAD also gates the system clock (P@SCLK) to
the leading edge flip-flops (location 6D), preventing a leading edge trans-

ition in progress from being detected until after the read operation.

Refer to drawing 502029-~7. The ready interrupt signal (RDYINT)

differs from the others only in that it is generated by conditions on
the interface rather than from system interrupt lines from the rest of
the display system. It operates -in an entirely analogous fashion gener-
ating an interrupt to the CPU with the circuitry consisting of two flip-
flops and gates (locations 3E, 3L, 3M, 4L), every time the ready line
IPREADY rises. It thus signals that the system is ''done" with an IDE
bus transaction. The interrupt is enabled by signal RDYIENA (location
6L on drawing 501948).

Note that if a valid acknowledge had occurred, the fall of SELCLK would
reset ASSERT in the flip-flop (location 4L) and clear the binary counter

{location 7K) by means of its ''load' input, pin 11.

4.5 DETAILED DESCRIPTION - INTERNAL DATA EXCHANGE BUS

Figure 4-6 shows the Internal Data Exchange bus (IDE) block diagram.
Communication with all portions of the system is accomplished with a
common set.of asynchronous TTL handshake lines and a 16 bit bidirectional

tri-state TTL bus. All data and handshake lines which form the IDE
operate in a complement logic fashion (active = "0" = 0 VDC).
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FIGURE 4-6 IDE BLOCK DIAGRAM
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Each assembly connected to a unidirectional signal originating in the
interface presents one standard TTL load to the signal. Unidirectional
signals originating on other assemblies received by the interface are
not loaded by the originating circuit(s). Therefore, the full drive
capability of a standard TTL signal source is available for use by the
interface.

The data exchange lines shown in Figure 4-6 are defined as follows:

DATA 0-15--9CDAT00-9CDAT15. Bidirectional, tristate, active low
data bus bits 0-15 interconnect the interface and the 9000 Series
System. Usually, 8T26 bidirectional driver/receiver modules are
used when connecting to the IDE. The interface contains 470-ohm

pullup resisters for line matching. Bit 0 is the LSB, Bit 15 is
the MSB.

READ--9CREAD. Interface to the 9000 Series System, active low.

The read handshake line (9CREAD = 0 VDC) indicates that the selected
assembly of the display system should place a data word on the IDE.
When the IDE contains valid data, the acknowledge line is driven
(9CACK = 0). The data will be held until the read line is removed
(9CREAD = +5 V). ACKNOWLEDGE will be removed (9CACK = 45 V) after
READ is removed, when the assembly is no longer busy and is able

to do other transfers. ACKNOWLEDGE will always last at least one
clock time after READ.

WRITE--9CWRITE. Interface to the 9000 Series System, active low.
The write line indicates (9CWRITE = 0 V) that the selected assembly
should receive a data word from the IDE. Data must be valid when
WRITE is activated and remain valid until ACKNOWLEDGE (9CACK = 0 V)
is received from the receiving assembly. ACKNOWLEDGE will remain
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(9CACK = 0 V) until WRITE is removed (9CWRITE = +5 V), and the
receiving assembly is no longer busy. ACKNOWLEDGE will always

last at least one clock time after WRITE is removed.

ACKNOWLEDGE--QCACK;_ 9000 Series System to the interface, active

low. The acknowledge line, 9CACK, is used in conjunction with

READ and WRITE, as described above. ACKNOWLEDGE always means

busy. It will be driven by the portion of the system being selected.
Thus, - ACKNOWLEDGE may remain active for many milliseconds after a
write operation, or when reading, it may not occur for milliseconds.

A 470-ohm pullup resistor for 9CACK is contained on the interface.

CPU CLEAR--9CPUCLR. Interface to the 9000 Series System, active
low. The CPU clear line, 9CPUCLR, is essentially an extension of
the master reset switch on the CPU control panel. It is always
desirable to use this line for master resetting interrupt circuitry
so the programmer may clear any remaining interrupts when starting
a program. This ensures the clearing of a program that did not
complete an interrupt sequence. The CPUCLR line should reset
(9CPUCLR = 0 V) all logic control sections so that no portion of
the system remains busy. Some CPU's do not have a clear switch
that is made available to the interface. In this case, use the
"Master Clear" command and perform the same function under program

control.

SELECT LINES--9CSEL0-9CSEL3. Interface to the 9000 Series System,
active low. 9CSELO enables the 9000 System to use the IDE bus.
The interface contains a '""Command' register, which holds the 3-bit
device selection code. Each section of the 9000 Series System

must gate the READ and WRITE lines, as well as drive the control
for the date lines with this select line. '
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INTERRUPT LINES--9BINTO, 9RINT1, 9MINT4-9MINT6. 9000 Series System
to the interface, active low. The interrupt lines are not enabled by
the select lines and thus are always active. When an interrupt is
generated, the line remains at a 0-VDC level until status or data is
read from the appropriate interrupting section. In the case of the
9000 Series System. (9BINT0), the interrupt will remain set until the
interrupt acknowledge line (9CINTAK) is activated by the interface.
The interface has a status register that is read by the CPU to deter-
mine which sections of the'9000 Series System are causing interrupts.
In most cases, the leading edge of the interrupt line is detected and
an appropriate bit is set in a status register. Upon reading the
interface status register, all bits are reset. During the time that
the CPU reads the status register it will not be changed by the

interface.

VIDEO INTERRUPT ACKNOWLEDGE--9CINTAK. Although this line is not used
in the 9000 Series Systems, it was used in an earlier version (GX100
Series) to reset the video interrupt line 9BINTO. This line is usually
activated (9CINTAK = 0V) when the CPU reads from the interface.

INTERNAL DATA EXCHANGE TIMING

All lines received from other portions of the system will be synchronous
to the system clock. The timing for the various types of transfers will
vary, depending upon which section of the 9000 Series System is selected.
Before beginning any transfers, the interface will always test the acknow-

ledge line to determine the busy condition.

