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SECTION 1. INTRODUCTION

This equipment converts the polar-coordinate outputs of a weather
radar and signal processor to cartesian-coordinate form, contours the video,
then stores the resulting data in any of four independent image-oriented
memories, each of which refreshes one raster-scan color television

monitor.

The most significant advantage of this system over conventional mono-
chrome radar~image-storage devices lies in the ability of the operator to
unambiguously recognize sixteen color-coded levels. Stored images of
PPI, RHI or THI (Time-Height) radar scans can be retained indefinitely,
updated, or erased independently of each other. Front-panel controls
determine distance and time scaling, origin location, range, altitude, and
time marker spacing and range cell width. Contour threshold colors--

0 (black) through 15 (red)-- and levels (0 through 99) having been set up on
an array of thumbwheel switches can be entered into any or all of the

displays in the form of a legend or color key.

Memory requirements have been limited to about 328, 000 bits per
display by performing operations such as coordinate conversion, scaling,
translation, introduction of markers, and video contouring prior to storage
of the image. Each of the memories contains a 248 x 255 array with a
four-bit code to represent the color and/or intensity of individual points.
In addition, the contour threshold colore and levels as well as parameters
such as antenna angle, marker spacing, and time are presented within a

248 x 70 ancillary data area along the right edge of each picture.

The image data in any of the four memories of the Master Scan=
Converter Refresh Memory can, upon manual initiation, be accessed,
combined with appropriate synchronization codes, and serially transmitted
to a Remote Refresh Memory via a 2400 bit/second telephone line. Con-
ventional CRT alphanumeric display terminals, located with both the

1-1




master and remote systems, communicate with each other over the same

line.

The Display Data Interface permits manual or automatic transfer of
image data between the refresh memories and an external minicomputer.
A trackball-positioned cursor enhances operator interaction with both the

scan converter and the computer.

Time-division multiplexing of the memory buss among the four
display channels in the Master Scan-Converter Refresh Memory permits
different operations to be accomplished simultaneously in different channels.
For example, it is possible to coordinate-convert, contour, and store
radar video in one channel, while transmitting image data from another
channel to the Remote unit and interacting with the computer in a third
channel.

1-2
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SECTION 2. GENERAL DESCRIPTION

The block diagram presented in Figure 2-1 should be referred to

while reading the following description of the system.

2.1 Master Scan Converter and Refresh Memory

2.1.1 Scan Conversion Processor

Front panel controls related to scan-converter operation are located
on the Scan Conversion Processor and are connected to various cards within
it as shown. The Scan Conversion Processor accepts synchro or binary
inputs for ar®enna azimuth and elevation angles as well as video and timing
signals from a radar signal processor. The input information is converted
in real time from its polar form to a rectangular form suitable for entry into
the image-oriented memories. The processor also generates all multiplexed
memory addresses, timing, and control signals needed by the memory-

interface units, plus alphanumeric data and color patches.

Located within the processor is a SDF (Serial Data Formatter) which,
upon manual initiation through the Data Transmission Control Panel,
generates memory addresses sequentially and accepts the corresponding
data from any memory.* Interleaved with appropriate synchronization codes,
the resultant serial data output drives an external MODEM. The SDF
operates in bit synchronism with a clock from the MODEM; at a 2400 kHz

clock rate, the transmission of one image takes about 2. 7 minutes,

Capability for two different self-test modes has been built into the SDF.

The SDF also accomplishes multiplexing of data to and from a CRT
alphanumeric display terminal. Whenever a display image is not being
transmitted by the SDF, the MODEM input is made available to the
terminal’s keyboard, The MODEM data output is dedicated to the CRT
alphanumeric display, thus allowing the remote operator to communicate to

the data originator even during display image transmission.

*Within a given channel, video storage has priority éver transmission.
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Within the Scan Conversion Processor is a Display Data Interface (DDI)
which permits communication between the Scan Converter and a Universal
Logic Interface {ULI) of an Interdata 7/32 minicomputer. The minicomputer
treats the Scan Converter as a peripheral and can perform data transfers to
and from its refresh memories® A cursor can be switched on in any display,
its position adjusted, and the four-bit color code in the refresh memory at
that position transmitted to the computer by operator interaction through the

Display Interface Control panel.

2.1.2 Memory Interface Units

Each MIU (Memory Interface Unit) performs parallel-to-serial and
digital-to-analog conversions on its memory output to generate red, green
and blue video signals for the corresponding display. These units also
execute code conversion and contouring on the incoming video as a function
of color patches and contour levels stored in the associated memory.
Intermediate storage and logic in each MIU enables it to alter data in its

memory as commanded by the Scan Conversion Processor.
2.1.3 Memories

The image storage media are conventional AMPEX magnetic core
memory systems having 8192 40-bit words for each display. They have
split cycle times of 750 nanoseconds and self-contained power supplies
which also power each associated MIU. Data sheets are included in

Appendix A,

2.1.4 Displays
The displays are 19-inch CONRAC delta-gun color units of the type

used as monitors in television studios. Each unit has red, green and blue
video inputs driven by its MIU. All of the displays are synchronized by
the same H and V drive pulses from the Scan Conversion Processor. Data

sheets for the monitors have been included in Appendix A.
2.1.5 MODEM

The 2400 bit-per-second synchronous MODEM provides bi-directional

data communication with the Remote Refresh Memory over an unconditioned

—

*
In each channel, video storage and transmission have priority over most
DDI operations.

2-3




four-wire Type 3002 private line. A 2400 Hz clock from the MODEM drives
both the SDF and the CRT terminal. A data sheet for the General Data
Comm Industries, Inc. GDC 201-9 MODEM, along with a table describing
the jumper positions and control settings necessary for direct four-wire

connection to the remote unit, are included in Appendix A,

2.1.6 CRT Alphanumeric Display Terminal

The Infoton VISTAR/GT terminal has a CRT Alphanumeric Display with
refresh memory to store up to 24 lines of 80 characters each received
either from its own keyboard or from that of the remote unit. The terminal
operates in half-duplex mode on an external clock supplied by the MODEM.
A data sheet is included in Appendix A,

2,2 Remote Refresh Memory

2.2.1 Remote Refresh Memory Receiver

On the front panel of this drawer are mounted all controls needed for
normal operation of the RRM (Remote Refresh Memory). The only circuit
card within the receiver drawer is the DRU (Display Receiver Unit) which
is the heart of the RRM. The DRU detects synchronization codes within the
incoming data signal and generates all memory addresses, timing, and
control signals needed by the MIU (Memory Interface Unit). It also generates
a simulated data signal for test purposes and interfaces the CRT Alpha-
numeric Display Terminal with the MODEM.

2,2,.2 Memory Interface Unit

The MIU used in the RRM is of the same basic design as that described
in section 2. 1,2, except that the code-conversion and contouring functions

are excluded and the memory-address-buss timing differs.

2.2.3 Memory
See 2,1.3

2.2.4 Display
See 2.1.4
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2.2.5 MODEM
See 2.1.5

2.2.6 CRT Alphanumeric Display Terminal

See 2.1.6
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SECTION 3. OPERATION

3.1 Master Scan Converter and Refresh Memory

3.1.1 Display Adjustment

Each monitor should have its CH A/CH B switch in the CH A position
for normal viewing. The INT SYNC/EXT SYNC switch was disabled in the
process of modifying the monitors to operate with separate H and V external

sync. signals.

The BRIGHTNESS control should be used to set the black background
level (observe the area around the alphanumerics) to a point near the
threshold of visibility., The CONTRAST control can then be used to obtain
the desired intensity., The illuminated number at the bottom of each monitor

is red when information is being stored in its memory.

3.1.2 Contour Threshold Entry

The contour threshold switches are arranged in the same pattern on the
front panel of the Scan Conversion Processor (see Figure 3-1) as on the
actual displays. Any of the 15 color-selectors can be set to any color
between O (black) and 15 (red). * The 14 level-switches should be set up
in ascending magnitude order from bottom to top. An area of the display
will take on a color of a given patch if the corresponding signal processor
output is equal to or greater than the level below the patch and less than the
level above the patch. Should these levels be set to the same number, the

color in the patch between them will never appear. ¢

*
Color 15, however, is reserved for range and altitude markers and has
the property of not allowing itself to be written over. Patterns appearing
in this color can only be removed by erasure.
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Having set up the contour threshold switches, the operator need only
depress the STORE THRESHOLDS button for each display in which this set
of contour thresholds is desired. The previous set of thresholds in that
memory is then replaced by the new set without affecting the other display
information which had been entered using the previous set of thresholds.
(This situation, where the thresholds do not match the displayed information,
can be avoided by pushing the appropriate ERASE VIDEO button before
entering new contour thresholds.) All subsequent incoming video will be

contoured according to the new set of thresholds.

3.1.3 Mode and Range Cell Width Selection

These controls must be set to correspond with the radar scan sequence
and the range cell width of the radar signal processor. Any of the display
formats selected by the MODE switch can be set up in any display or
combination of displays by depressing the desired STORE VIDEO switches,
which are active when lit, When a STORE VIDEO switch is on, the number
below the corresponding display is illuminated in red. STORE VIDEO
operations have priority over image transmission or computer interface

which requires memory addressing within each display channel,

3.1.3.1 ITHI

MODE switch position A selects the THI (Time-Height Indicator)
display format where time is presented along the X-axis and height appears
along Y. The letters 'TH' appear in the first line of characters in the
parameter area at the lower right of the screen. The display emulates a
strip chart recorder's operation, with new data appearing at the right
while all other data are shifted left. New data appear always in block 24,
the right most block and the one adjacent to the ancillary data area (see
Figure 4-8), Its ten points are filled one-by-one until, when they have all
been filled, all blocks are shifted left by one entire block and the process
of filling block 24 begins again with subsequent data., When all 25 blocks
have been filled, the next new data point causes the left most block to be
shifted off the end and lost. The display thus contains between 241 and 250

contiguous time cells representing the most recently received data, with
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time increasing to the right. Meanwhile, the vertical axis represents
altitude just as in the RHI mode.

All counters required for generating the time base and time markers
are reset when the MODE switch is not at A and run when it is at A, In THI,
the STORE VIDEO switches determine which channels are to receive time-
height data; those channels not switched on remain unchanged. Should a
selected display not be erased before THI data are stored in it, the old data
will gradually be shifted left and lost.

3.1,3.2 PPI

The PPI (Plan Position Indicator) mode yields a plan-view display,
with the Y -axis running North-South and the X-axis running East-West,
The antenna elevation angle appears in the parameter area after EL to the

nearest 0.1 degree,
3.1.3.3 RHI

In the RHI (Range-Height Indicator) mode, the display will present
ground range along the X-axis and height along Y. The antenna azimuth

angle is shown after AZ, in the parameter area to the nearest degree.
3.1.3.4 CAPPI

The CAPPI (Constant Altitude PPI) mode, permits use of any
combination of displays with the CAPPI ALTITUDE switch settings appearing

after AL in the parameter area at the lower right of each involved display.
In this format, each display represents a PPI at the altitude selected.

3.1.3.5 CROSSHATCH

Mode switch position B is provided as a test position in which a
crosshatch is developed for monitor alignment purposes. ‘The crosshatch
appears in the color corresponding to full-scale video (the top patch), while
the background appears in the color corresponding to zero video (the bottom
patch).

3-4
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3.1.4 Scaling and Location of the Origin

In PPI, RHI or CAPPI modes, the ORIGIN LOCATION switches provide
a means of locating the point corresponding to the radar antenna at any
position within the display area. The units employed correspond to dispiay
elements at (X,Y); (0,0) is in the upper left corner, ‘while (249, 247) is in the
lower right. The center, normally used for PPI formats, is (127, 124).

ALTITUDE (RHI and THI only) and RANGE SCALING switches can be

used to vary the scaling as listed in Table 3-1.

Table 3-1.
Full Scale Range and Altitude vs Scale Switch Positions (RHI Mode)

SWITCH POSITIONS b} 2 4 8
ALTITUDE 128 KM 64 KM 32KM 16 KM
RANGE 256 KM 128 KM 64 KM 32 KM

Except for aspects associated with the X-axis, operation in THI is
the same as in RHI. The X-AXIS ORIGIN LOCATION switch does not affect
the origin location, but its least significant digit is used to select time scaling
for the THI mode. If this digit is set to any even number, the normal scaling
is selected; otherwise the scaling is 15 times faster, Finer changes in
time-axis scaling are obtained by use of the RANGE SCALING switch., The

effects of these switches on the time axis are summarized in Table 3-2,
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Table 3-2,
Time-Axis Scaling and Markers (THI Mode)

# Cells Between Markers (# Markers)~

RANGE SCALING Switch: 1 2 4 8
Seconds/cell: Normal:* 30 15 7.5 3.75
Fast: %% 2 1 s 5 +&5
Minutes/250 Cells: Normal: * 125 62.5 . 31,25 15.625
Fasgt: %% 8' 20" 4' 10" 2! 5" 62, 5"
RANGE Normal* Fagt**
MARKERS Minutes/ Sec./ /
Switch Marker Marker
32 32 128 64 (3) 128 (1) 256 (0) 512 (0)
16 16 64 32 (7) 64 (3) 128 (1) 256 (0)
8 32 16 (15) 32 (7) 64 (3) 128 (1)
4 4 16 8(31) 16 (15) 32(7) 64 (3)

*X-AXIS ORIGIN LOCATION switch set to any EVEN number.
**X -AXIS ORIGIN LOCATION switch set to any ODD number.

3.1,5 Marker Spacing Selection

MARKER switches are provided to select ALTITUDE, RANGE, or
time marker spacing. In PPI or CAPPI modes, the selected range marker
spacing is indicated in kilometers after RM = in the parameter area at the
lower right of the display, When the RHI mode is employed, the selected
marker spacings are indicated in the display in the following format:

M (altitude marker spacing); (range marker spacing) in kilometers.

In the THI mode, the top line of the parameter display area will be
THO@M in the normal-scaling case or THO®S in the fast case. The last
letter of this line indicates whether the time marker spacing appearing below
it has units of minutes (normal scaling) or seconds (fast scaling). The
selected marker spacings are indicated in the second line of the parameter




area in the following format: M (altitude marker spacing in kilometers);
(range marker spacing in minutes or seconds). In the case where 128

seconds/marker has been selected, the semicolon is replaced by a "1",
3.1.6 Time Code

The lower right corner of each display contains time information in
the following format: T (Day of the year); (hour of the day); (minute). The
time readout of a particular display is updated only while video information

is being stored in the memory of that display.

3.1.7 Multiple Data Source

There are four video inputs to the scan conversion processor. Timing
signals for coordinate conversion are derived from radar and range triggers
associated with the input connected to J1. When MULTIPLE DATA SOURCE
has been selected, the video signals at inputs J1, J14, J13 and J12 are
made available for storage on displays 1, 2, 3 and 4, respectively. In the
absence of MULTIPLE DATA SOURCE selection, the video input on J1 is

made available for storage on all displays.

3.1.8 Image Data Transmission

The DATA TRANSMISSION CONTROL panel is pictured in Figure 2-1.
When the MODE switch is in its OFF position, the other two controls are
disabled. With the MODE switch in the TRANSMIT position and the TEST
CLOCK switch OFF, depressing the START button initiates the transmission
of data from the display memory selected by the DISPLAY switch. The
START button will light immediately and will remain illuminated until the
transmission has been completed. The transmission time duration, in
seconds, is given by 386/f, where f is the clock frequency in kHz, The light
will not come on if: 1) the MODE switch is at OFF, 2) the STORE VIDEO
switch for the source display is ON, or 3) no clock is present at the
Modem Clock Input.
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3.1.9 Data Transmission Test Modes

Test mode operation is similar to transmit mode operation, except
that the serial output is disabled and the time duration iz doubled. In TEST A,
the image in the source display memory is copied into another memory as
follows: 1to2;2to3;3to4;4tol, InTEST B, a similar process takes
place except that the timing and addresses are scrambled between the source
display and the other display so that a pattern corresponding to the line sync.
code prefix and line number code appears instead of the image from the
source display, If, after running TEST A, both displays are identical, then
serial data are correct at a point just before the actual line driver in the SDF,
If, after running TEST B, the characteristic pattern (compare with a photo)
is observed, then the sync. code prefix and line number code are correct at
the line driver input. The test modes can be run much more rapidly
without the modem clock by substituting instead the TEST CLOCK

selected on the control panel.

3.1.10 Display Interface Control

Interaction between an external minicomputer and the display refresh
memories is under partial control of the DISPLAY INTERFACE CONTROL
panel illustrated in Figure 2-1, Except for the ERASE DISPLAY buttons,
all of the switches on the control panel also serve as indicators controlled by
their state and/or the DDI (Display Data Interface) within the scan converter.
The DISPLAY MEMORY ACCESS controls, when lit, indicate that write
and/or read data transfers are enabled in the hardware. If an SDF test
mode has been selected, or if either a data transmission or store video is

in progress in the display channel last selected by the computer, then these

indicators will not be lit. However, DDI operations not requiring memory
address access are still possible.

The scan converter ERASE VIDEO buttons used in normal operatioﬁ_db
not erase the entire screen; the contour threshold legend area is left unchanged.
In addition, a mask obscures from view certain areas within the ancillary
data portion of the screen, These areas contain coded information available
to the computer and needed by the contouring hardware. The ERASE
DISPLAY buttons on the DISPLAY INTERFACE CONTROL panel not only erase
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the entire display, but also inhibit the mask so that the entire screen is
available to display information from the computer. The mask and the
legend are restored when the operator actuates the corresponding STORE

THRESHOLDS button on the scan conversion processor.

The cursor can be made to appear in any display by depressing the
appropriate CURSOR ON/OFF switch; the on state is indicated by illumi-
nation of the switch. The cursor, a blinking single point on the display, can
be located anywhere on the screen by means of the CURSOR POSITION
trackball. If any SEND DATA indicator is lit, no cursor will respond to the
trackball. The cursor changes color as a function of its surroundings so as
to remain visible. During normal scan converter operation, the mask will
obscure the cursor. If the cursor cannct be found, the following property
may be useful: along the Top and Left edges of the display, the cursor will
stop even if the trackball is rotated too far. (At the bottom edge, the cursor
disappears. When moved beyond the right edge, it reappears at the left
where it finally stops about an inch from that edge; however, if the SEND
DATA button were pressed with the cursor in such a position, the address

would be wrong. )

The color/intensity code covered by the cursor, as well as its coor-
dinates, can be entered into the computer by pushing the appropriate SEND
DATA button. The corresponding cursor must be switched ON for this
action to be recognized. The SEND DATA switch will light when depressed,
if the DDI control logic is in the proper state, and will extinguish about
one-half second after the resulting interrupt has been serviced by the appro-~
priately-programmed computer. Pressing the INI button on the analyzer
console should always turn off any SEND DATA indicators which are lit for
whatever reason. Details on programming the computer which treats the
DDI as a peripheral are included in section 4.7.