The timing for typical write and read cycles is shown in Figures 4-7
and 4-8. The write cycle may be a few hundred nanoseconds or several
seconds. Transfers to the 9000 Series System usually last from

1.5 pus up to several seconds per data word, depending upon the 8080
software. When writing, the interface can get the next word as soon as
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ACKNOWLEDGE appears but it must not drive the write line until ACKNOW-
LEDGE is released from the last transfer. In general, the inter-

face cannot start a write operation until ACKNOWLEDGE is inactive.

An input data register is usually provided in the interface in order

to prevent holding up the CPU.

The interrupt lines are always active and thus need not be selected.
The interrupt lines all synchronously detect the leading edge

of an interrupt line to the set the interrupt status flip-flop when
enabled by bits in the command register. Typical timing is shown in
Figure 4-9. A typical circuit is shown in Figure 4-10. Note that
the interrupt flip-flop is inhibited from being set while being read
by the CPU. It is reset after being read by the CPU and before

enabling the interrupt leading edge circuit gated clock.

ScINT | P
FCINT | L
nteer [ |

INTERRUPT | R
eatak | | | || ] L 1]

CPU READING
INTERRUPT [ ]
STATUS REGISTER

RESET INTERRUPT i l
STATUS REGISTER

FIGURE 4-9 INTERRUPT TIMING
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5.0 SYNC TIMING BOARD

The Multi-Resolution Sync Timing Board (MRSTC) generates basic timing

waveforms for the following RM-9000 Series Raster Scan Graphic Display

Systems:
MODEL
RM-9100
RM-9200
RM-9300

5.1 FUNCTIONAL DESCRIPTION

5.1.1 WAVEFORM TIMING CATEGORIES

The following paragraphs discuss the five general categories of waveforms

generated by the MRSTC.

Monitor Compatible Signals

The 9000 Series requires raster scan television monitor(s) for display.
The MRSTC generates the synchronizing, blanking and driving waveforms
required by the monitor(s). These signals are provided to the video
boards which assemble the timing waveforms and the refresh memory stored
image into a composite video picture signal. External sync-lock capa-

bility is available with the addition of the VCO option to the system.

TERM-NAME DESCRIPTION
9THSSS Horizontal Synchronization
9TVSSS Vertical Synchronization
9TCSSS Composite Synchronization
9THBBB Horizontal Blanking
9TVBBB Vertical Blanking
9TCBBB Composite Blanking
9THDDD Horizontal Drive
9TVDDD Vertical Drive
5-1
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Refresh Memory Synchronization

The 9000 Series Systems use a classical refresh-memory image-storage
technique. The MRSTC provides memory synchronizing signals to align memory

image storage with monitor synchronizing signals.

TERM NAME DESCRIPTION
9THMMM Horizontal Memory Synchronization
9TVMMM Vertical Memory Synchronization

System Clocks

The MRSTC generates two clocks used by the TTL logic within the system.
The two clocks are in phase, one clock being half the frequency of the
other. The base-clock frequency is within the range of 12-13 MHz. The
half-clock frequency is within 6-6.5 MHz.

TERM NAME DESCRIPTION
PTBQ Base Frequency Clock
NTBQ (ECL Differential)
PTHQ Half Frequency Clock
NTHQ (ECL Differential)

Processor Clocks

The MRSTC generates two phase clocks used by the 8080A-1 microprocessors
within the system. Phase clock specifications can be found in the 8080A-1
data sheet.

TERM NAME DESCRIPTION
PTPQ@NE Processor (8080A-1) Phase One Clock
NTPQ@NE (ECL Differential)
PTPQTWP Processor (8080A-1) Phase Two Clock
NTPQTW@ (ECL bifferential)
5-2
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Power-On Reset and Switch Clear

The MRSTC provides a power-on reset signal used to clear all logic with-
in the system upon powering up. The system can be operator cleared at

any time by momentarily depressing the reset switch located on the front

panel.
TERM NAME DESCRIPTION
9BPWCLR Power-On Clear
9BSWCLR Switch Clear (from reset switch)
5.1.2 MONITOR RESOLUTION CONSIDERATIONS

The term '"Resolution'" needs to be clear. In the sense used within this
manual, resolution means picture information content differing by multi-

ples of two.
Vertical Resolution

High resolution line systems have twice as many Ilines of information as
low resolution systems. There are two vertical resolutions in three

possible configurations as follows:

a. Low Resolution - Repeat field scan

b. Low Resolution -~ 2:;1 interlaced scan. Information content is
identical to a.

c. High Resolution -~ 2:1 interlaced scan. Information content
doubles that of a.

Horizontal Resolution

High resolution element systems have twice as many elements of information
as low resolution systems. There are two horizontal resolutions as follows:

a. Low Resolution - Dual wide pixels.
b, High Resolution - Single wide pixels. Twice as many pixels as
in a.
5-3
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Resolution Keywords

For purposes of brevity, the keyword terms - low resolution, medium

resolution and high resolution - shall mean the following:

a. Low Resolution - Both low vertical resolution and low hori-

zontal resolution.

b. Medium Resolution - Low vertical resolution high horizontal
resolution.
c. High Resolution - Both high vertical resolution and high hori-

zontal resolution.

The 9000 Series resolution configurations are summarized below:

MODEL RESOLUTION KEYWORD
RM-9100 Low Resolution (2x3)
RM-9200 Medium Resolution (2x6)
RM-9300 High Resolution (5x6)

Note that specifying the RM-9000 Series model number automatically

specifies the resolution.

Changing Vertical Resolution

Vertical resolution on the MRSTC is determined by the position of the

interlace enable switch on the board.

For low vertical resolution - repeat field scan, the interlace switch
is OFF.

For high vertical resolution - 2:1 interlaced scan, the interlace enable

switch is ON.

If the 9000 Series chassis is wired for a CPU interlace select option,

the interlace enable switch on the MRSTC must be OFF for proper oper-
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ation. The option is wired if a twisted pair cable is attached to the
MRSTC at the CPU interlace select option connector J2. The option is

not wired and this note does not apply if the cable is not attached.
Changing Horizontal Resolution

Horizontal resolution is fixed by the particular 9000 Series model chassis.

5.1.3 MONITOR FORMAT TIMING CONSIDERATIONS

In the sense used within this manual, FORMAT refers to the total number

of lines within a picture frame and the monitor refresh rate.

"NOTE"

Format does not change with resolution.