3.1.11 Interlaced Scan Mode

If, in future applications, there is a requirement to drive a device
requiring a standard 525-line interlaced scan, the INTERLACE switch must
be turned on. Otherwise, the non-interlaced mode which is better for
jitter-free close viewing can be used.
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3.1,12 Data Save

While turning the POWER switch off, depress the DATA SAVE button
next to it. This action will prevent spurious data from entering the memories
at turn-off and can be used to save images for indefinite periods of time,

since the memories are non-volatile,

3.1.13 Alphanumeric Data Transfer

When image data are not being transmitted by the SDF, the CRT
alphanumeric display terminal can communicate with its counterpart in the
RRM in the normal half-duplex mode. While the SDF is transmitting, alpha-
numeric data from the RRM will be received by the MASTER unit but

transfer in the other direction is not possible,

3.2 Remote Refresh Memory

3.2.1 Reception of Images

When the operator of the Master SCRM initiates a transmission, the
data describing an image are transmitted serially via the MODEMS and data
line (see Figure 2-1) to the Remote Refresh Memory display unit. The
control panel for the remote unit is shown in Figure 2-1. The "on'" state of
the RECEIVE switch is indicated by its illumination. The incoming image
data are stored in the memory only if the RECEIVE switch is on. Thus,
should an image need to be saved, the RECEIVE switch should be turned off
to preclude the possibility of its being written-over by new data. An

ERASE button is provided to clear the entire display image.
3.2.2 Test Mode

When the TEST switch is on, the receiver ignores the normal inputs
and instead accepts data and clock signals from an internal test pattern
generator., This test, if the correct pattern is observed, verifies proper
operation of almost all RRM circuitry--only a multiplexer and the line
receivers are not tested. Unlike the one-shot transmission of data from
the Master SCRM, the test pattern generator runs continuously. The test
pattern is alao useful for converging the monitors and adjusting colors.
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3.2.3 Interlaced Scan Mode

See 3.1.11
3,.2.4 Data Save
See 3.1.12

3.2.5 Alphanumeric Data Transfer

See 3.1.13
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SECTION 4. DETAILED CIRCUIT DESCRIPTION - MASTER SCRM

The descriptions appearing in these sections generally refer to diagrams
included among the text. In some cases; however, it might be helpful to
refer to the actual schematics. A complete listing of drawings applicable to
the third scan converter can be found in AJJ-49 of Appendix C.

4.1 Angle Interface Unit

The Angle Interface Unit, located in the upper-rear position of the
coordinate converter drawer, accepts synchro azimuth and elevation data in
standard Rl’ RZ'

following outputs:

and Sl' SZ’ S3 format and converts these data to the

Scaled BCD azimuth angle, 1I° resolution for parameter
area of display

Scaled BCD elevation angle, 0. 1° resolution
Sine/cosine azimuth 13 bits
Sine/cosine elevation 13 bits (for coordinate conversion)

Elevation greater than 12.65° flag } (for CAPPI)

Azimuth and elevation synchro inputs are converted to 14-bit binary
numbers (MSB = 180°) in Data Device Corporation synchro-to-digital
converters model ESDC-6%, (These converters are inhibited during sampling
by the S/D inhibit command input.) The 14-bit binary outputs are fed both
to rear panel connector J3 through line drivers and to multiplexers A2l
through A24 and A7 through A10*%, These multiplexers select binary-angle
data from either a rear panel connector J4 or from the synchro-to-digital

converters. They have been provided, should the need arise to drive the

"See Appendix A,

*
*Actually only 12 bits of Azimuth and Elevation are included in J3 and J4 at
the rear panel; the two additional elevation bits, both input and output, are
connected to J2 ~ See 897392,




system from a digitally generated angle source, If J4 is not connected, the

multiplexer select line is pulled up so that the converter outputs are selected.

Binary-angle data are next converted to sine and cosine in an Interface
Engineering sine/cosine controller model 109 and angle-to-sine converter
model 108*%, The controller adapts the angle-to-sine converter to full four-
quadrant sine and cosine operation. A logic zero on the controller input
terminal 23 selects sine. The sine/cosine converter channel is multiplexed
once each PRF interval between azimuth and elevation inputs through
multiplexers Al6 through A18,

An Interface Engineering binary angle to scaled BCD converter,
model 107%, provides the drive for the antenna angle readout in the parameter
area of the display. This converter is switched between azimuth and
elevation by multiplexers All through Al4, controlled by the front panel
mode switch. Azimuth is displayed in the RHI mode; while elevation is
displayed in PPI and CAPPI modes.

Multiplexers A3, A4 and A5 line shift the scaled BCD four lines down
°
when displaying elevation to provide the increase in resolution from 1 to
91"
The magnitude comparators, A20 and A25, generate a logic one when
the antenna elevation angle exceeds 12,65°, This output is used by the

coordinate converter in the CAPPI mode to initiate the 2° elevation step.

4.2 Coordinate Converter

The Coordinate Converter derives the cartesian memory address from
the radar parameters of elevation angle, azimuth angle, radar trigger and
the range gate clock. The azimuth angle and elevation angle are sampled
once every radar period to form the basis of the coordinate transformation,

The block diagram of the Coordinate Converter unit is shown in Figure 4-1,

'See Appendix A,
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4.2,1 Angle Parameters

In the angle interfa.ce unit, there are two synchro-to-digital converters;
one dedicated to the azimuth angle, 6, and the other dedicated to the elevation
angle, #, The outputs of each S/D converter are multiplexed into a sin/cos
converter such that by control of the multiplexer and function switch of the
sin/cos converter, the following functions can be obtained and stored ina D

type register:

sin @
cos @
sin 6

cos §

4.2.2 Fixed Constant Multipliers

In the RHI display, the altitude is R sin @, and the projection of the range
is R cos ® where R is the range expressed in kilometers. Card number 1 has
two 12 x 12 fixed constant multipliers which multiply the single function input
by a fixed constant such that the output is expressed in kilometers with the
binary point 12 bits from the LSB. For a 2 ysec unit range cell, the conversion
factor (radar distance) built into the multipliers is .2998046. All subsequent
calculations following the fixed constant multipliers are done directly in kilo-
meters which is a very useful simplification especially in determining the
range markers,

The fixed constant multipliers are each composed of adders arranged in
an array such that the input is multiplied by a constant. Groups of 4-bit
adders are pyramided to form a subset of 4-bit numbers with all the carry-outs
fed into the carry-inputs of the next higher order 4-bit array. The schematic
diagram shows the array in detail and aleso in block diagram format. The line
shifter following each multiplier array is controlled by the front panel switch
that selects the range gate. The line shifter, in effect, multiplies the output
by 1/4, 1/2 or 1 corresponding to the range gate widths of 1/2 usec, 1 usec
or 2 usec. A secondary line shifter operates on the unit range vector Ro cos @
and is used for scaling in the PPI mode.




4.2.3 PPI Mode - True 12 x 12 Multipliers

In the PPI mode, the projected range, R_ cos 8, is broken up into its
X (East-West) and Y (North-South) coordinates. The azimuth angle § is measured
from the North-South line such that

X

R_cos ® cos 8
() o

and

Y

R cos? sin 6
(o] (o]

Since R  cos ® had already been established in one of the fixed constant
multipliers, two other multipliers are used to establish Xo and Yo, the unit

component vectors for the PPI display.

The 12 x 12 true multipliers consists of an array of partial product
terms added in a pyramid structure very similar to the fixed constant multi-
plier. The partial product terms and summation pyramid are detailed in the
schematic drawing of the 12 x 12 multipliers.

Card Z of the coordinate converter thus develops the unit altitude R
sin 6, the unit range Ro cos ¢, and the component vectors of the unit range

Ro cos ® cos 6 and Ro cos @ sin O all evaluated in kilometers.

4.2.4 Address Accumulators - Card 2 and Card 3

The unit coordinates have been derived for the first range cell. Coor-
dinates for other range cells can be easily obtained by taking advantage of the
fact that the range cell number increases lineu'ly in a radar. Thua. the

coordmatea for range cell ) + 1 are the coordinates for range cell j added to

the value of the respective coordinates of range cell 1. This accumulator
type structure is shown in the block diagram and is repeated 6 times in the
coordinate converter. The unit vectors are loaded into each accumulator at
the beginning of each radar period and at the same time the old data is cleared
out. The accumulatcr is clocked by the range gate clock of the integrator to
form the cartesian coordinate addresses.

—— - - D e RIS S




For the RHI mode of operation, the Y address corresponds to the scaled
altitude and the X address is the scaled range. For the PPI or CAPPI mode of
operation, the Y address corresponds to the North-South component of the
range vector and the X address corresponds to the East-West component of
the range vector. The mode switch controls the multiplexer to select the
appropriate coordinates as shown in the block diagram. After the multiplexer,
constants controlled by thumbwheel switches can be added independently to
the X and Y coordinates to affect translation in both directions. A hard limiter

circuit is used to prevent overflow and erroneous addresses.

4.2.5 Range and Altitude Markers

The outputs of both the range and altitude accumulators are in kilometers
(see para. 4.2.2) i.e,, the 13th bit is 1 KM, the 14th is 2 KM, etc. Detection
of the clock cycle at which time the bit corresponding to a preselected range
changes state is used as the marker pulse. The circuitry consists of comparing
the selected bit with the same bit celayed one clock period in an exclusive or
circuit to form the marker pulse. The marker pulse goes through the
synchronizer to produce the range mark enable (RME) signal. Range
markers are disabled in THI so that elevation angles other than 90°

can be used without spurious marker problems.

4.2.6 CAPPI Mode

In the CAPPI mode, the antenna sweeps 3600, or a segment thereof, at a
single elevation angle and upon reaching its starting or terminal position (for
less than 360° sweep) the elevation angle is incremented and the process is
repeated. A typical CAPPI will use the following elevation angles, 0, 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 16, 18 and 20°. This volume scan permits
the operator to crudely establish a map of a prescribed altitude or many alti-
tudes, since, in general, each radar beam will pass through all possible alti-
tudes. By carefully selecting and storing the incoming data, it is possible to
develop a constant altitude PP] mip at any given altitude. Because the elevation
angle of the antenna is incremented in small steps, a map at precisely the
desired elevation would provide very few sample points; it is the established
procedure to sample the elevation at or near the desired elevation.

4-6
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Figure 4-2 shows a constant altitude intersecting three different angle
vectors or rays. The solid lines represent the CAPPI elevation angles and
the dotted lines represent elevation angles between the CAPPI rays. For eleva-
tion angle ¢j, information is recorded when the altitude reached by the alti-
tude vector associated with the ray at ¢ j + 1/2 is equal to the preselected alti-
tude, similarly the data recording is stopped when the altitude reached by the
altitude vector associated with the ray at® j - 1/2 equals the preselected alti-
tude. From the diagram, it can be seen that there are no gaps in obtaining
all the altitude information for a preselected altitude as the beam increments

discretely in elevation angle.

In the coordinate converter, the altitude is developed in the altitude
accumulator from the unit altitude vector Ro sin@. A unit high altitude vector
Ro sin (¢ + 1/2) and a unit low altitude vector Ro sin (¢ - 1/2) are also developed
and introduced into their respective accumulators to form the high and low

altitude addresses respectively, AH and AL.
For emall angles, the approximations

sin (¢ + )=~ sing + 8in 1°
and

sin (¢-f) ~ sin g - sin 1

were used.

The selection criteria for a preselected altitude Aj is the following:
AL < AJ. < AH ; store data in jth memory

For each altitude, two comparators are used and are shown in the diagram

of card 2.

4.2.7 Coordinate Converter/Integrator Interface

The Coordinate Converter is slaved to the integrator by using the radar
trigger and range gate clock from the integrator. Synchronization between the
Coordinate Converter and the integrator is the major reason for slaving
the coordinate converter to the integrator. However, synchronization is not
sufficient in order to format data rates greater than 0.6 MHz, the fastest data
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rate the memories can accept. For instance, it would be impossible to accept
1 usec range gates directly from the integrator, but it is possible to receive
alternate 1 usec range gates from the integrator during one radar period and
the previously non-selected 1 ysec range gates during the second radar period.
This is possible because the integrator has holding loops already built into its
output circuitry and, simply by selecting the starting range gate in a

sequence, it is possible to store all of them.

A simple block diagram and timing waveform is shown in Figures 4-3
and 4-4. The radar trigger passes through a modulo 2 and modulo 4 counter. The
output of the counter controls a multiplexer, the inputs of which are gate pulses
that start on either the first, second, third or fourth pulses. These gate pulses
are used to gate the range gate clock that ultimately drives the accumulators.
The coordinate addresses are strobed by means of a 2 usec clock into the
synchronizer. The 2 ysec clock is also derived from the gated range gate

clock and a modulo n counter where n depends on the range gate width.

4.2.8 Synchronizer

The Coordinate Converter and the memory unit run on independent clock-
ing signals and the synchronizer is the means for interfacing these two asynch-
ronous systems. The memory can accept data at a rate not to exceed 0.6 MHz,
and the synchronizer will work at any input data rate provided the maximum 0.6

MHz rate is not exceeded.

The synchronizer input data consist of 8 bits each of X, Y and video
information, RME, and 4-bits of memory select information(the store commands).
Since these 29 bits come in parallel, operation of the synchronizer can be
understood by considering a single bit. Figure 4-5 is a simplified block
diagram of the synchronizer and tﬁm—ihg waveforms showing the operation
of the system. Incoming data are stored in one of two D-type registers such
that each DATA BIT is stored for 2 clocking cycles. The purpose of the
synchronizer is to insure that the data are '"good', i.e., there is no chance of
a data edge or change during the time that the memory clock strobes out the
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data. It can be shown that at least one of the data inputs to the multiplexer
will not change during the strobe time (pos. edge) of the memory clock. By

strobing (Co ) into a D-EDGE register using the negative edge of the memory

clock will provide an output signal Qj that can control the multiplexer to select
the signal that is guaranteed to be ''good'' by the time that the positive edge
of the memory clock comes along. Notice that there can be an ambiguity in
Qj itself, i.e., asaume (Sz_o) is changing at the time the negative edge of the

memory clock arrives. This ambiguity, however, does not produce an ambi-
guity at the time the positive edge of the memory clock arrives, for regardless
of which register was selected by the multiplexer, the data in either register

cannot change for 2 usec (the Co clock period) and the data will be strobed

out in . 8 ysec, hence, the data will be good.

If on the other hand, we look at the situation in which the data are changing
in one of the storage registers at the time of a positive going edge of the memory
clock, we find that the multiplexer always selects the other register. Data can
be clocked out twice as shown in the example (data #2 and #6), but will cause
no problems in the system since it implies that the same data will be reentered
at the same memory location, causing no change. The synchronizer is on
card 3. Additional bits of the synchronizer, located on the VDU card to be
described, operate on the three additional video inputs enabled by the
MULTIPLE DATA SOURCE switch,

4.2.9 Angle Interface Timing

On card 1 is the angle interface timing which operates the control lines
of the multiplexer and the control line of the sin/cos converter as well as pro-
viding an inhibit line for the S/D converters. At the start of each radar period,
a gated delay line oscillator is turned on and drives a counter. The counter
is decoded to derive the approximate control line code to obtain the desired
function of either sin 6, cos 6, sin ¢ or cos@®@. When this function is available,
it is strobed into the appropriate D-register shown in the block diagram.

4-13

—————— . A — 5 —— o A — e ———

e i ey ot




This is done only once every radar period. The input to the coordinate
accumulators are those unit vectors that have been determined on the

previous radar period.

4.2.10 Earth Curvature Correction

A correction term is added to the altitude address to correct for earth
curvature. This correction term is a positive function that depends on the
flat earth range. A ROM (see Appendix B) is used to obtain the correction
factor from the range. A derivation of the correction term is shown in

Figure 4-6.

e e

4.3 Display Control Unit

The DCU card contains circuitry which generates all internal timing
signals required by the other SCRM cards, the color displays and the
memories. The memory control signals which command the core memory
modules to perform various functions are developed on the DCU. The
ancillary data for all four display channels, including color patches and
alphanumeric characters, are generated by the DCU,

4.3.1 Timing and Control Logic

Figure 4-7 presents the DCU block diagram, where it can be seen that
all timing waveforms are obtained by frequency division of the 11. 958041 MHz
crystal controlled clock. Discussion of the outputs of the clock generator,

except for R, is postponed until the section on the MIU where these signals are
used.

The square-wave R, with a period of 1. 6725 microseconds, is illustrated
along the X axis of Figure 4-8, which shows the display format along with
waveforms. Along the X-axis, the display is organized into ten-point blocks
designated DXBO through DXB31; each period of R corresponds to one block.
Since each point requires four-bits for color/intensity coding, 40 bits are
needed to specify each block. A memory with 40-bit words has been chosen
so that one word in the memory represents each block, 32 words at consecutive
addresses describe a line, and 8192 words contain the entire image.
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Figure 4-6. Earth Curvature Correction Term
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In order to refresh the display, each memory is sequentially read
while the CRT beam scans out a raster; this read cycle is always done while
R is high, after the memory address multiplexer on the MAG routes EDXB
and EDY from the synchronous scan counters to the memory address and
point-select busses which drive all MIU's in parallel. During the remaining
half cycle of R, if a store command is received from the coordinate converter
or if an MWE sgignal is issued by the DDI or SDF, data are written into the
memory at an address computed by the MAG.

The logic array generates waveforms, shown in Figure 4-8, which are
functions of DXB or DY, the scan counter outputs EDXB,EDY delayed by
one-half period of R. Waveforms which need to be functions of both DXB
and DY are derived from them; for example: PA = PA(X) * PA(Y). The logic
array is implemented with two 32 x 8 PROM (Programmable Read Only
Memories) and a collection of decoders and gates. A truth table for these
PROMs, Cl16 and D20, is tabulated in Appendix B, while the addressing

and output waveforms are illustrated in Figure 4-8.

Interlaced scanning, possibly useful to fill interline gaps for photo-
graphic purpcses or to interface with systems employing the standard
525-line interlaced TV scan, can be enabled by a switch on the power
control panel. The waveforms which result are shown in Figure 4-8,

Timing of the H-drive pulse is adjustable over a range of +3 microseconds
by means of the potentiometer in F28. This adjustment can be used to center

the image in the raster of the display.

The memory function control logic generates SIC, SOC and RMW
signals (to be discussed in the MIU section) which initiate various types of
cycles in the memory. The AD GATE enables entry of ancillary data
(contour thresholds, color patches and parameters) into the MIU., The
memory function control logic also contains a four-state counter which
advances once per field. The outputs of this counter, AS, select one of
the CAPPI ALTITUDES from the front panel switches for cntry into the
parameter area of the corresponding display.
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The erase logic generates properly times ZID signals which cause all
zeroes (black) to be written into the memory at all addresses in response to
an ED signal from the DISPLAY INTERFACE CONTROL panel, or at all but
the legend-area addresses in response to an ER signal. For use in the THI
display format, the erase logic is also designed to permit the following
operation when BERD is low. For those channels with their STORE VIDEO
switches on, during block 24 time only, the data accessed for refresh are
erased. By holding BERD low for at least one complete raster scan, what

appears as block 24 on the display can be erased.

The decimal point required in the elevation angle is located in point
two, whereas all other ancillary data fall into points five through nine;
hence, the decimal point requires a separate signal developed by the DPE
generator. The RLS signals, needed by the DDI, are simply the outputs
of the STORE THRESHOLDS buttons clocked by DY 8 (one per field).

4.3.2 Ancillary Data Formatter

In order to minimize wiring complexity of the array of contour threshold
switches, encoding diodes are mounted on the switches themselves as indicated
in Figure 4-7, One switch at a time is selected by CPIl through CP15 (CPA
decoded, see Figure 4-8) as the display raster is scanned. The color switch
outputs are applied to the AD BUSS (a 20-bit buss through which ancillary
data can enter points five through nine of any block in memory) when the CRT
scan is located in the color patch areas. Similarly stored above each number

in the legend area is a patch containing a BCD code for that number. The

contour generator to be described in the MIU section and the computer inter-
acting through the DDI make use of these codes which are not visible on the
display because a MASK waveform is applied to the MIU. The numbers
themselves are generated in a row-select five-by-seven alphanumeric
character generator ROM (see Appendix B) which outputs five bits in
parallel to a character color encoder. This encoder generates a jumper-
programmable four-bit code, now set up as green (0111) or black (0000) for
each of the five points.
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The ancillary data (angle, altitude, marker spacing and time) are
entered into the character generator at the proper time by an array of multi-
plexers. The mode lines, from the front panel mode switch via the angle
interface unit, drive a mode decoder which controls the multiplexers and
applies the proper alphanumeric identifiers; AZ, EL, AL, TH, S, M, RM
or T which are hard wired. Origin location and range/altitude scaling
information is stored only in two unique color patches (see Appendix C,

AJJ-21, Figure 3) and not as alphanumerics.