Format Names

Each 9000 Series model is available in three timing format options;

broadcast, standard and European as follows:

RESOLUTION FORMAT MRSTC
MODEL KEYWORD KEYWORD DASH NUMBER
RM-9100 2x3 Low BROADCAST -01
STANDARD -02 or -04
EUROPEAN -03
RM-9200 2x6 Med BROADCAST -01
STANDARD -02 or -04
EUROPEAN -03
RM-9300 5x6 High BROADCAST -01
STANDARD -02 or -04
EUROPEAN -03
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Format Information

The format specifies the raster scan timing format used to form the
composite video picture and is described as follows:

a. Broadcast Format

The broadcast format option provides the following raster scan
picture format:

240/480 visible lines
x 320/640 visible elements
within 525 total lines, 60 Hz refresh.

With the broadcast format option, raster scan timing most
closely conforms to United States Monochrom Broadcast Standards
defined in EIA Standard RS-170, Electrical Performance Stan-
dards - Monochrome Television Studio Facilities, Revision TR-
135, November 1957.

b. Standard Format

The standard format option provides the following most fre-

quently used domestic raster scan picture format:

256/512 visible lines
x 320/640 visible elements
within 559 total lines, 60 Hz refresh.

The monitor timing waveforms required to produce this format
do not match any television broadcast standards. However,
timing tolerances stay within industry-wide television monitor
manufacturer tolerances for synchronizing, blanking and

driving signals.
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c. European Format

The European format option provides the following most fre-
quently used raster scan picture format for the export market.

256/512 visible 1lines
X 320/640 visible lines
within 625 total lines, 50 Hz refresh

The European format option primarily allows the graphic display
system monitor to run at a 50 Hz refresh rate. It also pro-

vides a video picture within a 625 total line picture frame.

The monitor timing waveforms most closely conform to European
monochrome broadcast standard defined in the XIIIth Plenary
Assembly of the C.C.I.R., Geneva, Report 624: Characteristics

of Television Systems, 1974.
Format Detailed Descriptions

The raster scan information shown in Table 1-1 details the three format
options in terms of refresh rates, picture lines, picture elements and
crystal frequencies. The MRSTC dash number can be determined from this
chart knowing the format chosen. The table also may be used in the
reverse manner. Knowing the MRSTC dash number, the format type may be

determined.
How the Format Changes the Circuit

a. The system clock crystal frequency (Y2)

-01 12.273 MHz
-02 13.068 MHz
-03 12.188 MHz
-04 10.910 MHz .
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b. The PROM program of location 2B

-01 502510
-02 502511
-03 502509
-04 502511

c. The PROM program of location 2D

-01 502507
-02 502508
-03 502509
-04 502508
To convert the MRSTC from one format to another necessitates changing the

above three components.
5.2 THEORY OF OPERATION

This portion of the manual contains a description of the circuitry used
in the MRSTC. Discussion begins with the block diagram shown in Volume
IT of this manual. Next, each circuit is described in detail using the

block diagram and the schematics, drawing 502334,

Complete schematics are given in the diagrams section along with timing
diagrams and information sheets.

5.2.1 BLOCK DIAGRAM DRAWING 502334 SHEET 1

System clocks are generated from a crystal-controlled square wave oscil-
lator. For external sync-lock capability, the crystal is removed and a
VCO is installed. The oscillator fundamental frequency from either the
crystal or the VCO directly forms the system base frequency clock. A
divide-by-two network is employed to form the system half-frequency clock.

The system clocks are driven off the board at differential ECL levels.

One cycle of the system half-frequency clock represents one low resolution
element. The element counter contains the screen refresh element address.

The element PROMS decode the element counts to form all horizontal monitor
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and memory synchronizing timing waveforms. The element PROMS also decode
when to increment the line counter. The element PROM resets the elements

to zero at the end of horizontal blanking.

The line counter stores the screen refresh line address. The line PROM
decodes the line counts to generate all vertical monitor and memory syn-
chronizing waveforms. The preset PROM determines the line count starting
address going into vertical blanking and the reset address going into

visible lines.

Horizontal and vertical waveforms are combined at the composite sync/

blanking combinatorial logic to form composite timing waveforms.

All horizontal, vertical, composite and memory synchronizing waveforms
are reclocked with the half-frequency clock and are driven off the board

with bus drivers.

Processor clocks are generated from a crystal-controlled square wave oscil-
lator. The oscillator fundamental frequency is divided to form four time
slots by the divide by four counter and the 1-o0f-8 decoder. The time slots
are grouped to form phase one and phase two time relationships by the J-K
pulse shaper and reclock network. The microprocessor phase clocks are
driven off the board at differential ECL levels.

The power-on reset and switch clear circuitry counts 15 field times after
(v 250 ms) during a power up condition and 15 field times after either
reset switch is depressed and released. Power-on reset pulse duration is
minimally 250 ms.

5.2.2 DETAILED CIRCUIT DESCRIPTION

Processor Clock Generation

Crystal Y1 and the three supporting inverters of location 2X form a series

resonant fundamental mode square wave oscillator. Crystal Y1 has a fixed
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$1

2

frequency of 12.273 MHz. The frequency value does not change with the
MRSTC dash number.

The fundamental frequency drives a free running divide by four counter.
The four counter states are decoded by the 1-of-8 decoder. Each decoded
state has a duration of 81.480 nanoseconds. (The reciprocal of 12.273
MHz). One cycle through the four states is a cycle time of 325.92 nano-
seconds (4 x 81.480 nanoseconds). The J-K pulse shaper and reclock
circuit uses the decoded state pulses to set and reset J-K flip-flops
according to 8080A-1 ¢1 and ¢2 timing relationships.

The phase one clock is formed from the first decoded state, while phase
two is composed of the second two states. The guard band between ¢2 and
¢l is the final state as shown below:

81.480 NS
—| STATE le—— STATE
) 1

——— e - ———

—>|¢2 To $1 i‘——-

GUARD BAND

2 I 3 0 1
i
]
]
l
:

F 325.92 NS ’I
CYCLE TIME
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Two inverters skew the clock driving the ¢2 J-K pulse shaper flip-flop
by a minimum of 10 nanoseconds to a maximum of 20 nanoseconds. The
result is that ¢2 is skewed ten to twenty nanoseconds with respect to

¢1 as shown below:

N I'__ 10-20 NS
SKEW

é1 _ |

$2

The phase one and phase two processor clocks are driven off the MRSTC by
the differential ECL current drivers, location 2V. Resistor pack R11,

location 2W forms an ECL line terminator.