Signals appearing on the AD BUSS or on DPE are not displayed directly,
even though they are synchronous with the raster scan format. Rather, the
data are stored in the memory when appropriate store commands are issued.

Only the memory contents themselves are displayed.

4.4 Memory Address Generator

The principal function of the MAG card is to time-multiplex the
13-bit MA (Memory Address) and 4-bit XP (Point Select) busses, which
are daisy-chained through the four MIUs (see Figure 2-1). This multi~
plexing provides the equivalent of independent memoryv busses for each of
the display channels, thereby permitting simultaneous operations in different
channels. For example, it is possible to contour and store video data in
one channel while writing from the computer (through the DDI) in another
and transmitting (by means of the SDF) from yet another channel. The MAG
also provides time-base generation and address processing required in the
THI mode.

4.4,1 Time-Multiplexed Memory Address Buss

The MAG block diagram in Figure 4-9 contains priority logic implemented
with a PROM (see Appendix B for U28 on MAG) which establishes the
following intra-channel priority:

1. Coordinate converter (store video)
2. SDF (image transmission)

3. DDI (computer interaction which requires memory address buss)
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The outputs AASK and 'I'ASK (where 1= K < 4 denotes the display channel),
when multiplexed by the high-speed clocks A and B from the DCU, select the
appropriate source for application to the IX, IY inputs of the MAG during each
time slot (see the timing diagram in Figure 4-10). Although each time slot
is only 167 nsec wide, use of twisted-pair transmission lines and Schottky
logic in critical paths ensures adequate margins. The select lines AASM
and TASM drive multiplexers on the DDI and SDF, respectively, to connect

the MAG input register inputs IX, IY to each possible address source as

follows:
1. AASM = 0, TASM = 0: SX,SY (coordinate converter)
2. AASM = 0, TASM = 1: TX,TY (SDF)
3., AASM = 1, TASM = X: XA, YA (DDI)

The 8-bit X output of the MAG input register is converted in a
Schottky CODE CONVERSION PROM (MAG D8, D9 in Appendix B) to the
5-bit block-select code IXB and the 4-bit point-select code IXP. As is
described in the MIU section, IXB is concatenated with IYB to form the
13-bit memory address, while IXP gelects which of the ten points in the
addressed block will be changed.

In THI, the hard-wired number 24 takes the place of the PROM IXB
outputs, while BXP from the time base generator (to be described later)
appears on IXP. IXP is clocked into another register which, through a
buss driver, becomes the actual XP buss. Meanwhile, IXB and IYB are
selected by a multiplexer during R--this may seem backwards since these
addresses are needed during R, but a look at Figure 4-10 will explain that
the addresses are being processed in advance of the time when they are
needed. The outputs of this multiplexer associated with the block code are
““rotated'" by RN in a 1024 x 5 ROM programmed to perform the [
operation described in a later section. Finally, the addresses are clocked
into another register which also complements each bit at the input of the
inverting buss drivers. These drivers also implement the data save function
by allowing MA to be held to all one's by the DATA SAVE switch on the
power control panel during power turn-off. During R, the EDXB, EDY signals
from the DCU are selected to drive the MA buss through the same rotation
ROM, register, and line drivers,
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4.4.2 Time Base Generator

The time base for the THI mode is developed by division of the lowest
frequency scan counter bit, having average frequency dependent on which
raster scan mode has been selected. Division of L by 225 yields a clock FCK
with a period of 3.75375 seconds for the interlaced mode and 3.74660 seconds
for the non-interlaced mode. For the scaling specified in Table 3-2, a basic
clock with a 3.75 second period is needed; use of L divided by 225 results in
an error of about i10'3, but this error only corresponds to about 1/4 of a
cell out of the 250 cells across the display and should therefore be tolerable.
In the fast mode, selected by XUl (the X origin location LSB), the division
ratio is reduced to 15 so that all scaling is changed by a factor of 15 as
indicated in Table 3-2., In this case, the period of FCK is 0.25 seconds.

The Time Base Generator, appearing as a block in Figure 4-9, is
essentially a collection of synchronous counters. The first counter develops
FCK and is a binary counter which goes to state 31 (or 241 in the Fast mode)
after having reached 255, The second binary counter has modulo 512;
various combinations of its three least significant outputs are selected by a
multiplexer to obtain BCK, the basic time clock, shown in Figure 4~11] for a
RANGE SCALING switch position of 4. When the scan converter MODE

switch is not in THI (position A), all of the counters are held in their starting
states,

In the marker logic, more significant outputs of the modulo 512 counter
are decoded and selected as a function of the RANGE MARKERS switch
position to generate the time marker enable signal TME, shown in Figure 4-11
for a range marker switch setting of 4 (4 minutes between markers in the
normal modej. Note that although the TME pulse does not occupy an entire
time cell, it always occurs at the end of the cell so that all colors written
in that cell are ultimately written over by the marker color. TME goes to
the VDU and is distributed to the MIU's via the RME (Range Mark Enable)
lines.,
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The counters within the Time Base Generator which establish the X
address for writing data in the refresh memory area are arranged to count
in the special 9-bit point/block code BXP, BRN (Figure 4-11). The 4-bit
code BXP selects one of ten points in the block to be written, while the 5-bit
code BRN, a number between 0 and 24, represents the number of blocks by 43
which the THI display currently being developed has been shifted left (see
3.1.3.1). For each display channel with its STORE VIDEO switch on, BRN
is stored in the 5 x 4 register file (see Figure 4-9) as the rotation number
RNK for that channel (Rotation will be discussed further in the next section).
The complemented address is used so that read and write do not occur
simultaneously at the same register file address, When the system is not in
the THI mode, BRN is forced to zero in the time base generator. In THI,
the write X-address changes only once every time cell. Even in the fastest
time scaling possible, this address does not change for 0.25 seconds, thus
permitting data to be stored again and again in each vertical display column
for many radar periods. The Y axis in THI is addressed by the coordinate
converter just as in the RHI mode. The set of data present at the very end
of each time cell is that which remains when the write X-address is incre-

mented to the next time cell.

Before beginning to fill in points within a block just shifted into display
block 24, it is necessary to erase that block. This is accomplished by
initiating a block erase, in which only block 24 is erased, immediately after
each block shift. The BERD signal, one field in duration, effects this erasure
as described at the end of section 4.3.1. Again, because of the long duration
of each time cell, this block erase occupies a maximum of 1/15 of the first
time cell in each block and appears to be instantaneous, just as the normal
erase does. BERD is available at the rear panel at J9, labeled THI BLOCK
SHIFT, for applications such as automatic camera shutter triggering.

4,4.3 Rotation

The 1024 x 5 ROM, made up of four PROMs (MAG C11-C14 in
Appendix B) implements the rotation function for both read and write X
memory addresses:
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XB @ RN XB ® RN XB < 25 (display area, Figure 4-8)

K;
XB ; 25 < XB (ancillary data area, Figure 4-8).

modulo 25
where XB is the block number (see Figure 4-8) and RNK is the rotation
number for channel K. During each time slot (see Figure 4-10), a different
rotation number RNK appears on RN, having been read from the 5 x 4
register file addressed by A and B. For example, displays 1 and 2 might
contain RHI's so that RN1 = RN2 = 0; display channel 3 might hold a THI which
has undergone 17 block shifts, hence RN3 = 17; while display 4 might be

occupied by a THI which had been stopped earlier with RN4 =9. The RNK

are five-bit numbers, each ranging from 0 to 24. They rotate their respective
displays only in the display area as described quantitively above. This
rotation is required to implement the "block shift'" needed for the THI data

entry scheme described in section 3.1,3. 1.

Because the rotation does not include the ancillary data area, the
ancillary data entry operation is not affected. The erase operations are not
affected by the rotation since all blocks are covered and the order makes no
difference. The DDI operations involving the cursor and slow read are with
respect to the non-rotated scan, although the data obtained from the memory
are from the rotated address, Thus, the cursor does not move as the THI
display rotates under it and the color data obtained by a cursor data entry

corresponds to what is displayed under the cursor.

During R, an address from one of three sources, as selected by
priority logic for each channel, appears on the MA and XP busses during the
time slot reserved for that channel. When the SDF or DDI is the source, the
X-block address is rotated so that, for example, when a THI is trans-
mitted, it does not appear additionally rotated in the remote display. If the
STORE VIDEO switch for channel K is activated in THI, then the block
number BRN from the time base generator is stored in the register file as
RNK. If the store switch for channel K is activated in any scan converter
mode other than THI, then zero is stored in the register file as RNK‘ Thus,
THI displays can be retained while PPI, RHI, or CAPPI presentations are
entered into other channels and vice versa.
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When storing a THI in channel K, 24 @ BRN appears on the MA buss.
Thus, suppose BRN = 3 (three 'block shifts' have taken place), then the
actual X block being addressed in the memory is 24 @3 = 2. Meanwhile,
RNK has been set to BRN so that the data appearing in the block 0 position on
display K are from memory block DXB [ RNK =0 @ 3 = 3, those in
block 1 are from memory block 4, 22 from 0, 23 from 1, and display block
74 is from memory block 2, which is where the writing is going on. Mean-
while, the XP buss is driven by BXP from the time base generator and the
rest of the memory address, which corresponds to Y on the display, comes
from the scan converter which is doing an RHI with any elevation angle.

The resulting THI data entry is as described in section 3.1.3.1.

4.5 Memory Interface Units

The block diagram in Figure 2-1 contains four Memory Interface Units
(MIU) which are identical rack-mounted drawers. Address, clock, and
gate busses are supplied to the MIU in a daisy-chain configuration where
each unit taps off a twisted-pair cable which is resistively terminated only
at the last MIU (No. 1). A block diagram of one MIU is presented in
Figure 4-12; the detailed descriptions of various components within it are

contained in paragraphs following a discussion of memory cycles.

4.5.1 Memory Cycles

The timing diagram in Figure 4-13 shows all significant waveforms for
examples of the four types of memory cycles. Each cycle occupies one-half
period of the square wave R (shown in both timing diagrams, Figure 4-8 and
4-13), and is initiated by manual or automatic commands listed in Table 4-1.
The state of R determines whether the raster-scan address DXB, DY or the

code-converted input address IXB, IYB appears on the memory address buss.

As listed in the table, each of the four types of cycles happens in response
to commands when the raster scan address DXB, DY is in certain areas of
the dislay.
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Memory Interface Block Diagram

Figure 4-12,
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Table 4-1. Memory Cycles

Commands “ngtf‘pe gxr\getgc;ry Cycle "
en - is in eac
Video Legend ﬁ;r;; Xg;:::z Area of Display(see Fig.4-8):
R Store Store Erase Store Buss DA LA PA Retrace
1 X (0] X X DXB,DY RR RR RR ®
1 X 1 X X B RR RW RR @
1 X X o X i RR RR RR @
1 X X 1 X " RW RR RW ()
1 X X X (0] L RR RR RR @
1 X X X 1 e RR RR RW ®
(@) (0] X X X IXB,IYB RR RR RR RR
(0] 1 X X X IXB,IYB RMW RMW RMW RMW

Listing of Types of Memory Cycles (see Figures 4-12 and 4-13)

R Cycle Description

1 RR READ-RESTORE. Data from memory address DXB, DY
are transferred to the parallel/serial converter and are
available to the DDR multiplexer. Unchanged data are
restored at the same address. This cycle is used for
providing video information to refresh the raster-scan

display.

1 ¢ IDLE. D ;
Se 2 Do nothing.

1 RW READ-WRITE, Data from memory address DXB, DY are

transferred to the parallel/serial converter and are

available to the DDR multiplexer. New data, all zeroes
for an erase operation or information from the AD
(ancillary data) buss for legend or parameter storage,

are written into the same address.

() RMW READ-MODIFY -WRITE, Data from memory address
IXB,IYB are transferred to the modify/restore register

and logic, then are partially changed and written back
into the same address. Thie cycle is used to enter
data into DA,
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4,5.2 Parallel-To-Serial Converter

Parallel data from the memory are loaded into this converter at a
positive edge of SCLK during PSL-~see the timing diagram in Figure 4-13,
The converter is wired as a four-bit-wide, ten~bit shift register having a
four-bit output CV which changes at positive iransitions of SCLK. The timing
diagram describes which point from which memory output appears at each
time interval. The D MASK output (see Figure 4~12) is simply MASK, a
signal which blacks out the undesired areas of the display, delayed by three
SCLK periods so that it changes only at boundaries between points zero and

nine.

4,5.3 Color Encoder

The color encoder (see block diagram in Figure 4-14) accepts the four-
bit output of the parallel-to-serial converter, and if DMASK is false, outputs
three analog voltages to drive the red, green and blue video inputs on the color
monitor. The three identical D/A converters only have three bits each, but
nevertheless it is possible to generate 512 different color/intensity outputs,
Voltages at each output take on eight different levele ranging from zero (black)

to one volt (full intensity); the output loading must be 75 ohms through video
coaxial cable.

The color encoder is programmable; that is, for each of the sixteen
possible states of the input CV, an arbitrary set of analog output voltages can
be programmed by means of switches. The switches are arranged in columns
by colors, as shown in Figure 4-14, where an example of one possible program
is shown. Within each column are three sub-columns which correspond to the
bit weight 1, 2 or 4; finally, each switch in each sub-column is numbered from
0 to 15 to denote CPA (Color Patch Address-see Figure 4-8). In the example,

the relative video values listed are obtained by simply adding the bit weights
for each color at each CPA.
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4.5.4 Modify/Restore Logic, Register and Multiplexers

The RMW memory cycle is fundamental in that it provides the means by
which new data are entered into the display area. During the time when R is
False and IXB, IYB is in the MA register, if a store video command
occurs, the following sequence of events takes place (refer to Figure 4-12),
The 40-bit memory output DO is loaded into the modify/restore register at the
positive edge of RMW. In the modify/restore logic, one point (four-bits) as
selected by the XP buss, is changed to vhatever CIC (Color-Intensity Code)
happens to be. The other nine points are unchanged.

If DELAYED RME is true, the selected point is written back as 1111, the
code reserved for range markers, If a point is found to contain code 1111 by the
COLOR 15 DECODERS, it is written back as 1111, Since these events happen
when R is False, the AD and DP multiplexers are switched so that all 40 bits
from the modify/restore logic go right back into the memory where they are
written, still at the same address, when SIC comes along.

As is evident from Table 4-1, the intervals when R is False have been
reserved for RMW cycles, no matter where the raster scan counters happen
to be. Thus, a new input data point can be accepted once every period of R
(1.6725 usec). During the same period, ten adjacent points are output to
the color encoder. This ten-to-one di}f;rence in data rates results from the
memory organization employed and the fact that the input addresses are in

random order, while the output addresses are in sequential order.

When ancillary data or zeroes for erase are being written into the memory
in RW cycles, points two and five through nine can be changed simultaneously
by means of the DP and AD multiplexers. Ancillary data enter through the
20-bit AD multiplexer when AD GATE is true, while DPE causes a 4-bit jumper -

programmable code for the color of the decimal point to be applied to point
two. ZID zeroes all 40 bits during erase.

|
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4.5.5 Contour Generator

The lower half of Figure 4-12 is the contour generator which accepts one
8-bit video word and RME every period of R and presents a corresponding four -
bit CIC (Color/ntensity Code) and delayed RME as its output. Contour thresholds,
both colors and levels, are read from the memory when the raster scan is in the
appropriate patch (see Figure 4-8) and are stored in register files -- small,
fast memories capable of simultaneous reading and writing at different addresses.
Data from the register files are used in a successive approximation algorithm to

determine which CIC to assign to a given video input.

The incoming digital video is both scaled and converted to BCD in a ROM
made up of two 256 x 4 PROMs, D9 and D10 for which truth tables are included
in Appendix B. The ROM output is clocked by PSL into the V register
where it remains available to drive the comparator during the remainder of
the period of R. The example at the bottom of Figure 4-13 shows a digital
video input which has a value such that it should be assigned the color which
has been entered into CPA 13. The successive approximation register state
RA always begins as seven whereupon the contents of the 1's and 10's register
files at read address RA = 7 are compared with V. The decision made in the
comparator determines that the next state for RA should be 11 (the other
alternative is three), and the process continues to repeat in this manner
until four decisions, corresponding to 16 bits, have been made. The final
answer of RA = 13 then addresses the Color Patch Register File which
provides a four-bit code to be loaded into the CIC register by CCK. The
second contour generator cycle at the lower right of Figure 4-13 shows all
possible states of RA for each step. Data sheets for the AMD 2503

successive approximation registers have been included in Appendix A,

The time interval after CCK is reserved for writing data into the three
register files, as commanded by the three write strobe signals 1 ST, 10 ST
and CPST. The write address applied to the register files is CPA, and the
appropriate write strobe signal is gated-on when the raster scan is in the
proper patch. Although each patch contains a five-by-four array of identically

coded points, only one is needed to be written into the register files. Point

4-35




o b

eight has been arbitrarily chosen and is thus loaded into the D register
(Figure 4-12) at PSL so that it can be entered into the proper register file
when the corresponding write strobe signal occurs. Four write strobes

appear during each field for every write address of the register files.

4.5.6 Memory Address Buss

In each Memory Interface Unit, the time-multiplexed MA and XP busses
drive registers clocked by MARCK, a pulse unique to time slot K for display
channel K. Figure 4-10 illustrates the timing for channels 1 and 4; although
they are clocked at different times, the registers in all four MIU's contain
the proper addresses well in advance of SOC, during which they must be
stable. The XP bits require an additional regisier clocked by the trailing
edge of MIC (not shown on Figure 4-10 but coincident with the negative going
edge of SOC) so that they can remain stationary during each RMW cycle.

The MARCK pulses are generated by breaking the chain of one twisted pair
in the clock/gate buss and delaying the MAST . clock by one period of SCLK
on each MIU,

K

4.5.7 Write Data and Read Data Busses

The WD and RD four-bit busses, daisy-chained through the MIU as
are the other busses (see Figure 2-1), permit direct access to any image
point in the memory for the SDF or DDI,

When the MWE control line is active, the multiplexer at the bottom of
Figure 4-12 connects the WD buss directly to the CIC inputs of the
Modify/Restore Logic. The Range Marker Enable signal is simultaneously
rendered inoperative.

When the MDE control line is active, the tri-state driver at the top of
Figure 4-12 drives the RD buss with a four-bit code corresponding to one
of the ten points currently available at the memory output. The DDR multi-
plexer selects this point as a function of the state of the XP Buss. The
RD buss differs from all others in that signals flow away from the MIU;
more than one MDE control line cannot be active simultaneously lest the
buss drivers perish.
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4.5.8 Cursor Interface

When the CUB (Cursor UnBlank) control signal is active, a cursor
color code is applied to the CV inputs of the color encoder instead of the
parallel/serial converter output. The color change logic ensures visibility
of the cursor by defining its code as zero (black) except when the point being
covered by the cursor (hence the background) is any of colors zero through
three. In the latter case, the cursor appears as the jumper-programmed

color, presently wired as color seven (light green).

The leading edge of the CDE (Cursor Data Enable) control signal
enters the current four-bit word at the parallel/serial converter output into
the cursor data register. As long as CDE remains active, this word
appears on the RD buss. Individual MIUs are protected against simultaneous
occurrence of MDE and CDE; CDE has priority.

4.5.9 Full-Screen Operation

When the FSE (Full-Screen Enable) control line is active, the MASK
which normally blanks certain areas among the ancillary data is inhibited.
This condition permits use of the full screen for display of data written
through the WD buss.