Processor clock users receive the processor clocks with differential
ECL receivers. Users then must convert the TTL level clocks obtained to
MOS levels using MOS clock driver circuits.

The rise and fall times of the MOS level phase clocks must be under ten
(10) nanoseconds. Greater rise and fall times will violate 8080A-1 ¢1
to ¢2 overlap specifications.

The purpose of the two inverter clock delay on the MRSTC is thus as follows

follows: 1If the ¢1 to $2 overlap were zero (0) nanoseconds as the clocks
left the MRSTC, no MOS clock-driver circuit could be devised to meet
8080A-1 clock specifications.
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Typical MOS level phase clocks should appear as follows:

8080A~1 K
k-—-—-————-325.92 NS CYCLE TIME ———®)
]
kk.71.4sog4
V1IHC

|
¢t vic /| 91 TO ¢2\ m

i OVERLAP 1 $2 TO ¢1 |
e | >0 NS le—— 152.96 —®{cuARD BAND;

» e 81.480 / {61.480
ViLC / '

¢2

NOTES: 1. ALL TIMES SHOWN IN NANOSECONDS (NS).
2, ALL RISE AND FALL TIMES MUST BE 10 NS OR LESS.

3. MOS CLOCK DRIVER VOLTAGE LEVELS
MIN  MAX
V1HC 9 13
viLe -1 0.8

System Clock Generation

Crystal Y2 and the three supporting inverters of location 2X form a series
resonant fundamental mode square wave oscillator. The frequency value of
crystal Y2 changes with the MRSTC dash number as follows:

DASH CRYSTAL FREQUENCY

-01 12.273 MHz

-02 13.068 MHz

-03 12.188 MHz

-04 10.910 MHZZ
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External Sync Lock Option

For external sync-lock capability, an external VCO is attached to the
MRSTC through connector J2. The VCO functionally replaces crystal Y2,

Crystal Y2 is removed from the circuit upon installation of the VCO.

The fundamental frequency forms the base frequency square wave clock - BQ.
The base frequency is divided by two by the J-K flip-flop of location 1X.
This half frequency square wave is then combined with the base clock to

form a 25% duty cycle half frequency clock - HQ.

9BQ - BASE CLOCK

9HQ - HALF CLOCK

3

CLOCKING EDGES ALIGN AS
CLOSELY AS POSSIBLE (<<1 NS)

The base frequency and half frequency system clocks are driven off the
MRSTC by the differential ECL current drivers of location 2V. Resistor

pack R11 of location 2W forms an ECL line terminator.

System clock users receive the system clocks with differential ECL
receivers. A Schottky NAND gate delay is added to the clocks by the

receiving board to allow gated clocks.

The MRSTC '"'receives' its own generated system clocks by an ECL receiver
and two NAND gates. Treating the clocks in this manner insures that all
logic on the MRSTC is running synchronously with all logic within the
chassis. All timing signals generated by the MRSTC and used elsewhere
within the system are aligned with the clock and are treated as data (not
clock) signals.
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Sync Timing Generator

The element counter consists of two binary counters at location 1A and
1B and a J-K flip-flop at location 2E. The element counter contains the
screen refresh element address. One low resolution element is one cycle

of the system half frequency clock - 7HQ.

Element counts are decoded by the element PROMS of locations 1C, 1D and
»1E. The element PROM programs do not change with the MRSTC dash number.
The element counts form the address to the PROMS. All horizontal timing
pulses (blanking, sync, drive, memory sync equalizing) originate at the
PROM outputs. Three signals originating from the element PROMS are
reclocked before use and are '"backed up'" in the PROM decoding to compen-
sate. The three element PROM outputs that are one clock-time ahead are
S5TLCIV, 5TLCIB and STHEQUAL.

All other element PROM outputs are correct in time. The element PROMS
also decode the element counter reset *TECREST and the line counter in-
crements TLCIV and TLCIB.

The element counter is reset to zero at the trailing edge of horizontal
blanking. The line counter half-line count TLCHALF is incremented at

the leading edge of horizontal blanking and again exactly one half line
time away during the visible part of a line. The actual least significant
bit of the line counts (TLC1l) changes only once per line at the leading

edge of horizontal blanking.

The line counter consists of a J-K flip-flop at location 2E and three
binary counters at locations 2A, 2C and 2G. The line counter contains
the screen refresh line address. Each complete cycle of the half-line

count TLCHALF represents one video line.

The two most significant bits of the line counts form vertical blanking
TVBLANK and the field flag TVFIELD. The field flag changes states once
per field and indicates field A or field B.
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The field flag changes state only in interlaced systems. The interlace
enable switch of location 1H is ON in interlaced systems. In repeat
field systems, the interlace enable switch is OFF and the field flag is

inactive low.

The line counts are decoded by the line PROM of location 2D. The line
counts form the line PROM address. Vertical timing pulses (sync, drive
and memory sync) originate at the line PROM outputs. Note that the line
PROM contains field and half-line information. This is significant in
interlaced systems. Field A and Field B timing differ by one half-line.

The line PROM outputs align with the leading edge of horizontal blanking.
(Remember: The line counts are increments at the leading edge of hori-
zontal blanking.) Vertical sync 6TVSYNC and the vertical equalizing
interval 6TVEQUAL are reclocked with the leading edge of horizontal sync
by the D-Type flip-flops of location 2J.

The preset PROM determines the starting address of the line counter at
the leading edge of vertical blanking and the starting address at the
trailing edge of vertical blanking (i.e. the first visible line). The
counter presets to a new starting address each time the line counter
carries. The starting address depends upon the state of blanking and the
field flag.

Composite sync and blanking is generated at the composite sync/blanking
combinatorial logic of the sheet 4 of the schematics. (Drawing 502334)
Horizontal and vertical timing is combined to form the composite wave

forms.
The selector of location 1L brings together composite sync. Composite
sync is composed of horizontal sync, vertical sync with vertical serrations

and vertical equalizing pulses.