4.6 Serial Data Formatter/Video Distribution Unit

The SDF/VDU card contains two functional units which are only
marginally interrelated. The VDU distrubutes video data and memory
control signals from various sources to the MIUs. The SDF generates
addresses to obtain, serially from the display memories, data which it
synchronizes with an external clock and combines with synchronization

codes for transmission to the RRM.

4,6.1 Video Distribution Unit

The VDU card consists of an array of logic and line drivers which
serves to distribute the eight-bit video signals from the coordinate converter
to all of the MIUs. The memory control lines SIC, SOC, RMW, RME, and
ZID for each MIU are also routed through the VDU, while the memory clock,
R, passes through on its way to the coordinate converter.
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The video inputs for MULTIPLE DATA SOURCE (inputs on J12, J13
and J14) come .irectly to the VDU where, when MULTIPLE DATA SOURCE
has been selected, they are synchronized with the appropriate memory timing
signals and coordinate-converter-generated memory addresses for distri-
bution to the assigned display refresh memory. The synchronizer circuitry
is of the same design as that described in section 4.2.8. When MULTIPLE
DATA SOURCE has not been selected, the video input on Jl is routed to all

display refresh memories.

4.6.2 Serial Data Formatter

A multiplexer, illustrate - ‘n the upper left corner of Figure 4-15,
selects the X and Y coordinate converter outputs for application to the DDI
address inputs TSX, TSY when TASM from the MAG is low. A decoder
detects SX = 255 so that the DCU can disable the store commands in this
case since radar data must not appear in the ancillary data area which
begins at X = 255 (see Figure 4-8). When TASM is high, the DDI address

inputs are driven by the transmit address counters TX and TY.

The serial data format appears in Figure 4-16 along with certain
SDF waveforms included to show the operation of the counters in Figure 4-15,
The counters are synchronous with the clock MCK which, with the TEST
CLOCK switch off, comes from the MODEM transmit data clock converted
to TTL levels, Interface with the memory, having faster clocks SCLK

and PSL, is affected by separate read and write synchronizers.

The bit counter operates differently between the transmit and test modes,
but its least significant two bits TD always define the bit number (0-3) of the
point specified by the transmit point and line counters TX, TY.

In the transmit mode (see Figure 4-17) the counter has modulo four
and the write synchronizer is disabled. Consider the time when TX has just
changed from Xl-l to )(l in Figure 4-17, The expanded-time-~scale
waveforms show how the read synchronizer subsequently generates an MDG
pulse at the earliest possible time consistent with the memory timing.
Recall that MDE is the control line which activates a tri-state RD-buss
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driver in an MIU. MDG is simply applied to the MDE line for whichever MIU
has been selected as the source by the DISPLAY switch which drives the
Test/Select logic (see Figure 4-15). While MDG is active, the four-bit
color/intensity code obtained from the memory address defined by Xl, Y
(the present states of counters TX, TY) is on the RD buss. At the trailing
edge of MDG, this word is clocked into a register and becomes SRD, the
read synchronizer data output. SRD is serialized by a multiplexer, enabled
only during the data gate DG (Figure 4-16), with its select inputs driven by
TD. The resulting serial data is or'd with serial sync. code and line
number signals, each gated on during its appropriate time, and the entire
serial data stream is re-clocked by MCK to become MD which drives the
Modem through a multiplexer and line driver which level-converts to the
EIA Standard RS 232 interface signal levels.

The preceding paragraph also applies when either test mode is
selected, except that the Modem Data Output is disabled and the bit counter
has modulo eight. The WIG signal shown in Figure 4-18 initiates a write
operation in which a four-bit word, having been obtained from the source
memory and serialized as described above, is shifted into a parallel output
register which drives the WD buss. This four=-bit word is subsequently
written into another memory at the same address, since TX and TY haven't
changed yet. The expanded-time-scale waveforms of Figure 4-18 show how
MWG is developed from the WI pulse by the write synchronizer. The test/
select logic (Figure 4-15) directs MWG to the MWE inputs of the DCU and
the MIU with channel number one greater than that selected as the source.

The normal store command inputs of the DCU are not used in this mode.

Test Mode A causes the source memory to be copied into another
memory, while test mode B results in waveforms from the time when DG
is False (Figure 4-16) being written into another memory. Test Mode B
thus requires that the WI pulse be active only when DG is false and that
the X address be scrambled (TX8 complemented) when WIG is true.
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The SDF counters operate only while CE is true, in which case the
blue indicator of the START switch on the DATA TRANSMISSION CONTROL
Panel is illuminated, When this momentary-contact switch is closed, CE
is set to its true state, provided MCK exists and SDFE from the MAG priority
logic is true. When TY has reached 253 and that line is complete, CE is
reset, the counters are re-initialized, and the SDF is ready for another
transmission cycle. The counters are unconditionally held initialized
whenever SDFE is False or the MODE switch is in its OFF position,

The combinatorial logic array near the center of Figure 4-15, driven
by TD ancd TX, generates the serial sync. code prefix and sync. code, line
number, and data gates, This array includes a programmable 32 x 8 ROM
(see SDF Bl5 in Appendix B); the same ROM is also used
in the Remote Refresh Memory. Switches in B30 on the SDF card can be
used as an aid in diagnosing troubles in the SDF, data link, or remote
refresh memory. One, two or three errors can be purposely introduced
into every line sync. code prefix with switches 1 and 2, The entire line
sync, code can be complemented by switch 3, and switch 4 permits continuous,
repetitive transmission. For normal operation, switches ! and 2 must be

closed and 3 and 4 must be open.

The serial line number code is obtained by scanning the equivalent
eight-bit parallel code, TY, with a one-of-eight multiplexer having select
lines connected to the three least significant bits of TX. This multiplexer
is enabled only during the Line Number Gate LNG.

A conflict between the DDI and SDF over the RD buss is resolved by
taking advantage of the fact that neither the DDI nor the SDF ever needs the
RD buss for two memory cycles in a row, and that the transmit address in
the SDF does not change for many cycles after it attempts to access the
display memory. The SDF's read synchronizer waits one cycle if the DDI
attempts a simultaneous read operation, as evidenced by a WAIT signal
from the DDI (see dashed waveforms in Figure 4-17),
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The array of logic and level interface elements at the lower left of
Figure 4-15 provide for interaction between the MODEM, the CRT terminal,
and the SDF. The SDF has priority over the outbound direction of data
transmission through the MODEM; during a data transmission, the Master
CRT terminal cannot transmit to the Remote one. Communication in the

other direction, however, is always possible.

4.7 Display Data Interface

The Display Data Interface (DDI) includes a multitude of interfaces
necessary so that the DISPLAY INTERFACE CONTROL Panel, DCU, MIU,
SDF, and the computer's Universal Logic Interface (ULI) can collectively
communicate. These interfaces include A/D conversion of the trackball
outputs, code-conversion, generation of precisely~timed control signals,
temporary storage of data, routing of data, synchronization, and sequential
control of data transfer operations. Reference to the DDI Block Diagram
in Figure 4-19, unless otherwise specified, is implied in the following

sections.

4.7.1 Cursor Position

Digital binary-coded representation of cursor position (XC, YC) is
derived from a mechanical trackball device (see Appendix A) on the LWCA
control panel. Bipolar voltages, obtained by zener regulation from the
15-volt supplies, are applied across the 10K trackball potentiometers. The
resultant bipolar analog signals--one proportional to X-axis (left-right) dis-
placement, the other to Y-axis displacement--are low-pass filtered and
converted to binary-coded digital form in Datel ADC MA-10B modules (see
Appendix A).

The converter modules are set up so that an input voltage ofu-lo volts
gives an all zeroes output, while +9, 9951 volts yields all ones, Outside of
this range, the converters limit. The Y-channel analog voltage range is
+12 volts (the last two volts at either end is not used) and the most significant

eight bits of the converter output are clocked into a register to become YC.
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The X-channel analog voltage range has been limited by a series
resistor to -12 to +3.4 volts, while the most significant nine bits of its con-
verter output are clocked into a register to become XC, Although the X
analog voltage is limited, it is possible to exceed XC = 319, which is beyond
the right edge of the screen, This condition is discussed from an operational

standpoint in section 3. 1. 10,

In order to remain compatible with Interdata notation, YC and the
least-significant eight bits of XC are numbered with the most significant bit
having the least subscript--just opposite to all other scan-converter
documentation., The MSB of X is handled separately as XCM; for an illus-
tration of display addressing convention, see Figure 2 of AJJ-21 in

Appendix C.

The self-clocked, successive-approximation A/D converters begin a
conversion once per raster-scan field, at the trailing edge of DY7. Con-
version is inhibited when SDG, the send-data gate to be discussed later, is
true. This feature prevents (XC, YC) from changing during a data trans-

action,

4,7.2 Cursor Generation

The cursor, a moveable single point on the screen, is made to appear
by the generation of a narrow pulse properly timed with respect to the raster
scan. This pulse is applied to the CUB input (described in section 4.5.8) of
each MIU having its CURSOR ON/OFF switch in the on (illuminated) state.

Except for the Slow-Read case to be described later, XC and YC pass
through thu digital multiplexers shown, The code conversion ROM
develops the special block/point code used in the DCU and MAG for
generating X addresses, so that a digital comparison can be made directly.
The raster scan location is defined to the nearest 10-point block by DY and
DXB from the DCU. The state of the mod-10 counter driven by SCLK and
reset by PSL defines the location of a point within that block. When the
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scan location equals the cursor location, the comparator MATCH output
becomes true and the logic shown generates a CUB (cursor unblank) for
those displays having their cursor switched on. The cursor is made to
blink with a 0.5 second period in order to make it easy to find and to see
what color it covers. The blinking can be disabled by closing switch 1 on
C26 of the DDI. The comparator is disabled when the DXB5 + DY 8 signal,

corresponding to the vertical and horizonta' blanking intervals, is true.

4.7.3 Full-Screen Enable

The flip-flops which are set by the ERASE DISPLAY buttons and reset
by signals RLS (from the DCU and the STORE THRESHOLD buttons), simply
generate the FSE (full-screen enable) signals. When FSE is true for a
given display, the mask which normally surrounds the color patches and
alphanumerics is disabled so that the full screen can be used. FSE is

inhibited during retrace time intervals.

4.7.4 Address Multiplexer

The multiplexer at the center-left of the DDI block diagram selects
whether the MAG inputs are to be driven from the SDF outputs as they
normally are, or from the computer. It selects the X and Y SDF outputs
TSX, TSY for application to the MAG address inputs IX,IY when AASM from

the MAG is low, or the outputs of temporary data storage registers YA, XA
and XAM, when AASM is high.

4.7.5 DISPLAY MEMORY ACCESS Controls

The logic shown connected to the READ ON/OFF and WRITE ON/OFF
switches and indicators disables these operations if MBA (Memory Buss
Available) is False., MBA, developed in the status logic, is true only if

1. Neither SDF TEST mode has been selected,
2. The channel most recently addressed by the computer
(SAA,SAB) is not involved in a higher-priority operation.
Status bits, available to the computer, indicate which channels are useable
as shown in Table 4-2,
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Table 4-2.
DDI (Device X '8B') Status Byte (Different from LWCA DDI)

Bit: 0 L 2 3 4 5 6 7
True Display Display Display Display SDG WRITE READ SPARH
(Logic 1) Channel Channel Channel Channel Switch Switch
Condition: 1 Not 2 Not 3 Not 4 Not ON ON
Available Available Available Available
|\ J

All true if SDF TEST A or B selected.

Examination of the status bits by the computer is entirely passive and
does not affect DDI operation in any way. Bits 5 and 6, from the DISPLAY
MEMORY ACCESS switches also control operation of the Read and Write

synchronizers.,

4,7.6 Computer Interface

The Interdata M48-013 Universal Logic Interface, described in their
publication number 29-311, is a circuit card located within the computer
itself. Line drivers and receivers for the signals indicated as "from ULI"
and '"to ULI" in the DDI block diagram have been built onto the ULI, The
signals reach the DDI through a multiple twisted~pair cable having connectors

at the computer's convenience panel.

The ULI is always operated in its Byte Mode. Data arriving at the DDI
from the ULI on DOT 0:7 are loaded into one of three registers, according
to load commands.LDO, LD1 and LD2 from the control logic. Three of the
user defineable command bits COT 4:6 and most of the control lines are
used to drive the control logic, causing it to change state (as the computer
executes I/O instructions with device number X'8B') according to the
diagram in Figure 4 of AJJ-21 in Appendix C. . The control logic is imple-
mented as a four-bit sequential machine with two field-programmable
32 x 8 ROMs (see Appendix B-DDI B23, B29 ) in its feed-back path. These
ROMs have been programmed to cause the control logic to behave as
characterized in the state diagram. A different section of one ROM can be
selected to alter the behavior of the control logic for hardware tests covered
in a later section.




The Read and Write synchronizers match the timing of certain control
logic outputs to that of the scan converter. Control logic outputs are
directed to the proper display channel by the decoders shown driven by the
two-bit display select code SA received in one of the registers. Of these
outputs, DDI-MDE and DDI-MWE drive the MIU circuitry through logic which
combines them with their counterparts from the SDF, while the SLORE (Slow
Read Enable) signals permit generation of corresponding CDE (Cursor Data
Enable) control pulses following a subsequent MATCH occurrence. CDE
pulses can also be generated similarly following a manually initiated send-data
sequence. The incidence of any CDE results in the following actions: 1) A
one-microsecond pulse is sent to the ULI on its SATNO (interrupt input) line,
2) the 4-bit word now on the RD Buss is stored in a register accessible to
the ULI, and 3) the control logic state changes. Control logic, synchronizer,
and CDE operation are exemplified in the next section where specific types of

data transfers are explained.

When a possible conflict with the SDF over the RD buss is impending,
either because of a MATCH occurrence at certain critical times (with the
poseibility of a subsequent CDE) or because of a memory read operation
being handled by the DDI Read Synchronizer, the Wait Generator outputs a
pulse to the SDF Read Synchronizer.

A multiplexer, driven by DINS (Data Input Select) from the control logic,
selects data from various points in the DDI to be sent over DIN 0:7 to the ULI,

4,7.7 Data Transfers

The explanations of the various types of data transfers, contained in
the following sub-sections and supported by detailed timing diagrams,
parallel those appearing in AJJ-21 of Appendix C. Because the same
examples have been used, correlation between the software-oriented infor-
mation in AJJ-2] and the hardware-oriented discussions to follow should
provide a thorough understanding of this interface. Note, however, that
AJJ-2]1 was written for the LWCA system and therefore has a different
status byte along with other differences because the associated scan
converter does not have a time-multiplexed memory buss. The section
titled' ""Operation of the LWCA Scan Converter' should be ignored.
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4.7.7.1 Write Disglay Memory

The three different types of write operations are each represented in
Examples 1, 2 and 3 of Figure 4-20. The leading edge of the first CMG
pulse, occurring in response to execution of an OC instruction as indicated
in the corresponding software example, coincides with the appearance of
the code OOO on ULI outputs COT 4 through 6. The trailing edge of CMG

compels the control logic to enter state RW1,

New data (not shown) appear on ULI outputs DOT 0 through 7 at the
leading edge of each DAG pulse, while the control logic changes state at
each trailing edge. The mutually-exclusive Load commands LDQO, LDI
and LD2 occur during each DAG pulse in states RW1, RW2 and RW3, res-
pectively. The trailing edge of each LD pulse loads the then-stable ULI
data outputs into the appropriate register. The data do not all reach their
final registers, however, until the last transition of LD2, The extra
registers were added so that all 17 memory address bits change simul-
taneuusly; thus, avoiding possibility of anomolous behavior in certain

situations.

As the control logic leaves state RW3, the Write synchronizer springs
into action, driven by MWGI., If WE is true (write indicator lit), the
synchronizer generates an MWG (Memory Write Gate) pulse starting at
the next positive edge of the PSL clock (from the DCU) at least 400 nano-
seconds after the control logic state transition, A: this time, all address
bits are in their proper registers, the four-bit color/intensity code to be
written is in a register driving the WD buss, and the display select code
is at the decoder select inputs so it can direct the MWG pulse onto the
proper MWE line. The write operation for one point is thus completed
during the MWG pulse. Had WE been false (write indicator not lit), no
MWG would have been issued.

The three examples in Figure 4-20 differ only in the path taken through
the control logic states, as determined by COT 4:6 (of the command byte).
They each involve writing two points which could be accomplished as in
example 3, but in examples 1 and 2, advantage has been taken of common
information between the points or compact table organization to shorten

the total execution time,
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4.7.7.2 Read Display Memory

The write data transfer just described can be executed only if the scan
converter memory buss¥is available. The normal read display memory
operation, example 4 in Figure 4-21, also requires the memory buss. A
slow read transfer, example 5 in the same figure, does not need the buss
but requires an interrupt service routine in the software and may occupy a

lengthy time interval.

Through state RW3, the normal read sequence is the same as a write
sequence, except that a different command byte is issued. When the control
logic goes from state RW3 to R4, the read synchronizer begins its work.
Depending on the current phase relationship between the scan converter and
the computer, the MDG pulse ends 1.5 to 3,17 microseconds after the state
transition. At this time, the color-intensity code for the addressed point
which had been on the RD buss during MDG, is clocked into a register on
the DDI, Because DINS = 0, the outputs of this register reach ULI data
inputs DIN 4:7, Note that on the DDI schematic, the inputs and outputs are
oppositely numbered; this is another case where the Interdata bit-numbering

convention conflicts with that established for the scan converter.

Because up to three microseconds can elapse before the data are
ready, a delay should be programmed so that the DRG pulse from the MIU
does not happen too early, This DRG pulse, the result of execution of a
read instruction--see the corresponding software example--transfers the
signals at the ULI data inputs to the computer and sends the control logic
back to state RWI1, Another point can now be read, or as in the example,
a CMG pulse with command byte 010X111X issued to force the control

logic into state I.

Should the memory buss*not be available (MBA = false), the slow-read
sequence (example 5 in Figure 4-21) must be employed to obtain data from
the image memories. This sequence, through state RW3, is identical to
that of a normal read. Command bit COT 6 can be left as a zero since the
fact that MBA is false will force the control logic to follow the proper state
sequence, or it can be set to a one in which case the slow read will be

performed even if MBA is true.

%
for the selected display channel.
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After the third DAG pulse, the control logic enters state SR4, and
the SLORG (Slow Read Gate) signal goes true. While SLORG is true, the
comparator inputs (XA, YA) supplant (XC, YC) from the trackball and one
of the four D-flip flops, enabled by the SA-selected SLORE (Slow Read Enable)
line, awaits a MATCH pulse. When this event finally happens, a CDE pulse
is generated to snare the proper color/intensity code from the RD buss.
Concurrently, the control logic goes to state SR5 and a one-microsecond
pulse on the ULI/SATNO line awakens the computer, which shortly there-
after obtains the data by issuing a DRG pulse from the ULI as in example 4.

4.7.7.3 Cursor Data Entry

This operation is different from read and write in that it is manually
initiated and all data flow toward the computer. While acquisition of the
color/intensity code at the cursor position (XC, YC) employs the same lengthy
wait-for-the-MATCH process as the slow read, the work is done by the

DDI before the computer even becomes involved.

Figure 4-22 shows the cursor data entry example. When a SEND DATA
button is pushed; SDG is set to a logic one condition, a two-bit code SC
is stored in a register to describe which button was pushed, the corres-
ponding SDE (Send Data Enable) signal is energized, and the corresponding
SDI (Send Data Indicator) signal is activated to light the button. As did
the SLORE in the slow-read case, the SDE enables a flip-flop to wait for
a MATCH, which subsequently generates a CDE pulse to get the code onto the
RD buss and stuff it iato the register on the DDI, At about the same time,
the control logic is coerced into state Cl and a one-microsecond phlse on
the ULI's SATNO input alerts the computer that the data are ready.