Composite blanking is simply an "OR'" function of horizontal and vertical

blanking.
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All sync timing signals are reclocked by the D-flip-flops of locations
of 1IN and 2N and are driven off the MRSTC by the line driver buffers of

locations 1P and 2P.

"CLOCK TO Q" delay for all sync timing signals is 39 nanoseconds maximum.
Power-On Reset and Switch Clear

Power-on reset duration is controlled by the binary counter of location
1Y. Upon application of power, the counter resets, counts 15 vertical
field times and stops. One field time is 16.7 milliseconds. Signal
TVMMM is a single 7HQ wide pulse occurring once per field as shown

below:

k—————16.7 MS .‘
TVMMM U U

—0’ Ie-— 153 NS
(7HQ WIDE)

Power-on reset duration is at least 250 ms (15 fields x 16.7 msec/field).

Either reset switch loads the counter with zeros (i.e. resets it) and

activates the clear line. Clear remains active 250 ms after switch release.
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6.0 CONTROL BOARD
6.1 INTRODUCTION

Section 3.0, Theory of Operation, describes the manner in which the con-
trol board is interconnected to all other portions of the 9000 Series
System, The control board provides the basis for all memory and register
address assignments in the 9000 Series System. Table 6-1 represents a
list of the registers and memory addresses for the entire 9000 Series
System, (Note that memory mapped I/0 is utilized.) All addresses below
hex address 8000 are utilized for memory and all addresses including
8000 and above are utilized for I/0O address. Table 6-2 summarizes the
address assignments for all the registers which may be thought of as I/0
yevices to the 8080A-1 microprocessor. (note in Table 6-2 that the 1/0
addresses 8000 to 8026 and 80A6 are utilized internal to the control
board.) 1I/0 addresses 8036 through 805A are utilized for the two serial
link boards which may be contained in a 9000 Series System. Addresses

8060 through 806E are utilized for up to four video boards.

Note that in Table 6-2 some of the registers on the control board have
two separate addresses. For example, the foreground register addresses
are 8012 and 8092. The difference between these two addresses is that

in address 8012 bit 7 is a '"0" and in address 8092 bit 7 is a "1'". When
an address for a register on the control board is used that has bit 7 as
a "1, it is a signal to the display generator that a refresh memory
operation should be performed after the register is loaded. Refresh
memory operations consist of writing refresh memory and current operating
point (COP) manipulation, reading memory and COP manipulation or only COP
manipulation. Note also in Table 6-2 that not all the registers on the
control board have addresses in the range 8080 to 80A6. Those registers
that are not present should never be used with an address in this range.
In one case in particular, the DMA word count register will cause a sys-

tem hang condition to result,

Still referring to Table 6-2, in all cases except two, the register ad-
dresses shown for each register are the even byte addresses in memory.
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All registers are 16 bit

each register really has

example, subchannel mask
8081. 1In all cases, the
even-odd (low/high) byte

COP update control register and the host data register.

registers, therefore the implication is that

2 byte addresses associated with it.

As an

register byte addresses are 8000, 8001 or 8080,

double byte addresses for each register are

pairs.

The two exceptions noted above are the

For the COP up-

date control register, only the address of the high byte is shown, as

that is all that really need by used.
addresses of both the low byte and the high byte are shown.

TABLE 6-1

9000 SERIES ADDRESS DOMAIN

ppoe
p8pe
4999
6PPP
6209
6409
7CoP
8pp9

@7FF
3FFF
SFFF
61FF
63FF
7CpP
7FFF
FFFF

ROM(STD)

ROM (ME)

RAM (ME)
RAM(STD)
CHARACTER ROM
ROM(DIAG.)
RAM(DIAG.)
1/0 ADDRESSES

For the host data register, the
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TABLE 6-2

I/0 ADDRESS ASSIGNMENT

SCMSKR ;8000 - - SUBCHANNEL MASK REGISTER
RUPTRG ;8002 - INTERFACE INTERRUPT REGISTER
READR ;8004 - READBACK ELEMENT REGISTER
XORGR ;8006 - ELEMENT ORIGIN ADDRESS REGISTER
YORGR ;8008 - LINE ORIGIN ADDRESS REGISTER
NPRSRC s 800A - DMA SOURCE REGISTER
NPRDST ;800C - DMA DESTINATION REGISTER
UPDTR 5 800F - COP CONTROL REGISTER
BGR ;8010 - BACKGROUND ELEMENT REGISTER
FGR ;8012 - FOREGROUND ELEMENT REGISTER
XCOPR ;8014 - ELEMENT COP ADDRESS REGISTER
YCOPR ;8016 - LINE COP ADDRESS REGISTER
RASREG ;8018 - FONT DATA REGISTER
HDIL ;801A - HOST DATA REGISTER (LO-BYTE)
HDIH ;801B - HOST DATA REGISTER (HI-BYTE)
SYSS ;801C - SYSTEM STATUS REGISTER
WRDCNT ;801E - DMA WORD COUNT REGISTER
DMAADR ;8020 - DMA ADDRESS REGISTER
MOVWTR ;8022 - MOVE COP AND WRITE REGISTER
MOVR ;8024 - MOVE (W. NO WRITE) REGISTER
OPTFLG ;8026 - OPTIONS FLAG DIP SWITCH REGISTER

;8028

; 802A

;802C

;s 802E

;8030

58032

;8034
DCKYB1 ;8036 - DIAGNOSTIC CARD KEYBOARD BYTE 1
DCKYB2 ;8037 - DIAGNOSTIC CARD KEYBOARD BYTE 2
DCKYB3 ;8038 - DIAGNOSTIC CARD KEYBOARD BYTE 3
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TABLE 6-2 (Cont'd)