An interrupt service routine then executes instructions--see the
software example--so that the ULI outputs shown in Figure 4-22 are
generated. The control logic threads its way through states not reached in
any other operation, while DINS changes to one and two for the first time
in any example. The latter event gives the ULI data inputs access (through
the multiplexer) to YC and the eight least significant bits of XC which are
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not allowed to change at this time since SDG is still true. When all data
have been obtained, the computer terminates the operation by producing a
CMG pulse, together with a 010X111X command byte, to force the control
logic back to state I while resetting SDG by means of the RSDG signal. The
SD indicator persists in its on state for an additional half-second so that

it can be seen even when the wait for a MATCH is of short duration. A

mac'hi;i;a-language program for the Interdata 7/32 which facilitates testing

the Cursor Data Entry operation of the DDI has been included as Appendix D.

4.7.8 Hardware Test Switch

Located in C26 of the DDI card, this eight-circuit switch permits
certain tests to be performed on the DDI without the ULIL. The switch and

its capabilities are illustrated in Figure 4-23.
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SECTION 5. DETAILED CIRCUIT DESCRIPTION-
REMOTE RECEIVER UNIT

A block diagram cf the RRM (Remote Refresh Memony) is included
in Figure 2-1, This section describes the DRU and MIU circuitry in detail.

5.1 Display Receiver Unit 3

5.1.1 Timing and Control Logic

Figure 5-1 presents the DRU block diagram, where it can be seen
that all timing waveforms are obtained by frequency division of the
11.958041 MHz crystal-controlled clock in the timing and control circuitry
below the dashed line. Discussion of the outputs of the clock generator,
except for R, is postponed until the section on the MIU where these signals

are used.

The square-wave R, with a period of 1.6725 microseconds, is illus-
trated along the X-axis of Figure 4-8, which shows the display format along
with waveforms. Along the X-axis, the display is organized into ten-point
blocks designated DXBO through DXB31; each period of R corresponds to one
block. Since each point requires four-bits for color/intensity coding, 40

bits are needed to specify each block. A memory with 40-bit words at cone.

secutive addresses describe a line, and 8192 words contain the entire image.

In order to refresh the display, the memory is sequentially read while
the CRT beam scans out a raster; this read cycle is always done while R is
high, when the memory address multiplexer (see Figuré 5-1 ) routes DXB
and DY from the synchronous scan counters to the 13-bit memory address
buss. During the remaining half cycle of R, if a.store cornmand is received,
data are written into the memory at an address (RXB, RYB), where RXB is
a 5~bit block select code developed directly in a counter, thereby eliminating
the code conversion ROM needed in the MAG of the Master SCRM. As is
described in the MIU section, RXP determines which one of the ten points
within the block is to be changed.
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The logic array generates waveforms, shown in Figure 4-8,
which are functions of the scan counter outputs, DXB or DY. Waveforms
which need to be functions of both DXB and DY are derived from them; for
example: PA = PA(X) * PA(Y). The logic array is implemented with two
32 x 8 PROMs (Programmable Read Only Memories) and a collection of
decoders and gates. A truth table for these PROMs, Cl16 and D20, is
tabulated in Appendix B, while the addressing and output waveforms are
illustrated in Figure 4-8. The same mask as is used in the Master SCRM
is also used in this unit. The effect of this mask can be seen when the
test pattern is entered into the display memory of the RRM. Since this
mask does not include DA' (see Figure 4-8), when a THI is transmitted
from the Master, DA' in the RRM will contain old RHI or PPI data unless
the Master's display had been erased before the THI display was started.

Interlaced scanning, possibly useful to fill interline gaps for _

photographic purposes, or to interface with a system requiring a standard
525-line scan, can be enabled by the front-panel INTERLACE switch.

The waveforms which result are shown in Figure 4-8. Timing of the
H-drive pulse is adjustable over a range of + 3 microseconds by means

of a potentiometer; this adjustment can be used to center the image in

the raster of the display.

The memory function control logic generates SIC, SOC and RMW
signals (to be discussed in the MIU section) which initiate various types
of cycles in the memory. The erase logic generates properly timed
ZID signals which cause all zeroes (black) to be written into the memory
at all addresses.
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5.1.2 MODEM Interface Circuitry

The collection of level translators and logic at the upper right of
Figure 5-1 serves to interface between the MODEM, the CRT terminal, and
the DRU. During reception of datiu from the MASTER SCRM, the 200 msec
retriggerable one-shot is kept on by the sequence of detected sync. codes,

thereby disabling transmission tu the CRT terminal.

5.1.3 Test Pattern Generator

The test pattern generator obtains its 74.75 kHz clock by dividing
DXBO of the XB scan counter by four. The TD, TX and TY counters simulate
the corresponding counters in the Master SCRM. They drive a combinatorial
logic array which develops the test pattern, including sync. code and line
number. This logic array uses a 32 x 8 PROM having the same pattern (Appendix
B, DRU D30) as that used in the Master SCRM and in the serial correlator
(to be described) of the DRU.

5.1.4 Receiver Counters and Registers

The serial correlator will be described in another section. But for
the purposes of this section, its outputs are diagrammed in Figure 5-2 which
will help to explain operation of the remaining portions of Figure 5-1. It
might also be helpful to refer to Figure 4-16 of the Master SCRM section,
which describes the serial data format. The ORDY output of the correlator
goes high when its other outputs are valid; it is used as a bit clock in the
DRU. The serial input data delayed one clock period, DMDTA, is shifted
into a 4-bit serial/parallel converter, the output of which is the color-intensity
code to be stored in the memory. The RXP and RXB counters, properly
initialized by SCD when the correlator finds a sync. code, develop X-addresses
at which to store the color/intensity code. The command to store is issued at
the proper time as determined by the synchronizer (see bottom of Figure 5-2)
but only during the data gate DG, After detection of the sync. code, the line
number gate LNG goes high and the line number code is shifted into its
register to serve as the Y-address RY, Should there be an error in any
bit of the line no. code, LNOK goes low and no store commands are issued
until the next successful line,
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5.1.5 Serial Correlator

A block diagram of the serial correlator appears in Figure 5-3, along
with timing diagrams having two different time scales. At the negative
transition of the modem clock, the correlator cycle begins with zeroing of
the AB, sync. code, and line no. code counters, but not the AA counter,
Concurrently, the data present at the input at this time, MDTA, are written
into the RAM at an address defined by the state, say K, of counter AA. Since

this process had been going on for many previous 'éi(cles. the other RAM
addresses contain bits from the earlier cycles. The correlator works by
rapidly (one bit per 167.25 nsec) sequencing through these earlier data
samples and comparing them with a replica (from the ROM B20, Appendix B)
of the sequence which is being sought. Two sequences are iooked for
simultaneously here: the 31-bit sync. code and the four bits which make up
one digit of the line number code. Because these sequences are both
shorter than the 32-bit capacity of the correlator, 31-bit and 4-bit gates

are needed,

The sync. code and line number code counters count the number of
bits which match between the RAM output and the ROM output. The comparator
logic decides whether or not to accept the code being sought. For the sync.
code case, if there is one error the code is still accepted and SCD goes high.
But if there are two or more errors, it is rejected. The other comparator
outputs, 4 x 1 and 4 x 0, end up high if the last four bits contained 3 or 4
ones or 3 or 4 zeroes, respectively. The example at the bottom of Figure 5-3
shows operation for a case where the sync. code is not found but the last
4 bits contained 3 ones.

5.2 Remote Memory Interface Unit

Another major element of the remote block diagram is the MIU which
is unmodified except for deletions of certain plug-in IC's and addition of
jumpers as described in drawing 911049, the RRM interconnect diagram. The
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ten single-wire jumpers replace gates so that this MIU does not have the
color 15 non-overwrite property of the Master SCRM MIU. The small
jumper cable, described in drawing 911155, is used to bypass the
contouring circuitry which is not used in the RRM MIU. The 4-bit
color/intensity code thus goes directly to the modify/restore logic

(see Figure 5-4) but gets from the DRU to the MIU via four of the eight
twisted pairs formerly vsed for digital video DV. This MIU is not
interchangeable with those in the Master SCRM which have been modified
for the multiplexed memory buss and DDI interface.
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#IU'S ARMOVED

AISY CHAINED 1HRU MIU'S

Figure 5-4, Memory Interface Block Diagram (Remote)
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INTERFACE ENGINEERING

o e o
=

DIRITAL
TRANSLATOR

z:] BINARY ANGLE TO
SCALED BCD
HRSAROARIRS MODEL DD107
STOUGHTON, MASSACHUSETTS
FEATURES APPLICATIONS
DESCRIPTION
0 FAST ~ 500 Nanoseconds | ® INTERCOMPUTER CODE
The DD107 Digital Translators accept O PRECISE ~0.01° Resolution CONVERSION

the binary digital representation of
angle (MSB = 180 ) and develop the
angle scaled BCOD equivaient. The
translation 1s performed by normaliz-
ing the input data with a scale factor
and then converting the result into
8CD

The DD107 5 s a fast, high resolu-
tion, ripple-thru translator which ac
cepts up to 15 bits of binary angle
data and provides an 18 line BCD
output with a resolution of 01°,

The DD107-4 accepts a 12 bit binary
nput and delivers a 14 line 4 digit
BCD output. This model contains an
input storage register and can be oper-
ated in either continuous, data freeze,
or sampling modes of operation.

Input and output logic levels are
DTL/TTL compatible. Accessory 4
and 5 decimal digit panel displays with
decoder-drivers are available as option-
al accessories.

The translators are fully encapsulated
in low protfile cubes, Pins are arranged
in groups of 7 on .100 centers permit-
ting direct plugin to wirewrap planes
or PC boards.

[J CONVENIENT  —Compact and
logic compatible.

@ NUMERICAL ANGLE DISPLAYS
® BINARY CONTROL OF

BCO SHAFT POSITIONERS
SPECIFICATIONS
ELECTRICAL
RESOLUTION
MODEL IN OUT FULL SCALE ACCURACY  STORAGE
DD107-5 16 Bits  0.01° 359.99° +.015° External
DD107-4 12 Bits 0.1° 350.9° +.065° internal

LOAD COMMAND (DD107-4).......... ...
LOGIC LEVELS .....ooiiiiniiiiniiiniiennne

LOADING - Input .....
Qutput

Positive True, 100 nanosec. min,
Positive True DTL/TTL compatible
True = +2.0V to +6.5V

False = OV to +0.8V

.. 4 Standard TTL loads max.

4 Standard TTL loads max.

INTERFACE ENGINEERING INC
26 LINDELOF AVENUE BOX 360
STOUGHTON, MASSACHUSETTS
Calt (817) 3447393

POWER REQUIREMENTS .......coevnnnne +5VDC16% @ 760 MA
PHYSICAL
OPERATING TEMP. RANGE ..........0° 10 +70°C
STORAGE TEMP RANGE ...... .-54°C to +86°C
RELATIVE HUMIDITY ....cooevnnnne 100% non-condensing
LTy e | Fe e SO SR TN R 3"Wx4"L x 0.4"H
B o o s .020" round, gold plated,
0.260" long min.
ST hiniiciviceanrsavbnimesnenrtifediie 5 ounces
BOTTOM ViEw 0 v
i = [ BT TSR COETIoN )
:., - ==y AL TRLT N S
3 t ,I".L »
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INTERFACE ENGINEERING
Qo 04
I =
. | z——l]
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INCORPORATED
STOUGHTON, MASSACHUSETTS

DIGITAL
TRANSLATOR

BINARY ANGLE
TO
BINARY SINE

MODEL DD108

DESCRIPTION

The DD108 angle translators are pure
ly digital devices which convert a bina-
ry nput angle to the corresponding
sine of the angle over an input angular
range of 90° or, when operated with
external gquadrant and complementing
logic, provide 4 quadrant operation
with both sine and cosine digital out-
puts. (Refer to Bulletin 271007)

The translators employ parallel ripple
thru memories and interpolation logic
providing a translation speed limited
only by propagation delays. The trans
lation speed, faster than equivalent
computer operations, permits the
translator to be time shared between
using hardware providing the inherent
precision of digital processing without
tying up a general purpose computer
on costly repetitive angle translation
routines. Alternatively, the translators
avoid the costs and accuracy degrada-
tion inherent in analog trig function
generators. Both models provide a
translation precision of 16 bits. The in
put resolution of the DDI0B-A is
088° and the input resolution of the
DD108-B is .011°

FEATURES {

(J FAST 0.75 and 1.2 usec.

{J PRECISE
(0 ACCURATE - 005° arctan

[J FINE - .088° and 011° steps l
16 bit output

|

|

|

APPLICATIONS

® SYNCHRO CONVERSION

® COORDINATE TRANSLATION
® SIGNAL PROCESSING

® RESOLVER COMPUTATION

® PATTERN GENERATORS

ELECTRICAL

DD 108-A INPUT
DD 108-8 INPUT
DIGITAL OUTPUT
ANGULAR RANGE

TRANSLATION ACCURACY

PROPAGATION DELAY

LOGIC

LOADING - Input

SPECIFICATIONS

10 bit binary angle, MSB ~ 45 LSB - 088

13bit binary angle, MSB - 45~ LSB - 011

16 bit binary magnitude Sine or Cosine

90° (Refer to bulletn 271007 for Sine and Cosine

Opersnon over 360“10"9!)

* 015% of full scale

t 005°arc (Sin/Cos)

0.75 microseconds
1 20 microseconds. .

DD 108-A
0D 1088

Positive true, DTL/TTL compatible
True = + 20V 1o + 55V
False - OV 10 08V

8 TTL loads max

Qutput 2 TTL loads max
POWER DD 108 A +5 VDC * 5% @ 600 ma
DD 108 8. +5 VDC * 5% @ 800 ma
PHYSICAL
OPERATING TEMP RANGE = 010 70° C
STORAGE TEMP RANGE -6410+125° C
SIZE ANDWEIGHT - DD 108-A... .3"W x 4"L x 04" °H, 5 ounces

DD 1088

L3"W x 4”L x 0.8"H, 10 ounces

PINS. 020" round, gold plated, 250" L min
Input and output logic levels are
DTL/TTL compatible. The translators
are packaged in compact fully encap- BOTTOM VIEW SIDE VIEW “oou s
sulated low profile cubes. Pins are ar- § ow 2
ranged as in-line groups of 7 on 100 “- C4- WOOULT WPUT OuTuT CONMICION
centers permitting direct plugin to -‘
wire wrap planes or PC boards. » . [IR ‘ T -
| - Taes “
» " .ot -
r ! £ :
| . LR «
! | : :
» " }.l» ’ - e 4 o F
- B NTERFACE ENGINEERING INC i . oo e "
86 LINDELOF AVENUE BOX 360 " = ;— ! - e
STOUGHTON, MASSACHUSETTS - - A
A -
Call (817) 3447283 o e {0 -1 ' _J
270928 PRINTED IN USA
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INTERFACE ENGINEERING
r G
INCORPORATED

STOUGHTON, MASSACHUSETTS

DIGITAL
TRANSLATOR

BINARY ANGLE
TO
SIN/COS CONTROLLER

MODEL DD 109

DESCRIPTION

The DD109 Binary Angle to Sine and
Cosine Controllers adapt the Mode!
DDI08 Binary Angle to Binary Sine
translators to full four quadrant sine
and cosine opsration

The controllers are purely digital
devices which determine the quad-
rant in which the angle lics, deter-
mine the polarity of the sine and
cosine outputs from the DDI08, and
route either the input angle or it's
twa's camglement to the input of the
DDI108, Inhibit logic is providedfor
forbidden two's complement codeas,

A single control hine selects the sine
or cosine output function. When the

line 1s Low the combined output 17 bit
code represents the sign and magnitude
of the Sinc of the input angie. When
the line is Highthe ocutput 17 bits rep-
resent signand magnitude of the Co-
sine of the input angle

The DDI09 will accept up to 15 bits
in binary angle and can be used with
either the DDIOBA (.088° LSB) or
DDIOBB (.011" LSB).

ELECTRICAL

Digital Input .. ........

Function Select

FEATURES APPLICATIONS
(With DD108 Angle to Sine Translator) ® SYNCHRO CONVERSION
{] FOUR QUADRANT OPERATION ® SIGNAL PROCESSING
{J BOTH SINE AND COSINE OUTPUTS

® COORDINATE TRANSLATION
[J 12 OR 15 BIT ANGLE IN
(0 17 BIT SIGN AND MAGNITUDE OUT @® COORDINATE TRANSLATION
0] ACCURACY #0.005° ARCTAN ® PATTERN GENERATORS
SPECIFICATIONS

15 bit angie (MSB = 180°)

Translation Accuracy (With DD108)

Magnitude . ..o coeverncnsevenans

Arc Sin/Cos Ratio . ............0.
Propagation Delay. ... ...coovvvvnnnn
Lagic Savenvene s
Loading .. Input .

Output. ... ..
POV, s vy esiove T R e
PHYSICAL

Operating Temp. Range ..

Storage Temp. Range ...

INTERFACE ENGINEERING INC
M6 LINDE LOF AVENUE
STOUGHTON MASSACHUSETTS
Coll (§17) 344 7383

Size and Weight . ... .. ... s Y

Pins

L R S s NPT, 5 SR e e seiect line low (0)
PRI & At e v~ s 6o 865 e WS R select line high (1)
Digital Outputs Quadrant
Polarity (Direct Output). . _11 Jiti v
Sine Polarity ...... Jere 0 1 1
Coning POIRTILY .« vvuvy o chinasvse 1 i 0
Angle to DDI08 (MSB - 45°)
B0 Belel o). o s o vs yhiwuas i Subhcs © 90°-0 @ 90°-9
Cosine Select .....ivscpocvins 90 - Q@ e 90 -@ (-]

t. 0]5?

+.00%

0.95 usec with DDI108A
1.50 usec with DDI0O8B

Positive true. DTL/TTL compatible
True = +2.0V to +5.5V
Falee ¢ 0 to 0.8V

3 TTL loads max
10 TTL loads max.

+5 VDC +5% @450 ma

0 to 70°C
<62 to + 125°C
2'"W x 4L x 0. 4"H, 4 ox.

. 020" round, gold plated
250" L min.
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© > angle measurement and control

BOTTOM SIDE
2 02002
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p CONNECTIONS
p— —— = 1o *
L] ————d
. M FUNCTION PIN FUNCTION PIN =
. . . o e c———
* Bit 1 In (180°) 25 Sign 26 —l
S0 ) e e TS R Bit2 In (90° 24 ——
P R S R Bit 3In (45°) 41  Bit 3 Out 3 i
. . Bit 4 In 39 Bit 4 Out 3 j—
b e A4 Bit 5 In 40 Bit 5 Out 1 —
. . Bit 6 In 38 Bit 6 Out 5
. . Bit 7 In 37 Bit 7 Out 8
29 — —— —— — lbe Bit 8 In 36 Bit 8 Out 6 —
nn‘ °° Bit 9 In 35 Bit 9 Out 7
Bit 10 In 34 Bit 10 Out 9 2
Bit 11 In 31 Bitl1lOut 15 e
8 Bit 12 In 30 Bit 12 Out 12 -
Bit 13 In 33 Bit 13 Out 13
Bit 14 In 32 Bit 14 Out 16
Bit 15 1n (LSB) 18  Bit 15 Out 17
:” T P 15 VCC + 5V 42 e
= . Common 27 Sin/Cos Select 23
M ol « )
. Y ——t
. .
o122 — 21e -*— —
| ) (s
- |
{ ‘ _[ 1
———1.800 ————={ k100 hAOOS
{ —> 3 |1GN
s/ ‘
seriec
\d
Oor0-6
=) D DD109 : bDbi08 SiN or COS
msD 180" MSB 4S5 eeTs

APPLICATION | INTERFACE ENGHNEERING DX
ASSISTANCE (617)344-7383 20 Lot L0P AVENLE




Am2502/2503/2504

Eight-Bit/ Twelve-Bit Successive

Distinctive Characteristics

Contains all the storage and control for successive
approximation A-to-D converters.

Provision for register extension or truncat:on.

Can be operated in START-STOP or continuous
conversion mode.

ximation Registers
Advanced Micro Devices
Complex Digital Integrated Circuits

® 100% reliability assurance testing in compliance

with MIL-STD-883.

® Can be used as serial-to-parallel counter or ring

counters.

® Electrically tested and optically inspected dice for

the assemblers of hybrid products.

o
FUNCTIONAL DESCRIPTION clock LOW-10-HIGH transition in order 10 guarantee correct resetting
The Am2502, Am2503 and Am2604 are 8-bit and 12-bit TTL Suc- After the clock has gone HIGH resetting the register, the § signal is
cessive Approximation Registers. The registers contan all the digital removed. On the next clock LOW-t0-HIGH transition the data on the
control and s1orage necessary 101 SUCCEssive apPIOXIMAation analog-1o- D input 15 set into the Q4(11) register bit and the Qgl10) register tit 15
dwgital conversion.  They can also be used in digital systems as the set to a LOW ready tor the next clock cycle. On the next clock LOW-
control and storage element in recursive digital routines. 10-HIGH transition data enters the Qg(10) register bit and Qslm 15 set
The registers consist of a set of master latches that act as the control 1o a LOW. This operation is repeated for each register bit in turn until
elements in the device and change state when the input clock is LOW, the register has been filled. When the data goes into Qg the CT signal
and a set of slave latches that hold the register data and change on the goes LOW, and the register 1s inhibited from further change until reset
nput clock LOW-t10-HIGH transition.  Externaily the device acts as a by a Start signal.
special purpose senal-to-parallel converter that accepts data at the D In order to allow complementary conversion the complementary

| mnput of the reqister and sends the data to the appropriate slave latch output of the most significant register bit is made availabie. An active
1o appear at the register output and the DO output on the Am2502 LOW enable input, E, on the Am2503 and Am2504 aliows devices to
and Am2504 when the clock goes from LOW-10-HIGH. There are no be connected together to form a longer register by connecting the
restrictions on the data input; it can change state at any time except clock, D, and § inputs together and connecting the CC output of one
during the set-up time just prior to the clock transition. At the same device to the & input of the next less significant device. When the Start
ume that data enters the register bit the next less significant bit is set signal resets the register, the E signai goes HIGH, forcing the Q7(11) bit
10 a LOW ready for the next iteration HIGH and inhibiting the device from accepting data until the previous
The register is reset by holding the § (Start) signal LOW during the device 1s full and its CC goes LOW. If only one device is used the E
clock LOW-10-HIGH transition.  The register synchronously resets to nput should be held at a LOW logic level (Graund). If all the bits are
the state Q,(11) LOW, (Note 2) and all the remaining register outputs not required, the register may be truncated and conversion time saved
HIGH  The CC iConversion Complete) signal is also set HIGH at this by using a register output gong LOW rather than the CC signal 10

| tme The § signal should not be brought back HIGH until after the indicate the end of conversion
Ao LOGIC DIAGRAM/SYMBOLS
- Catwnw. ey &
? | wes v |
| |
| |
1
XY Je .
1 x [
| | | q
Do Do | { - | | | | .
] s ! LA 4
I e ol | |
| | |
Adonil i 1
1 T | |
! d L i
| —— - Sa——

| 6 .

| ~ore O | |4

1.3 G 10gic s repnated for v -y R ) - i "

| eg ster stages v oull . b b ™

{ Qg to Qy AmM2502 3 L 3 veiaa A A A s 2 . Veg = Pin 16

Qg to Q) Am2504 Vee * Pin 16 GND = Pin 12
L 2 Numbers in parentheses sre for Am2504 YT B T1T oﬁg-mt YI]I‘I. TTII]I I NC = Ping 10, 18, 22

ORDERING INFORMATION CONNECTION DIAGRAMS
Am2602  Am2803  Am2604 TS5 viow
Package Temperature Order Order Order =i

Type Range Number Number Number - " ) B
- R -
Molded DIP 0°Cto +76°C  AM2502°C  AM2503PC  AM2504PC - B
Hermetic DIP 0°Cto476°C  AM2502DC  AM25030C  AM2504DC b E' < N <N
Mermetic DIP  -55°Cto +125°C AM25020M AM28030M  AM2504DM b bl - S - )
Hermetic Flat Pak -85°Cto +126°C AM2502FM  AM2503FM  AM2504FM ~ TR . 1 £
Dice Note AM2602XX  AM2503XX AM2504 XX g . S
” ~CY -

NOTE  The dice supplied wall contan units which meet both 0°C 1o

«76 Cand ~58 C 10 +126'C vemperature ranges

NOTE: PIN 1 is marked for orentation

o ——————————————
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature
Temperature (Ambient) Under Bias

Supplv Voluot to Ground Potential Continuous
oC Vonm Awlnd to Outpun 1ot H-gh Output State

DC lnpm Vomcn T
Output Current, | Im_o Outputs
DC Input Current

—65 Cto +150 C
—55°C 10 +125°C
0V5Vtw+7V
0.5 Vto +V¢g o max
05V 10+55V

. 30 mA

~30 mA 10 +5.0 mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted)

AmM2502XC Am2503XC Am2504XC Tp O0Cto75C - 50V 5%
AmM2502XM  Am2503XM Am2504 XM = -55'Cto+126'C Ve = 5.0V +10%
Parameters Description Test Conditions Min. Typ. (Note 1) Max. Units
T e
Vee = MIN. = -0.48mA |
cc - loH z
v Output HIGH Volt 4 j Vol
OH u! oltage j VIN'VIH"'VIL 2 | 36 i olts
+
| Vg =MIN, Ig =9.6mA
Voo l Output LOW Voltage | Vin= Vi or Vit 0.2 04 ‘ Volts
— - b - e R R
{ { { I HIGH {
Vin Input HIGH Level ?o\::::'f;d;n’l‘?:;ur‘u i ‘ 2. ‘ Volts
e — ~ SHSNUE ——-—l(————-~4-— i ~Jr-- — -
! \ i |
ViL Input LOW Level ‘l VGO':;:':‘;";:?:; u?‘gnu s I '1 ‘ 08 | Vol
—_— - e + — - - : —_
! Unit Load | r i i
(8 .; .
(Note 2) Input LOW Current | Vee MAX., iy = 0.4V ‘ : -1.0 -16 : mA
Bt T T e  ISPSEERENTER. SRS i 4
| - - “MAX,, Vj = 24V ' "
i _Input HIGH Current Vee VIN= 2 | 80 «© uA
(Note 21 — 2 e e < e s —en - — —t -
lnpul HIGH Cuncm Vee = MAX., Vi = 6.5V T 10 mA
L = + sttt il s ey % e
| Output Short Circurt Current Vee = MAX., Voyrt = 0.0V e -10 | ~25 —45 mA
s R e. (oo 4 -
XM 1
T Am2502 [_.__ﬁ,_ﬁ- ih)| i 8s -
XC i 7 65 9% £
XM 60 80
cc : Power Supply Current Voe * MAX. | Am2503 XC R —r——g———‘ mA
| PR 5 S0 N .
Mzw - m,
| : [ XC 90 124
Note )t Typical Limits are at Vee * Sov. 25" C ambient and maximum 108ding.
2 Actusl input currents are obtained by multiplying unit load current by nput load fector (See Loading Rules).
Switching Characteristics T = 25°C, Vg = 5.0V, C_ = 15pF
Parameters Description Min, Typ. Max. Units
tode Turn Off Delay CP to Output HIGH 10 % | ™) n .
et "rTm On omv?ﬁ'&m' ow 10 18 2 T j
[ wo) T “Setup Time Data Input i s e ‘. i |
'—'l.m | Set-up Time Start Input o TR 3 0 9 16 o Vo A S
T tpge (€ Turn Off Delay € to Qy(11) HIGH (Am2503/4) 13 19 nt ]
tpd-(E) | Turn On Delay € 10 0,(11) LOW Cp=H,8-L 16 2 ™ |
towl(CP | Minimum LOW Clock Pulse Width f 8 ™ e |
+ R S i e s i —————-——— - -
TowHICP) | Minimum HIGH Clock Pulse !an 4 4’ 8 ) ™ )
L Vmex “Maximum Clock Frequency Y L % 15 > MHz 1
A-7
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DEFINITION OF TERMS

SUBSCRIPT TERMS:

H HIGH, applying to a HIGH logic level or when used with Ve
to indicate fugh Vpe value

| Input

L LOW, applying to LOW logic level or when used with V¢c to
indicate low Vg value.

O Output
FUNCTIONAL TERMS:

Fan-Out The logic HIGH or LOW output drive capability in
terms of Input Unit Loads.

Input Unit Load One T2 L gate input load. In the HIGH state it
15 equal 1o ljy and in the LOW state it is equal to |y .

CP The clock input of the register.

CC The conversion complete output. This output remains HIGH
during a conversion and goes LOW when a conversion is complete.

D The serial data input of the register,

E The register enable. This input is used to expand the length of
the register and when HIGH forces the Qy(11) register output
HIGH and inhibits conversion. When not used for expansion the
enable is heid at a LOW logic level (Ground).

Qy(11) The true output of the MSB of the register.
Gy(11) The complement output of the MSB of the register.
Q@; i=7(11) to 0 The outputs of the register.

8 The start input. If the start input is held LOW for at least a
clock period the register will be reset to Q;(11) LOW and all the
remaining outputs HIGH. A start pulse that is LOW for a shorter
period of time can be used if it meets the set-up time require-
ments of the 5 input.

DO The serial data output. (The D input delayed one bit).

OPERATIONAL TERMS:
# Forward input load current.

lou Output HIGH current, forced out of output Vg, test

lor Output LOW current, forced into the output in Vg test.
Iy Reverse input load current
Negative Current Current flowing out of the device.
Positive Current Current flowing into the device.
Vi Minimum logic HIGH input voltage
Vi Maximum logic LOW input voltage
Vox Minimum logic HIGH output voltage with output HIGH
current lgy flowing out of output
VoL Maximum logic LOW output voltage with output LOW cur
nt gy flowing into output.
SWITCHING TERMS: ( Measured at the 1 SV logic level).
toq- The propagation delay from the clock signal LOW-HIGH
transition to an output signal HIGH-LOW transition
toq+ The propagation delay from the clock signal LOW-HIGH
transition to an output signal LOW-HIGH transition
tog - (E) The propagation delay from the Enable signal HIGH
LOW transition to the Q; (11} output signal HIGH-LOW trans-
ion,
tog+(E)  The propagation delay from the Enable signal LOW
HIGH transition to Qy(11) output signal LOW-HIGH transition
t,(D) Set-up time required for the logic level to be present at the
data input prior to the clock transition from LOW to HIGH in
order for the register to respond. The data input should remain
steady between t; max. and t; min. before the clock.
(S) Set-up time required for a LOW level to be present at the
input prior to the clock transition from LOW to HIGH in order
for the register to be reset, or time required for a HIGH level to
be present on S before the HIGH to LOW clock transition to
prevent resetting.
tow(CP)  The minimum clock pulse width (LOW or HIGH)
required for proper register operation,

A-8

R —— o ———— s - - - - — e




! Am2502/3 TRUTH TABLE
: 1
i Time Inputs Outputs
| W 6 §E 050,05 0, 0, O3 0y Q; Qy CC
* 0 ), A S 1 b RS R X X X X X X x
{ 1 D, H L X L T U " TR - THRANT NRA - [N, S | (MR
D H ] H 2] H = 2] 2]
R L D; Dy L
| 3 Bg H L Dgby Og b H H H H W b
| 4 D4 H L Dg D,; Dg Dg L o (R TR T T Y © 2
5 D3 H L D4 Dy Dg Dg Dy b Ho H MM
6 Dy, H L Dy Dy Dg Dg Dy D5 L H ¥ M
7 Oy HL 0, 0; Dg Dg Dy ..
| 8 Dg H L D, D, D » ) "
| 0 ! e 3
9 x ML Dg O, Dg Dg D4 O 3
10 X XA R Dy Dg De D4 O3

H - HIGH Voitage Level
L - LOW Voltage L evel
X = Don’t Care

NC * No Change

Note Truth Tahte tor Am2604

12 outputs

USER NOTES FOR A/D CONVERSION

The register can be used with either current switches
that require a low voltage level to turn the switch on,
or cutrent switches that require a high voltage level to
turn the current switch on.  (f current switches are used
which turn on with a low logic level the resulting digital
output from the register s active LOW  That is, a logic
1708 represented as a low voltage level It current swit
ches are used that turn on with a high logic level then
the digital output 15 active HIGH, a logic 1715 repre
sented as a high voltage level

maximum digital error of *.LSB the comparator
must e beased 1t current switches that require a high
voltage level to turn on are used, the comparator should
e brased *LCSB and 1t the current switches require a

¢ g level 1o turn on then the comparator must be
tiased LSB

rer, by suitable selection of resistor ladder net
WO k an be used to perform either tunary or BCD

NVersIon
te reqister can be used to perform 2's compiement

version by offsetting the comparator % full range
LSB  and using the complement of the MSB

Q5 (11) as the sign bt
I¥ the reqister s truncated and operated n the contin
nvers maode a lock up condition May occur on
KWer This situat in be overcome by making
TART put the OR function of CC and the appro
. 1 itput
|
. R ——

Am2502/3 TIMING CHART

3 B o i S 8 ey S s 59

FLIL s Lhe

i ; ey [HAEN FEEES TN paaeen MNWER o It SeE S T
% | £ CLRE 5
| s B
1 FERITIEE I SRR e Sl
% S - S
LR t
e oy W
{ ——J 7 j
i Ry ST el
, i TR LRI ]
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Am26502/3 LOADING RULES (IN UNIT LOADS)

—
|

Am2504 LOADING RULES (IN UNIT LOADS)

Input Fanout Input Fanout
Pin Unit Load  Output Output Pin Unit Load  Output Output
Input/Output  No.'s LOW HIGH HIGH LOW Input/Output No.'s LOW HIGH HIGH LOW
E aw® 1 2 2 - - PR N TN
| DO (2602) 1 - o, 7o IV 0D B e e A
S - AR SR, TR & E UM b S Do K
. % b TR e Ty e T SR RS- S Y. A 3N
’ Q, 4 = - 12 6 Q B - 12 ]
a 5 » B R Q, AT N NN W
2 M ~ELS S el R BNS = e
0, 6 : 12 6 0, 7 - - 12 6
o ; T e AR ~ -l
GND R = - “Q G i - i B
XF TR Bl ooy gend ~NC o S A e R e =
S S E e - 3 P i 8w g = -
Q, ] 2 = 12 6 ~ GND LA S R e R
Qg 12 = 3 12 6 cp 1 IR N S Gt L
Qg . S 12 6 S PIC sl s ok 0 WY
g, 14 - 12 6 __Nc 0 P TN N A el
0, LR S .. A .. SN
Vec 6 - - Q, 17 = 12 6
. T A 1 - - 1 ¢
MS| INTERFACING RULES AW i B i
Equivalent 09 19 - 12 6
Input Unit Load .. T a 12 5
Interfacing Digital Family HIGH LOW S - SO o
o AU g, n - -~ W 6
Advanced Micro Devices 9300/2500 Series 1 L = PRy L T YA TR
FSC Series 9300 1 1 "d‘"’ R N
Advanced Micro Devices 54/7400 1 1 Vee - e T -
| TI S!nes 54 ‘777400 ] 4 P o ,,_',__k .- e
| SRR R
| National Series DM 75/85 ISR
| DTL Series 930 12 1 NC = No Connection
i INPUT/OUTPUT INTERFACE CONDITIONS
Voltage Interface Conditions — LOW & HIGH Current Interface Conditions — LOW
QUTPUT DRIVING INPUT LOAD
LOw DRIVEN LOW
;:[ MONIMUM (0G I Yee e +
§ 1L BB e !
14 P— . . |
_: 12 m "m, " ‘ 1
&= Ot ] Vo L0GIC % | ¥
- I T Y HIGH (NPUT |
T - VOLTAGE |
: A
f "L On |
f % . i
! ¢ ook Vg vor m Az 0GiC - L
| 3 ¢ o o & -k VOLTAGE Current interface Conditions — HIGH
I o — S SR -~ g DRVEN MK
Ii O™y wG DR viCh ORIvEN DRV ICE » }
|
|
You, 'M, :
——————— - O b0 i
Yo, Vg = a——‘ (")
DRivinG ORivEN '
Dhvict oeviCE |
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Am2602/3/4 APPLICATION

e SEMIAL DATA OUT

12t san CONVE BSION
LR

1 ar%rﬂ———————l e

paa

or AmB686 very high speed comparator

ANaLO6 WY

This shows how the Am2502/3/4 reqisters are used with a Digital 10 Analog converter and a8 comparator t0 1orm g very high-speea cor:

tinuous conversion Anglog-to Digital converter Conversion time 13 imited mainly by the speed of the D/A converter and comparator with
typicel conversion rates of 100,000 conversions per second. A 10-bit cONtiNUOUS cONversion cen be performed by connecting 0‘ to 03
and using 0‘ a3 the conversion complate signal. The comparator can be the Am111 precision comparator, Am 106 high-speed comparator,

Am2502/3
16-Pin Molded DIP

PHYSICAL DIMENSIONS
16-Pin Hermetic DIP

16-Pin Flat Pak

- - ~ - -4 -
= AALAANNL - = .
o £ i
- | U )| ] —
¢ yYYyvryyyvyv . = =
g - 2 B -5 - 3L - -a £ toe N==
il e . l"‘ ‘ h - ' I -
H'E:u-rnﬂrw- : f : &7 . ‘QHF_H}.{;) :fﬁ = = 2w
ey oo ERR B - &
z- - B e g e e +—
Am2504
24-Pin Molded DIP 24-Pin Hermetic DIP 24-Pin Flat Pak
- - -
AOOLLOOD AAAMAAAAAAAR s
- 0 oK
b | - # Rt
¥ . C o S 1 } . 4
VY IVVYYYYVYYY
s - 2 - -2 - - -~ - - e \ o 8 4 S
o ] J
.' e
LT e L = S
s -- 5 - e o R - - R W —
- =g - - =
Metallization and Pad Layout
Am2502 Am2503 |
ADVANCED
MICRO
DEVICES INC.
901 Thompson Place
Sunnyvale
California 94086
(408) 732-2400
v o 1 TWX: 910-339-9280
L O BIEOm! L0 D W om0 O 20 o TELEX: 34-8306
Advanced Micro Devices can not assume responsibility for use of any circuitry dessribed other than y entirely in an A d Micro Dev
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PIN DESIGNATIONS AND CONNECTIONS