DCADR ;803A - DIAGNOSTIC CARD ADDRESS REGISTER
SPS1R ;803C - SERIAL STATUS REGISTER (BOARD 1)
SPS2R ;803E - SERIAL STATUS REGISTER (BOARD 2)
SPK11 ;8040 - KEYBOARD I/0 REG #1 (BOARD 1)
SPK12 ;8042 - KEYBOARD I/0 REG #2 (BOARD 1)
SPK13 ;8044 - KEYBOARD I/0O REG #3 (BOARD 1)
SPK14 ;8046 - KEYBOARD I/0 REG #4 (BOARD 1)
SPCX11 ;8048 - CURSOR #1 ELEMENT REG (BOARD 1)
SPCY11 ; 804A - CURSOR #1 LINE REG (BOARD 1)
SPCX12 ;804C - CURSOR #2 ELEMENT REG (BOARD 1)
SPCY12 ; 804E - CURSOR #2 LINE REG (BOARD 1)
SPK21 ;8050 - KEYBOARD I/0 REG #1 (BOARD 2)
SPK22 ;8052 - KEYBOARD I/O REG #2 (BOARD 2)
SPK23 ;8054 - KEYBOARD I/0 REG #3 (BOARD 2)
SPK24 ;8056 - KEYBOARD I/0 REG #4 (BOARD 2)
SPCX21 ;8058 - CURSOR #1 ELEMENT REG (BOARD 2)
SPCY21 ; 805A - CURSOR #1 LINE REG (BOARD 2)
SPCX22 ;805C - CURSOR #2 ELEMENT REG (BOARD 2)
SPCY22 ; 805E - CURSOR #2 LINE REG (BOARD 2)
VLTAD1 ;8060 - TYPE 2 VLT #1 ADDRESS REGISTER
VLTD1 ;8062 - TYPE 2 VLT #1 DATA REGISTER
VLTAD2 18064 - TYPE 2 VLT #2 ADDRESS REGISTER
VLTD2 ;8066 - TYPE 2 VLT #2 DATA REGISTER
VLTAD3 ;8068 - TYPE 2 VLT #3 ADDRESS REGISTER
VLTD3 ; 806A - TYPE 2 VLT #3 DATA REGISTER
VLTAD4 3 806C - TYPE 2 VLT #4 ADDRESS REGISTER
VLTD4 ; 806E - TYPE 2 VLT #4 DATA REGISTER
SCMSKR ;8080 - SUBCHANNEL MASK REGISTER
READR ;8084 - READBACK ELEMENT REGISTER
UPDTR ;808F - COP CONTROL REGISTER
BGR ;8090 - BACKGROUND ELEMENT REGISTER
FGR ;8092 - FOREGROUND ELEMENT REGISTER
XCOPR ;8094 - ELEMENT COP ADDRESS REGISTER
YCOPR ;8096 - LINE COP ADDRESS REGISTER
MOVWTR ; 80A2 - MOVE COP AND WRITE REGISTER
MOVR ;80A4 - MOVE (W. NO WRITE) REGISTER
6-4

PIV-000126



6.2 DISPLAY GENERATOR AND OTHER 8080 I/O REGISTERS

The following registers comprise all those registers which are contained
on the 9000 Series System control board. Each of these registers is a
separate 1/0 device address to the 8080A-1 microprocessor. Most registers
are treated as 16 bit registers consisting of a most significant byte
(Bits 8-15) and least significant byte (Bits 0-7). In the following
descriptions of the registers, all undefined bit positions are treated

as "don't care'" bits. Table 6-2 shows the I1/0 Address assignment for

each of these registers.

6.2.1 SUBCHANNEL MASK REGISTER (ADDRESSES = 8000, 8001 or 8080, 8081)

MP11|MP10 | MPS §{ MP8 | MP7 | MP6 | MP5 | MP4 | MP3 { MP2 | MP1 | MPO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

In order to load the subchannel mask register, both low byte and the high
byte of this register must be loaded, in that sequence and consecutively.
If an attempt is made to only load the low byte of this register it will
not be transferred to the register. It is also possible to cause a re-
fresh memory right and update operation to occur when this register is
loaded by using the addresses 8080, 8081. In this case, the data that
currently resides in the foreground register will be written into refresh
memory under the control of the memory plane select bits that were just
loaded.

MPO through MP11 (Bit O - Bit 11) represent RAM refresh memory planes 0
through 11. When set to a.'"1" state, the corresponding memory plane is
enabled and will receive and store its corresponding data from the fore-
ground or background register whenever a '"write-element' function is
generated. When set to a '"0" state, the corresponding memory plane is
disabled and will ignore all 'write-element" functions. All memory

planes are enabled upon powering the system up. The definition of enabled
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memory planes is retained indefinitely after the memory planes register

is reloaded.

6.2.2 INTERFACE INTERRUPT REGISTER (ADDRESSES = 8002, 8003)

I3 12 11 10

To load the interface interrupt register, the 8080 must load both bytes
of the register. An attempt to load only the lowlbyte of the register
will fail, as the data is only transferred to the register when the high
byte is loaded. Therefore, this register must be treated as a 16 bit
register. Bits 0-3 represent interrupts I10-I3 which are interrupt lines
to the standard interface board. Upon loading this register with one or
any combination of the interrupts, an interrupt is generated to the stan-
dard interface board. 8080 software may set any bit within the interrupt
register and then reset the bit within a maximum of 10 microseconds.

8080 software may also choose to set an interrupt line and not reset it
until such time as the host CPU reads the data value which generated the

interrupt.

6.2.3 READBACK ELEMENT REGISTER (ADDRESSES.= 8004, 8005 or 8084, 8085)

R11 | R10 RO | R8 | R7| R6 | R5 | R4 | R3 | R2Z | R1 RO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

When the 8080A-1 microprocessor addresses the readback pixel register,
the memory control logic causes an element value represented by the COP
address to be fetched from RAM refresh memory and loaded into the read-
back element register. After the 8080A-1 Microprocessor reads the value
from the readback element register the COP is then modified by one step

in any of the eight directions specified by the +X, -X, +Y, -Y update
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control bits of the COP/write control register, providing that the hold
control bit (H) is a '"0", if it is a '"1" no update is performed. RO-R11
represent RAM refresh memory planes 0-11 in a manner identical to the
subchannel mask register. All bits are read back regardless of the mem-
ory plane select register. This register is also used to pass image data

under DMA readback. The value read back for unused planes is indeterminent.