Models ESDC or ERDC, M or L (400 M2) Model ESDC-8 (80-400 Mz)
CONVERTER TRANSFORMER  CONVERTER
INPUT c;mntcnon ouTPuT INPUT  CONNECTION  CONNECTION  OUTPUT
ml' s S1
1,8V L-L, 800 Hz (ESOC-1). ;ss Synchro input: u
” MN!(ESDCH) S2 90V L-L, 50-400 Mz
M X Reference input IN high side)
26, 400 Wz (ESOC L), ) RH (high side) 115V 50400 Wz |RL (ow side
uusv.t_ooms(::nc H) RL (low side) m"g
Supplies * ; to
+IV@ SSmA 15V e
15V§ 30mA 15V W (no connection)
280mA + 5V T  connecttoT
Common GND V  connecttoV
U connecttoU
“0" forces INH
e g c Converter busy when logic “1" Power supplies *5%:
MSB 1 180° True Logic +15Y 75mA +15v
2 90 —~15V @ S0mA 15v
3 45 + 5V @ 400mA +5V
4 25 Common GND
: 'y 82s Logic 0" forces data hold INH
7 2813 c Converter buty when logic ‘1
povs - ' 1408 MsB1 130° True Logi
COCOMERtEh e 9 0.7031 oad -
y 10 0.3516 S/DCONVERTER 0~ 3 &
. 11 01758 :: e g ﬁgs
(114 'I {; gmm o £30C ' 6 5:“5
. ol | " 14 0.02197 @ a ; s ; ﬂg
.. - .- : . g
S Froa e b o I v . o
Cor e . e . 11 01758
o ) DO e30c sow, TRANS by Lok b 12 00879
. . o T .o . 1 13 0.04395
o e i : 3 o - 4 ooy
7
TOP VIEW OF MODULE TRANSSORMER MODULE CONVERTCR oBULE
SPECIFICATIONS WECHAmCAL
ELECTRICAL ESDC-M or L COMPLETE }ﬂ
TN el " Had
PARAMETER VALUE "
ACCURACY() ~4 minutes +00 LS8 ' ‘f
nn{iunqg _":t_i—‘ 14 Bits i
e B S Sy . SEE L
i " "
DIGITAL OUTPUT o::'lc.l ‘ m:‘.: l‘-n:: le .a]n
1 converter
SYNCHRO INPUT(/)() 11 8Y rms L-L 400 Mz into T0K() min. L-L belanced (IODC-L) ‘ {
S0V rms L-L 400 Mz into 600K() min. L-L balanced (E!
m:mu»mmmou‘nmn L-L balanced (E -1.__.1
SYNCHRO oii'u?"llvti(n M""“; oo w1 Sb) e
e u uo' /& 'ull lecuvuy' veet =1L ono' &w L]
: 5 - (H, L. or 6)
RESOLVRA NeUTEN "ﬂ - ti prf 3::_.3':_3 min £ Selanced (ERBSH) CONVERTER MODULE ONLY 0 o en
RESOLVER INPUT RATES() 010 380°/sec.,ful sccuracy RS N e
or S —————— " o ,.__ " o-————.l
v o g [—lll“ - l ™ |
REFERENCE INPUT(")I") ‘z..: " m: ™ 3 :: ‘(‘ﬁg o .m‘m r :3 o
: i 115V ot 2. 5mA rms 50-400 M | e e
POWER SUPPLY REQUIREMENTS() +15v ot TSmA, —15V at 8OMA,+ 5V at 400mA ' g 4
('VAceuracy 8pplies over w‘im. iomparaiure range, =89, varistion of power | e to
suaplies and » 10% y 3 R
{ E?m L o4 .
o [1) (]
"‘ mlulo on mm«‘mﬂm by specitying suftix FT :‘ q:
ENVIRONMENTAL o ffin L'_‘_.-'-_'.:J
TEMPERATURE RANGES e .
OPERATING ;G0 +°C H8OCH. L o0 &1 lml._u K1 s B
STORAGE —85°C 1o +198°C R m; I
anghemery  are
O™ RRETS REQUIREVENTS OF WIL.STD.202C. METHODS 2044, 1088 1078, 1018 - oh & a——
and 108 =
weivon uutﬂ.n::ll; -l
ot g
ORDERING INFORMATION for the isetateon —atm
To order nmm mode! des! .noe rpvp—— i::"::'.&w o
porsiure 18nge required (9.9 41 but Aot the 30 80 Nz tanslormer
motvie
A-12




Timing

Figure 6 shows the timing waveforms of the converters.
Whenever an input angle change occurs. the converter
changes the digital angle in steps of 1 LSB, and generates a
CONVERTER BUSY pulse. During the 3,8 “busy” pulse, the
oulput data is changing and shouid not be transferred into the
computer output buffer. The converter will ignore an INHIBIT
command applied during the "busy" interval until that inter-
val 1s over. A simple method of interfacing to a computer is
to (a) apply the inhibit, (b) wait 58, (c) transfer the data. and
(d) release the inhibit.

Although the computer usually will require that the data be
synchronized and loaded as described above, it can be read-
out asynchronously into a holding register using the trailing-
edge of the “C" signal to effect the parallel transfer. This is
shown in Fig. 7. In this configuration the data out of the
register will change smoothly fromen toan + 1.

Figure 6: Timing
'._ 60 us MIN“_’ |
CONVERTER "V —— OEPENOING i
BUSY (C) \ﬂ

L ollule
INHIBIT e \
APPLIED (INH) ¥ | l ‘
DATA TRANSFER LS u:ui I LS us-l l
\

Figure 7: Asynchronous Paraliel Transfer

Testing

Because of the high accuracy of these converters, only labo-
ratory-grade synchro or resolver substitution boxes or stand-
ards can be used. To avoid costly test equipment, we invite
you to use DDC's facilities for ‘‘source inspection,” at no
extra cost.

To test the unit, arrange your test equipment as shown in
Figure 8. A lamp-driver or suitable readout is necessary for
each of the data outputs. We recommend the circuit shown in
Fig. 5C. The Synchro Standard is set to the test angles. The
angles corresponding to the lights which are on are added
and compared with the standard angle. Maximum observed
error shall be less than =4 minutes 0.9 LSB over the tem-
perature range. A table of angles versus bits is given in Fig. 9.
A typical room-temperature error curve is shown in Fig. 10.
Each quadrant is identical, and error has been shown for the
fir:t quadrant. Error limits are also indicated for temperature
extremes.

Figure 8: Test Configuration

«1% *5 15 GND
o L 1Y

SYNCHRO LAMP ORIVER

STANDARD |2
R b3)

T

€s0C

-—J-—oluu' omvt%

Figure 9: Angles vs. Bits

1) 1 MSB 1 180
T Y€ D e 2 90
ol me | |unum : 25
£ROC : e 5 11.25
6 5.625
7 2813
8 1.406
10 8’33%
£ DCU 11 0.1758
12 0.08799
13 0.04395
Lse 14 0.02197
Figure 10: Typical Error, Minutes, Each Quadrant, 28°C for ESDC
: L SPEC LIMIT OVER TEMP
y n » N B e & \ " w8 w ANGULAR
s non IR RN 4 DEGREES
e

e
e ———————————

SPEC LIMIT OVER TEMP.
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AM PEX CORE
MEMORY
MODU LES,

250 NANOSECOND
ACCESS AND
650 NANOSECOND
CYCLE TIMES

Fast and compact
The Ampex 2045 core memory
s faster and more compact than
any other 20-bit word length
memory available to the OFM
Accpee Vim N re cycle time
res only 8 inches

whes deep x 2 inches

Unequaled packing density
You can store more than
160 000 bits in a1 sinale 2065
module which occupies only
170 ¢
All circ
three removable printed circuit
bonards
{ planar core-stack The

bic inches in your system

try is packaged on

data reaister, drive

compact dimensions of the 2065
provide inherent packaging
flewibility which is superior to
that of large sinale board
teme As a result, you have
more space available for other
important system functions

Quality assured reliability
The 2045 has more built-in
reliability than any comparable
OFEM memory. All critical areas
of the memory receive extra
attention, and design simplicity
s followed throughout
Conservative derating practices,
device qualification, and careful
component specification further
ensure overall reliability
Ruanedized construction used
throughout the memory makes
it particularly suited to industrial
applications. Every stage of
the manufacturing process is
closely monitorad by the Ampex
Qunlity Assirance Department in
accordance with MILQ-9858A

Simple interface,

easily expandable
Up to eight BK x 20 modules can
be combined in paralle! for a
capacity of 65,536 20-bit words
This flexibility permits the
addition of memory capacity
in increments to meet changing
system requirements. longer
words can also be accommo-
dated by combining modules
The use of module select
decode and negative-TRUE
open collector outputs makes
interfacing extremely simple

Faster switching,

broader margins
The 2065 uses 18-mil tempera-
ture stable cores to provide fast
switching and broad operating
margins across the full 0°C to
55°C operating temperature
range. Cooling requirements are
also simplified The planor stack
consists of up to twenty 8,192.
core mats with an integrated
circvit diode decode matrix,

A-14
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Ampex Computer Products Carporat on
13031 West JeHorsor Bouleword
Marina del Rey Caldorn o 20291

A Anye ’

Maximum output,

less noise
Coupled noise is reduced, and
a maximum output signal is
provided by high density core
packaging which permits shorter
sense, X and Y lines. Cores are
aligned in a double-herringbone
pattern with a center-to-center
spacing (in the sense/digit
winding direction) of less than
one-half the core diameter
Precise core alignment is
maintained by a proprietary
silastic bonding which dissipotes
core switching heat and mini-
mizes temperature gradients by
providing o thermal path to
the substrote
Only two voltages are
required +5 ond --15.

Temperature compensated
There is no need for power
supply temperature compensa-
tion, since drive current sources
are temperature compensated
in each module
All the interconnections within
the module between circuit
boaords are provided. No
additiona! low level back panel
wiring is required.

Modular interchangeability
Complete module-to-module
uniformity is provided by
optimization of memory timing,
drive currents, and threshold
levels in each module. Your field
suppor! and spares requirements
are greatly simplified by the
ability to interchonge ony
module within a system or
between different systems. Eoch
module is a complete memory
with self contained doto register
ond timing and control functions




2065 specifications

Access time

e time

C:l“/ic‘f-,

Operationol

Interface
charocteristics
Standard input
signal lines

250 nanoseconds

450 nanoseconds

2,048, 4 096, words of 10,
16, 18 or &bns in o single
module. Expandable in modules
to a capacity of 65,534 words
longer words can also be
accommodated by combining
modules

Read-Restore

Clear-Write
Read-Modify-Write

TTL negative TRUE logic is used

Address input
Dota input
Start input cycle (SIC)

Start output cycle (SOC)
Read-modify-write control
Module select inputs (used to
address separate modules in a
multi-module system)

A-15
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Standard output Data output

signals Unit available signal (memaor,
busy)

Data available signal
End of cycle signal
DC power requirement
Volinge Regulation Current {Max)
15VDC *3% 7 2 amps (20 bits
+5VDC 5% 4.5 amperes sourcs

Mo temperature compensation of either voltage

is necessory
Weight 401b
Dimensions 80 inches (2032 mm) high
10.0 inches (254 0 mm) deep
2 0 inches (51 mm) wide
(2 125 inches with optional
metal cover)
Operating 0°C 1o 55°C ambient
Enviconment temperature
Up to 90% relative humidity
with no condensation
MNon-operating ~55°C to +85°C ambient
environment temperature
Up to 95% relative humidity with
no condensation
Avoilable options Byte control {2 bytes maximum)
Zone control (2 zones maximum)
External iogic clear
(Internal logic reset to ready)
External memory register reset
[Output lines at high logic state)
External memory register transfer
{For byte or zone control)
Metal extractor handle
Metal covers

Typical Input Receiver Typical Output Driver

45V 5V 743
. (OPEN-COLLECTOR
Ai g ouTPyT)
3

*R1 and R2 will be as shown uniess otherwise specified

Lithe in USA. C 341 11772




1800 SERIES

AM PEX

CORE MEMORY
SYSTEMS USING
1800 SERIES
MODULES

Tailored to your needs
Complete Ampex 1800 Series
core memory systems are
designed to provide exactly the
configurations and capacities
you need for specialized OEM
systems-at off-the-shelf prices
There are stondord config
urations which accommodate
from two to eight memory mod-
vles Any desired combinction of
standard or special interfaces,
power supplies, testers, or blow
ers can be specitied System
copacity extends all the way to
45,536 18-bit words. Word s ze
s completely flexible—9, 12,

18 bits or longer if you choose
230, 250, or 340

Access time

) conds, and cycle times

e 600 450 or 850 nanoseconds
wepending on the mode! you
lect (Detailed performance
1 spe ¢ hication data on 1800

Series core memories s con

taned in individual Ampex
product sheets on the (olmwmg
models 1840, 1865 1885, and
the rugaedized 1800M Series |
Lower design costs

You get a customized memory
system — ready 1o plug in — for

nly a httle more than module
prices You save even more
money and time becouse your
avalable design manpower can
tevorte more effort to other

ortions of the system

Higher packing density

Eoch of the bosic 1800
Series memory configurations is
caretully designed to provide
maximum compactiness and
space-saving You can build

1 comple'c Ampex memory
system into your own system
without sacrificing space
required for other important
system functions

Standard or special

interfaces
There are no interface problems
when building the 1800 Series
into your system. A stondard
interface is included, and spoce
is provided in the memory cord
cace for any speciol interface
you may require. If you wish, we
also can supply special inter-
face cards designed to your
specification

Fast, reliable, and
expandable
The 1800 system is more than
a fast, modular, building block
memory customized to your
specific raquirements It also has
tradtional Ampex reliability, full

temperature ronge performance,

ond interchangeability
The MTBE is 10,000 hours, with

Ampex Computer Products Corporation
13031 West JeHerson Boulevard
Moarina del Rey, California 90291

A swbvdary of Ampes Corporaton

an operating range from
0°C to 55°C. For applications
requiring a ruggedized memory,
the 1800M Series with an
extended 0°C to 70°C tempera
ture range and resistance to
shock, vibration and dust can be
specified. All Ampex 1800 Series
memories are completely uniform
from module-to-module and
can be interchanged within o
single system or between
different systems.

Optional subsystems
You can select as many or as few
subsystems as you need. These
include 115V or 220V blower
assemblies, one or two 115V or
220V power supplies, and an on
line tester which con completely
check out total sy stem operation
Standord connectors are sup-
plied with all contigurations




Two module configuration with interface card,
power supply, connector assembly, and blower
assembly

Eight module configuration with I/O connector,
and space for interface

checking-ou! total system operation is avaitbble
with most 1800 Series module configurations
Optional 115V or 220V power supplies also can
be selected, os well as optional 115V or 220V
blower assemblies All configurations have
standard connectors

An optional on-line tester capable of completely

AMPEX

Ampex Computer Products Corporanorn
13031 Wes! Jefferson Boulevard
Morina del Rey, California 20291

A biwbo

+ Ampee Cruponiton

Eight module configuration with two power
supplies, blower assembly, 1/O connector, and
space for interface

Snace b
Tntrac
ot Heauin

Four module configuration with power supply,
blower assembly, 1/O connector, and space for
interface

Power Suppiy

intertace Cards
7 ot Reauircs)

g

o

Four module configuration with power supply.
blower assembly, 1/O connector, air inlet grill,
and space for interface

LithonUS A CI90 1172
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Installation and
Operating Instructions

Color Television Monitor
Model 5111
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GENERAL DESCRIPTION

FEATURES

*Preset controls for contrase, brightness, and chroma
*Continuously variable aperccre correction
*Negative black matrix shadow mask CRT
*Solid-state circuitry

*All setup controls from accessible pull-out drawer

*Advanced mechanical design assures structural in-
tegrity ig all mounting configurations

DESCRIPTIVE INFORMATION

The advanced design of the electronic circuitry in the
5100 Serics is such that the CRT itself becomes the
limiting factor in performance. A keved backporch
clamp maintains true black level when operating with
either composite or non-composite video. New oper-
ator conveniences include the addition of preset con-
trols on all versions for contrast, brightness. chroma
and phase.

All secondary controls and adjustments are located in
a pull-out drawer below the picture tube. This loca-
tion provides maximum operator convenience, pre-
vents unauthorized tampering and gives the monitor
a clean, eye-pleasing apperance.

The chassis is arraved in “"U" configuration, permit-
ting physical separation of power supply deflection
from video amplifier /decoder circuit stages. Modular
circuit boards and power supplies are interconnected
by a quick-disconnect wiring harness, thus simplifving
maintenance procedures.

External packaging is compatible with the most up-

to-date installations and employs front and back
frames. Aluminum extrusions, running from front (o

back at each side, suppore full-length recessed carry-
ing handles. Sheet metal covers, above and below the
extrusions, complete the package.

APPLICATION

The 5100 Series 19- and 25-inch television monitors
are especially useful for group viewing in auditor-
iums, classrooms, lecture halls, industrial training
areas, hospital paging systems, preview rooms, and
other audience viewing applications. Rigid mechanical
construction throughout assures structural integrity
and protects all components. This is of particular im-
portance for applications where monitors must be
moved from location to location or hung from ceil-
ing, wall or floor stand.

All units comply with US. Department of Health,
Fducation and Welfare X-Radiation Safety Rules,
21 CFR. Subchapter ], applicable at time of manu-
facture.

PRODUCT IDENTIFICATION
First character — Identifies the Series (5)

Second character — lIdentifies the significant update
level (1)

Third character - Identifies cthe option package (1=
Standard Package)

Fourth character — Identifies the color decoder stan-
dard (0= Not Used; 1 =RGB: 2 - NTSC: 3=PAL
B: 4= PAL M: 5- SECAM 50; 6 =SECAM 60)

Fifth character — ldentifies mechanical configuration
(C=Cabinet: N = Naked, or Chassis; RS=Rack
mount with slides: Y = Yoke, or Bail Mount)

Final characters — Identify the size of the CRT




TECHNICAL SUMMARY

ELECTRICAL SPECIFICATIONS

Input Power

Input Signals

Video Input

Video Response
Differentiol Gain
Aperture Correction

Decoder Accuracy
Linearity and Geometry

Convergence

Color Temperature

Color Temperature
Accuracy
Interloce

Roster Size Regulation

Black Level Stability

Voltage: 100V -+ 10T, 50/60Hz
120V + 109, 50/6G0Hz
220V + 10%., 50/60Hz
240V < 10%, 50/60Hz

Power: 125 watts, nominal
Power
Connection: Captive 6-foot cord with three-prong connector plug

Composite: Loop-through or switchable to internal 75Q termination.
1.0V peak-to-peak. nominal (0.35V to0 2.0V)
Sync is negative.

Non-
Composite: 0.7V peak-to-peak, nominal (0.25V to 1.4V), Black negative.

Return Loss:  Greater than 40dB

Monochrome signal applied + 1dB to 5 MHz

Less than 59, for luminance of GfL to 20fL.

A continuously adjustable front panel control provides up to 6dB boost at 3 2MHz.

Decoder error less than 1.5°.

No point on raster deviates from its proper position by more than 29, of raster
height.

On the 19-inch models, does not deviate more than .040" or 1.02mm (.051" or
1.30mm on 25" models) from piccure height in a centrally located area bounded by
a circle. The diameter of this circle is equal to the picture height. Elsewhere, the
deviation does not exceed .080" or 2.04mm (.100” or 2.54mm on 25-inch models).

The range of RGB pain adjustments is sufficient to permit setting white color tem-
perature to 6500°K (factory setting) or 9300°K.

Color temperature of white does rot change by more than one MPCD unit betwzen
monochrome and color input signals.

Better than 9077

Less than 19, change, 09, to 1007, APL (Average Picture Level) at peak 20fL
luminance.

DC restorer maintains black level shift less than 1€}, of peak luminance from 106
to 907 APL.

Discernible Shodes of Gray 10 minimum.

Vertical Retrace Time
Merizontal Retrace Time
Radiation

Ambient Temperature
and Humidity

1000,.sec nominal.
10usec nominal.

All units comply with the U.S. Department of Health, Education and Welfare
X-Radiation Safety Rules, 21 CFR, Subchapter ), applicable at time of manufacture.

10 to 50°C operating temperature; 10% to 907 relative humidity; no condensation.
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MECHANICAL CONFIGURATION

Construction

Frames

Weight

The chassis, which is censtructed of heavy-gauge aluminum, is arrayed in "U"
configucation, permitting physical separation of power supply deflection from video
amplificr/decoder circuit stages. Modular circuit boards and power supplics are inter-
connected by quick-disconnect wiring harnesses, simplifying maintenance procedures,

External packaging is compatible with the inost up-to-date installations.