In order for the 8080A-1 microprocessor to actually read back an element
value from the RAM refresh memory, byte addresses 8084 and 8085 must be
used. If the byte addresses 8004 and 8005 are used, the 8080 will only
be able to read the data that currently resides in the readback elements
register and no COP update will be performed. The reason for this is
that the display generator circuitry was not flagged by address bit 7 to

actually perform a RAM refresh memory operation.

6.2.4 ELEMENT ORIGIN ADDRESS REGISTER (ADDRESSES = 8006, 8007)

X RASTER ORIGIN

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

In order to load the element origin address register, both bytes (8006,
8007) must be transferred to the register. Bits 0-9 represent an X
(element) address within the RAM refresh memory, which represents the
raster origin. The X raster origin value is not transferred to the ele-
ment origin address register until the high byte of the register is
actually loaded. This register, under hardware control, may only be
loaded once every twelve raster scan line times. The X raster origin
value in this register specifies the first element to be written starting

at the left hand side of the screen on every raster scan line.
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6.2.5 LINE ORIGIN ADDRESS REGISTER (ADDRESSES = 8008, 8009)

Y RASTER ORIGIN

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

To load the line origin address register, both bytes (8008, 8009) must
be transferred. Bits 0-8 represent a Y (line) origin address within the
refresh RAM memory which will be utilized to select the first line to be
presented as the top line of the television raster scan field.

Thus, the values in the element origin address registers and the line
origin address register specify the first element to be written into the
upper left hand corner of the television raster, and the television ras-
ter is always generated relative to this specified origin.

6.2.6 DMA SOURCE REGISTER (ADDRESSES = 800A, 800B)

NOT
VLT3|VLT2|VLT1 {VLT@ |USED | RAM | IF | DG

To load the DMA source register, both bytes (800A, 800B) must be trans-
ferred. This register is a 16 bit register that contains all of DMA
source flags for all devices that are capable of executing DMA operations.
The device whose source flag is set will be the data source in a DMA op-
eration. All defined bits in this register should be treated as mutually
exclusive, that is, no 2 bits should ever be set to a '"1" simultaneously
(see FONT DATA Register). The definition of the DMA control bits are
listed below:

DG = DISPLAY GENERATOR
IF = INTERFACE
RAM = MEMORY EXPANSION BOARD RANDOM ACCESS MEMORY
VLT@ - VLT3 = VIDEO LOOKUP TABLES @# THROUGH 3 RESPECTIVELY
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6.2.7 DMA DESTINATION REGISTER (ADDRESSES = 800C, 800D)

NOT
VLT3 |[VLT2 |VLT1 |VLTO |USED | RAM | IF DG

To load the DMA destination register, both bytes (800C, 800D) must be
transferred. This register is a 16 bit register that contains all of
the DMA destination flags for all devices that are capable of executing
DMA operations. The device whose destination flag is set will be the
destination in a DMA operation. All defined bits in this register should

be treated as mutually exclusive.

6.2.8 COP CONTROL REGISTER (ADDRESSES = 800E, 800F OR 808E, 808F)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

To load the COP control register, it is only necessary to transfer the
high byte (800F or 808F) because the low byte contains ''don't care'" in-
formation. If the byte address 800F is used to load the COP control
register, the state of the bits in this register are loaded and nothing
else occurs. If the byte address 808F is used to load the COP control
register, after the register is loaded a memory write operation will be
performed.and a COP update will occur based upon the information that
was loaded in this register. In any case, the state of the bits in this
register once loaded remain constant until loaded again. The COP CONTROL
REGISTER specifies the mode to be used in writing memory and it estab-
lishes the RAM refresh memory COP update equation to be used for post

memory operation (read or write) COP updates.
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ADDITIVE WRITE BIT (A)

This bit is effective only when the font data register is in use.

A=0
All data, "0'" or "1'" in the font data register will cause a write

to the refresh memory.

A=1
Suppression of '"0" data in the font data register will occur; that

‘is, only "1's" will cause a write to memory.
REVERSE BACKGROUND BIT (B)

This bit is effective in all modes of writing refresh memory, and under

DMA writes to refresh memory (image data) it must be set to B = '"0Q",

B=20
Graphic write operations.

Causes selection of the data in the foreground element register.

B =1
Graphic write operations.

Causes selection of the data in the background element register.
Font write operations.
Causes '"0" font data to select the foreground element register and
"1" font data to select the background pixel register.

HOLD BIT (H)

This bit is effective only when reading refresh memory for graphics oper-

ations. It may be used to accomplish a read-modify-write operation on

refresh memory. This bit has no meaning (ignored) under DMA readback.
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H=20
The COP will be updated as specified after the execution of an ele-
ment readback.

H=1
The COP will not be updated after execution of an element readback.

The +X, -X, +Y, -Y control bits specify the direction of movement for the
COP addresses which is modified while writing or reading element data.
Eight combinations of the 4 bits denote eight possible directions of move-
ment for the COP. These scan direction bits specify the direction of
movement to be utilized when writing image data into the foreground ele-
ment register from the 8080 microprocessor or the interface board. They

also specify scan direction when reading the readback element register.

6.2.9 BACKGROUND ELEMENT REGISTER (ADDRESSES = 8010, 8011 or 8090, 8091)

B11 {B10 | B9 | B8 |B7 | B6 |B5 | B4 | B3 | B2 | Bl | BO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

The background element register, bits B0-Bll, represent RAM refresh mem-
ory planes 0-11 in a manner identical to the subchannel mask register.
Hence, the 12 bit value contained in this register represents a background
color or grey scale. level of intensity as the "0'' state for two dimension-

al graphics raster or font data.

6.2.10 FOREGROUND ELEMENT REGISTER (ADDRESSES = 8012, 8013 or 8092, 8093)

Fil {F10 {F9 |F8 {(F7 {(F6 { F5 | F4 {F3 |[F2 | Fl1 |Fo0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

The foreground element register bit FO0-Fll represent RAM refresh memory

planes 0-11 in a manner identical to the subchannel mask register. Hence,
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the 12 bit value contained in this register may represent a foreground
color or grey scale level of intensity as the "1" data for two dimension-

al graphics raster or font data.

Note, that by the appropriate selection of the addresses for either the
background element register or the foreground element register, the data
values that were loaded into these registers may be immediately written

to the RAM refresh memory.

6.2.11  ELEMENT CURRENT OPERATING POINT ADDRESS REGISTER (ADDRESSES =
8014, 8015 OR 8094, 8095)

X9 X8 X7 X6 X5 X4 X3 X2 X1 X0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

The element COP address register bits X0-X9 represent the X (element)
address which is the XCOP.. The XCOP is a portion of the total address

to RAM refresh memory. It specifies the horizontal displacement (in terms
of visible elements on the monitor display) from the left edge of the

raster, relative to the X origin, determined by the following equations:

Dx = (XORG + 10 + XCOP) MOD320 (low X resolution systems)
Dx = (XORG + 20 + XCOP) MOD640 (high X resolution systems)
where,

D_ = displacement from the left edge of the raster

XORG
Xcop

the value in the X origin register

the value in the XCOP register
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6.2.12 LINE CURRENT OPERATING POINT ADDRESS REGISTER (ADDRESSES =
8016, 8017 or 8096, 8097)

Y8 Y7 Yo Y5 Y4 Y3 Y2 Y1 YO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

The Line COP address register bits Y0-Y8 represent the Y (line address
that is the YCOP. The YCOP is a portion of the total address for RAM
refresh memory. It specifies the vertical displacement (in terms of vis-
ible lines) from the top edge of the raster relative to the Y origin,

determined by the following equations:

o
]

(YORG + 1 + YCOP) MOD 256 (low Y resolution systems)

y
Dy = (YORG + 2 + YCOP) MOD 512 (high Y resolution systems)
where,
Dy = displacement from the top edge of the raster
YORG = the value in the Y origin register
YCOP = the value

It may be seen from the above equations that to write an element at Dx =0
and Dy = 0 on the raster, four registers must be loaded to the correct

values. For the above, in a 256 x 320 system,

the four registers must contain the following values:

XCOP = 0 (04¢)
XORG = 310  (136,)
YCOP = 0 (04¢)
YORG = 255  (FF,)
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Combining the element COP address and the line COP address, any element
on the raster is addressable to the granularity of a single element for
which the size is a function of the horizontal and vertical resolution
of the system. It is also possible with these registers by the appro-
priate selection of their byte addresses to cause the RAM refresh memory
to be written with the data value residing in the foreground register at
the RAM refresh memory address they specify.

P

6.2.13 FONT DATA REGISTER (ADDRESSES = 8018, 8019)

FN7 | FN6 | FN5 | FN4 | FN3 { FN2 | FN1 | FNO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

This register contains 8 bits of data which may be loaded and then may
be used to control which of two element data values, that of the fore-
ground element or background element registers, will be written to refresh
memory, as influenced by the A and B bits of the control register. To use

this register, the following steps must be executed.

1. Load the font data register with the desired data pattern.

2. Set both the source and destination flags of the display
generat or.

3. Set the control, XCOP and YCOP registers to the desired
states to specify writing mode, COP update equation, and
starting point.

4, Load the word count register with the desired number of

write operations to be performed.

Steps 1, 2 and 3 may be performed in any order but 4 must be last as exe-

cution begins as soon as the word count is loaded.

The font data register is implemented in the hardware such that it is
only necessary to load the low byte even though it is defined as a 16 bit

register.
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Using the font data register is a quasi-DMA operation as the DMA circuitry
is used in execution.

There are two normal modes in which the font data register is used.

1. Writing alpha-numeric font data.
The alpha-numeric font is loaded into the register and output
serially, line by line. A series of 9, 7 element writes are

executed to refresh memory to write an alpa-numeric character.

2. Writing raster data on the screen.
The data pattern is loaded into the font data register and 'then
output to the refresh memory. The register end-around-shifts
its data, as data is written to RAM refresh memory, such that
the pattern may be repeated a number of times depending upon
the word count that is used.

6.2.14 HOST DATA REGISTER (ADDRESSES = 801A, 801B)

DE15| DE14| DE13|DE12|DE11|DE10 | DE9 | DE8 | DE7 | DE6 | DES | DE4 | DE3 | DE2 | DE1 | DEO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

The host data register bit DEO-DE15 represent a 16 bit data word to be
received from or transferred to the host interface board. When the 8080A-1
outputs the most significant byte to the host data register, it is auto-
matically transferred to the interface board and hence the host CPU. When
the 8080A-1 Microprocessor inputs the most significant byte from this reg-
ister, handshaking operations are completed between the 8080 and the
interface board. There is no actual hardware implemented on the control
board for this register. Rather, it is implemented with a technique of
driving '"not ready" to the 8080 such that it will hold the data on the bus

while the hand shaking occurs.
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6.2.15 SYSTEM STATUS REGISTER (ADDRESSES = 801C, 801D)

P2 P1 W

The system status register bit Orepresents the write handshake line from
the host CPU interface board. This line is ANDed with the acknowledge
handshake line before becoming a bit in the status register. Therefore,
the 8080A-1 Microprocessor may simply test this bit for the '"1" state and
if it is a "1", then a data word transfer between the interface and the
8080A-1 should occur. Bits 2 and 3 of the system status register repre-
sent a flag which indicates that an event such as a joystick TRACK event,
a joystick ENTER event, or a UART I/0 operation has taken place on

serial peripherals board #1 or #2 respectively. Bits 2 and 3 are cleared

upon the act of reading the interface status register.

Typically, while the 8080 software is not executing user instructions or
handling data transfers with a serial 1link board it will be executing a
short loop that does nothing other than test the state of this register.
When the interface write is detected, the word will be read and based
upon this word the software can determine if this user instruction is a
multi-word instruction. If it is found to be multi-word instruction, the
additional transfers reads or writes that must be completed to execute
the instruction will be handled within the 8080 software without returning
to the idle loop. Since all user instructions to the 9000 System must
begin by writing a word to the system from the host CPU and are handled
in the manner described above, there is no need to test the state of the
interface read line as the 8080 software will know which line should be
active next as a result of the word it just read and will proceed without

testing the status register.

Since the bits of interest in this status register are all in the low byte,

only the low byte need be read.
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6.2.16 DMA WORD COUNT REGISTER (ADDRESSES = 801E, 801