Aluminum extrusions, running from fronc to back at each side, form full-length
recessed carrying handles. Sheet mecal covers, above and below the extrusions, com-
plete the package. These are easily removable for maintenance purposes. Conversion
from cabinet to rack mounting is accomplished by removing the sheet metal covers
and side extrusions and instulling rack rails. The CRT is }n’nishcd in black and all
exposed knobs and switches are dull finish plated for minimum viewer distraction.

MODEL NET WEIGHTS SHIPPING WEIGHTS

5100C19 99 Ibs. 112 lbs.
44.9 kilos 50.8 kilos

S100RS19 98 Ibs. 111 lbs.
44.5 kilos 50.4 kilos

5100Y19 99 lbs. 112 lbs.
44.9 kilos $0.8 kilos

$100C25 146 Ibs. 158 Ibs.
66.2 kilos 71.7 kilos

5100Y25 146 1bs. 158 lbs.
66.2 kilos 71.7 kilos
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B General DataComm Industries, Inc.

131 DANBURY ROAD, WILTON, CONNECTICUT 06897, TELEPHONE (203 762-0711

GDC 201-9(R) LSI

P SYNCHRONOUS MODEM

FEATURES:
o LSI Technology
o 2000 02400 bps Operation

e Remote Analoop® and Dataloop® Addressable
Diagnostics for Point-to-Point and Multipoint

Applications /
o Dial or Dedicated, Two-Wire or Four-Wire /
Operation /7
e Stand Alone or Rack Mount //
o Alternate Voice /
¢ Secondary Channel, Forward or Reverse /
Operation {
* WECO 201A or 201B Compatible -
e Local Analoop® and Loopback Self-Test ‘\\ i
APPLICATION

The General DataComm 201-9(R) is a synchronous 2000 or 2400 bps modem designed to operate over
unconditioned 2- or 4-wire type 3002 private lines or over the DDD switched network via the Manual Data
Coupler CDT (10C0A). The GDC 201-9(R) is fully compatible with WECO 201A (2000 bps) or 2018 (2400 bps)
data sets. Standard features include automatic fast sync, clear to send delay, carrier detect, external/-
internal transmitter timing and MARK hold on receive data when carrier is lost.

Available for rack mounting (201-9R) at the CPU site or as a stand alone, single channel subset (201-9)
for remote locations, the General DataComm 201-9 (R) LS| modem incorporates unique diagnostic functions
which permit local verification of modem and system operation ‘vithout the need for special tools or test
equipment.

The unit is also available equipped with a diagnostic control card which permits the use of remote
addressable diagnostics on a multipoint system. Simple front panel diagnostic switch controls and
lighted indicators on both configurations provide complete performance assurance at your installation.

f__ GDC 201-%R) b UNIQUE DIAGNOSTICS ' 45 .
§ [ ——— AS Unsurpassed local and remote diagnostics mhereqt in the
& 4..'_.'_".‘_‘1_'_‘. 23 GDC 201-9(R) provide for rapid trouble shooting within the
& e——— -~ REC = = 3% entire communications system. The remote Dataloop® diag-
. DATALOOP® .= nostic feature of the 201.9(R) provides remote loopback of
:: ————— g; the modem on the digital side in either point-to-point
g - = XMT e/ g 1 or multipoint systems. The unique Analoop® diagnostic
= - - REC --.._..___._g command will loop the local or remote modem back on itself
¥ ANALOOP® £ on the analog side, as well as the private line's receive side
: 3;‘ to the transmit side.
g "o TS I 7 el s? In multipoint applications an Address Generator is provided
i.___._‘-_.gc__.}..___: which generates a unique address associated with each
b TOOPBACK =§ remote modem. Therefore, by use of the Analoop® and
3, | Dataloop® diagnostics, each individual remote focation can
TEST Moots be analyzed with respect to terminal, modem, or private line
N LOOPRACK failure. This concept of Addressable Diagnostics allows a




GDC 201-3(R) LS} SYNCHRONOUS MODEM

user to isolate faults in a matter of minutes.

In addition to the remote Addressable Diagnostic
features, there are others which aid in diagnosing
system problems. These include a Test Gener-
ator/Recognizer and an Alternate Voice facility.
The Aiternate Voice facility includes Ring Signal
transmission circuitry, Ring Signal indicator, and
interface for the GDC auxiliary telephone set.
The auxiliary telephone set provides alternate
voice capability and also monitoring capability
without interfering with data transmission.

SPECIFICATIONS

Operating Modes: Simplex or haif-duplex on two-
wire lines and half or full
dupiex on four-wire lines;
strap selectable between two-
wire and four-wire operation.
Differential phase shift keyed
1800 Hz carrier, four phase.
Transmit signal includes full
bandwidth required for WECQ
201 compatibility.
Operating Speeds: 2000 or 2400 bits per second,
serial, synchronous on DDD
or unconditioned 3002 lines.

Modulation:

Carrier Detect
Response: Operate Time 10 =1 ms
Release Time 8 =x1ms
+2 to —10 dbm, adjustable via
calibrated potentiometer.
Nominal —10 to —40 dbm,
adjustable via calibrated po-
tentiometer. Dynamic range
+15 db around nominal.
(strap selectable)
Internal:
2000 or 2400 Hz +0.01%
square wave
External:
2000 or 2400 Hz =0.01%
square wave
50 =5% duty cycle

Transmit Level:

Receive Level:

Transmit Clock:

— ist 2

Receive Clock: 2000 or 2400 Hz square wave
synchronized with incoming
data. Receive data transition
coincides with positive edges
of clock.

Fast Sync: Provides for externally im-
posing Fast Sync where time
between messages is less than
10 ms.

Equalizer: Statistical equalizer provides

equalization of most common-
ly encountered telephone line
amplitude and delay charac-
teristics.

EIA RS-232B/C

Compatible: Input:

SPACE (or ON) +3to+25V
MARK (or OFF) —3to-25V
Output:

SPACE (or ON) +1lto=1 V

MARK (or OFF) -10 =1 V
Power Supply
Requirements: AC Power: 115 V, 60 Hz
15 Watts
Operating Temp: 0 to 70°C
Storage Temp: ~20°C to 85°C
Rel. Humidity: 5% to 35%

ORDERING INFORMATION

Specify:

Configuration

List 1 20C0 bps Operation

2300 bps Operation

Options

List 3 Remote Diagnostics

List 4 Singie Channel Address Generator/Tele-
phone

List 5 Rack Mount Address Generator/Tele-
phone for up to 12 mocems

List 6 Remote Telephone for Aiternate Voice

List 7 Reverse Channe! (75'110 baud)

List 8 Secondary Channel

For additional information, contact:
Marketing Department
General DataComm Industries, inc.
131 Danbury Road
Wilton, Connecticut 06897
Telephone: (203) 762-0711
TWX: Wilton 710-479-3210
TWX: Montreal 610-421-3221
Telex: Brussels 846-26808

Printed in USA

) General DataComm Industries, Inc. 1973
® Registered Trademark General DataComm Industries, Inc. SDPLSM
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MODEM JUMPER POSITIONS AND CONTROL SETTINGS
FOR DIRECT 4-WIRE INTERCONNECTION

CARD Position Jumper or Control Name Position
201 RCV Top CCITT B
SCRAMBLE ouT
FST SYNC OouT
Y
201 T/R Center SCRAMBLE OuT
CAR NORM
XMT VAR
XMT POT -10 (dBm)
A/B B
TMG INT
RCV VAR
RCV POT -10 (dBm)
EQ ouT
2W/4aW 4W
2W/4W 4W
CB 8.5
CB/8.5/115 8.5/175
s5Q 100
XMT/RCV 4w
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INFOTON « SECOND AVENUE, BURLINGTON MASSAChUSETTS 01803« AREA CODE 817 272-0680

DIVISION OF OPTICAL SCANNING CORPORATION

SPECIFICATIONS

The INFOTON VISTAR,/GT is a stand-alore alphanumeric display terminal for use in
data entry and retrieval systems where a highly fiexible interaction between man and
machine is desired. The VISTAR/GT incorporates such important standard features as
conversational mode, and an Infotone vwhich operates on the bell code. Complete
specifications are hsted in INFOTON Document No. 02421.

1.1 BASIC SYSTEM

Power
Temperature

Humidity
Dimensions
Weight

Screen Size
Display Size
Characters/L.ine
Lines

Line Spacing
Character Format
Character Spacing
Character Size
Character Repertoire
Refresh Rate

Cursor
Transmit Data

1.2 STANDARD INTERFACE

Domestic: 100 watts, 105-130 volts; 60 Hz

Export: 100 watts; 105-130, 210-260 volits; 50 Hz
Operating: 0 to 50°C

Storage: ~30° to 70°C

0% to 95% non-condensing

13 inches high, 19 5/8 inches wide, 23 3/4 inches deep
35 pounds

12 inch diagonal

8 1/2 inches wide, 6 inches high

80

24

0.45 character height

5 x 7 dot matrix

0.4 character width

0.08 x 0.19 inch nominal

64 ASCII
Domestic: 60 times a second
Export: 50/60 times a second

Non-destructive blinking underscore
Character by character as entered by the keyboard.

The Asynchronous Serial Interface is a multi-purpose serial data interface which provides

maximum flexibility in operator switch selectable data rates, and operation modes that can
be applied to allow operation under a wide variety of serial data input and output situations.
A panel at the rear of the display contains switches and connectors that allow the operator

to match both the standard EIA RS232C voltage interface and the Teletype* compatible
20/60 mA current loop interface for serial communications and computer interfaces.

*Reyistered Trade Mark of Teletype Corporation
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INFOTON « SECOND AVENUE, QURLINGTON, MASSACHUSETTS 01803+ AREA CODE 617 2726660
DIVISION OF OPTICAL SCANNING CORPORATION

The operator selectable functions include the following:

1.

~NOoO ML WN

Eleven Receive data rates — 75, 110, 150, 300, 600, 1200, 1800, 2400, 4800,
7200, and 9600 bits per second

. Anexternal TTL clock input

. Full or Ha!f Duplex

. Ten or eleven bit code selection (one or two stop bits)

. Odd, Even, or Mark Parity

.20 or 60 mA Teletype * compatible current loop interface

. EIA RS232C interface - Interfaces to Bell system Type 103A, 103F, 202C, 202D

modems or equivalents

*Registered Trade Mark of Teletype Carporation
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TRACKBALL
MODEL 628

for
GRAPHIC DISPLAYS

AIR TRAFFIC CONTROL
RADAR CURSORS
MACHINE TOOL CONTROL

A small size trackball built to meet rugged envi-
ronmental requirements is now available from
stock in sample quantities,

EASY TO OPERATE

The Model 628 trackball is a fast and accurate
2 axis manual positioning device requiring a
minimum amount of operator training and skill.
Electrical signals proportional to magnitude and
direction are resolved into X and Y components
as the ball is rotated by the operator. Typically,
bi-directional optical encoders are used that pro-
duce TTL pulses on an “up-count” or a “down-
count” line.

DESIGN FEATURES

A 3 inch dia. ball in a 4.5 inch square package
only 2.25 deep make this product a real space
saver suitable for all but the most compact con-
sole designs. A drip-proof seal is standard on all
models.

SMOOTH MOTION

Unique bearing and pick-off wheel designs provide
this unit with the Jowest operating force available.
Tangential force required to move the ball in any
direction is less than 2 ounces. Additional friction
can be readily added to hold the ball from turning
for turbulent environment applications,

MEASUREMENT SYSTEMS, INCORPORATED

MODEL 628 square waves

Uses long life optical shaft encoders that produce
square waves in quadrature as the ball is rotated.
The standard rate is 300 complete cycles per
rotation of the ball. Output levels are TTL com-
patible, positive 5 volt. Other pulse rates available.

MODEL 628-1 potentiometer

Features multi-turn potentiometers that rotate
full range for 3 turns of the ball. Resolution is
03% for standard 10k ohm potentiometers. Other
resistance values are available.

MODEL 628-4 TTL pulses

Identical to the 628 described above but with an
additional logic circuit built into the package.
Output becomes TTL pulses on an “up-count” line
or & “down-count” line depending upon direction
of rotation.

REPRESENTED R,
TEKDAT

DEC. 73

MEASUREMENT SYSTEMS, INC. . . . 523 WEST AVENUE, NORWALK, CONN. . . . 203 838-584).




MODEL 628 TRACKBALL

pe-.258 TYP AS6 == 2.25 -
RS RSt
o B e
YRR 40
4,000 -® -+ A
3.312 DIA
’*— - e
1.750 %%LD.A/ i
| N
: 1 {
/ [ 3 T’l | L—-—-——_——.J
R 4.50 SQUARE — - P

P, .. Connector Location shown is for Model 628-1.
10-32 UNF x .38 DEEP Connector Location for Model 628, and 628-4
4 PLACES is diagonally opposite (in lower left position).

SPECIFICATIONS
Weight .............. R e S Less than 2 lbs
Tracking Force ..................... Nom 1.5 oz, Max 2.0 oz
MO ...ollia i salush Aluminum Casting, Black
Environmental Seal ............c.cccoccoovounrievniiieeirens Drip Proof MIL-STD-108
BEEBE okl bt 25,000 Hours ' |
Power Requirements, Optical ..........cccoeoverevcnesn. + 5vde, 400ma
Connector ...... 5 Amphenol 67-02E-14-12P
Counts per Revolution : 300 Standard, other counts available
MODEL NO. RESOLVER OUTPUT, EACH AXIS
628 Optical Square Waves in
Encoders Quadrature +5V
628-1 Multi-turn 10k ohm, 1 watt, .03%,
Potentiometer 3 turns full range
6284 Optical TTL Pulses on “Up” or
Encoders “Dowr” line

SPECIFICATIONS SUBJECT TO CHMANGE WITHOUT NOTICE

MEASUREMENT SYSTEMS, INC. . . . 523 WEST AVENUR, NORWALK, CONN. . . . 203 §34-8841.
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~DATE
. * 4 SYSTEMS, INC.

FEATURES

P 10 & 12 Bit Resolution

P Selectable Input Ranges

P 20 & 40 usec. Conversion Times
P Unipolar or Bipolar Operation
P Input Buffer Option

P Paraliel & Serial Outputs

GENFHAL DESCRIPTION

The ADC MA series A/D converters consist
ot 10 and 12 bit resolution models with 20
or 40 microsecond conversion times. These
umits feature high performance and versa
tility at a low price

The exceptional versatility ot the ADC-MA
series 1s seen in the followng features
Single-ended input voltage ranges of 0 to
45V, 0 to +10V, 5V, and + 10V are pin se
lectable by the user In addition, an internal
high i1nput impedence buffer amplifier s
available as an option. This amplifier gives an
input of 1000 9o on all
voltage ranges. Without the amplifier the in
put impedances are 2.5K, 5K, and 10K ohms
on 5V, 10V, and 20V full scale ranges respec
tively. Digital output data s available in
either parallel form or serial NRZ tormat
with synchronizing straobe pulses. Serial data
n straight binary for unipolar ops and

ok A

e

TIIIT

[ }—
e .

i

souRce |

DIGITAL/ANALOG CONVERTER

aeremence |

T 4 T O
| |

PROGRAMME R

LLL L_l,,LLL
B

~esenanc
TRt
v

Smh

offset binary for bipolar operation. Paralle!
data s straight benary for unipolac operation
and offset binary or Two's compiement for
xpolar operation The ADC-MA units can
operate either internally or externally
clocked. In addition, the internal clock rate
can be decreased by use of an external
capacitor

The ADC MA series uses the successive
Wpprox hnigue to ach excel
lent linearity, speed, and stability. Tempera
ture coefficient is held 10 +30ppm/ C for
gan and :5ppm/ "C for offset \n unipolar
operation. Tight temperature tracking of the
weighted current sources results in mono-
tonic operation with no Missing codes over
the 0'C 10 70°C temperature operating
range

These converters are encapsulgted ina 4 X 2
% 04 inch module with DIP compatible
100" pin spacing  Input power require
ments are t15VDC and +SVDC and are
sveilable from Datel’s line of modular power
supplies. All digits! inputs and outputs are
DTL/TTL compstible.

MECHANICAL DIMENSIONS

INCHES (MM)

oe

deeledots

INPUT/QUTPLT
CONNECTIONS

FUNCTION |PIN

FUNCTION

Signel input

[Signei Gna__ |39 ]

S va_l_:_g:
gv Tnpu
LAAET

Gein Agjust | 38 | Cioch in

ECECCCEECCORRRRRAE

| Closk Output
| Svobe Outpur |
TBE M




Input Overvoltage . . . . .
input impedence

0w +8V FS Renge

8V and 0 %0 +10V FS Renge
210V P8 Renge .

mmmm
Start of Convarsion .

Oto +8V FS, 010 +10V FS,
25V FS, 110V FS
116V without demage to unit

2.6K ohm 2.6K ohms

8K ohms 6K ohms

10K ohma 10K ohms
1000 Megohms 1000 Megohms

+2V min. to +6.5V max. positive puise, DC coupled, with
durstion of 100 nsec. min. Rise and fa!l times 500 nsec. mex.
Three TTL loade. Logic 1" resets converter. Tr fon to

TECHNICAL NOTES

The ADC-MA series contains an internal
cock which is set to the meximum
conversion rate. This rate mey be de-

logic 0" initistes conversion.

Must be connected to Clock Output to use internsl clock.
Clock Input can siso be used with sn externsl clock.

Rate is internsily et to give maximum conversion rate of 20
or 40 usec. per conversion. This time may be incressed with
an externsl cap pin 31 (Clock
Rate) and pin 36 (Clock Out). See conversion time formuiss.

by ing an externs! capec-
itor between pins 31 and 36. The
approximate capecitor walue to achieve
the desired conversion time is shown in
the table at the bottom of the next pege.
The longer conversion time obtsined in
this menner does not improve sccuracy
but lt does permit competibifity or

10 Lines of data l 12 Lines of deta
Data is heid until next conversion commaend. Esch output is
capable of driving 5 TTL losds.
V out (Logic -
V out (Logic **

) € +0.4V
17) > +2.4V

Straight Binary, positive true.
Offset Binary or Two’s Compiement, positive true.

NRAZ (nonreturn to zero) successive decision pulse output
genersted during conversion with MSB first. Serial data is
straight binary for unipolsr operation and offset binery for
bipoler aperation. Output will drive 10 TTL losds. Two's
complement it not available with serisl output.

Available for serial deta synchronization. Serisl output is
usable on strobe puise lsading edges. Wiil drive 9 TTL foads.
Conversion status output. Logic "0 for conversion com-

plete, Logic 1" during resat and conversion period. Will
drive 10 TTL loads.

with interfacing equip-
n-m for meny spplications. To use the
internal clock a jumper must be con-
nected between pins 35 and 36. For
external clocking, which may be de-
sirable in some applications, the jumper
s removed and the externsl clock ap-
plied 10 pin 35. Use s symmetricsl 0 to
+5V square wave with & minimum 3.0
usec. period for the 40 usec. converters
and a8 minimum 1.6 usec. period for the
20 usec. converters. The Start Convert
pulse should have 8 minimum 100 nsec.
width end should not be made too long
since clocking begins on the falling edge
of this puise and, therefore, its width is
part of the total conversion time.

Anslog inputs are connected to pin 6
for 10V ranges and pin 5§ for the 20V
renge when the input buffer smplifier
is not used. The input impedences in
these cases are 5K ohms end 10K ohms

Temp. Costiicient of 2evo

BOR .o i w2 Gl e Complement of End of Conversion output. Logic “1" for
conversion complete and Logic '0"" during reset and conver-
sion period. Will drive 7 TTL \cads.

Clock Output . . . . . ... .. intarna! clock pulse train output gated on during
time.

Signel Output . . . . .. ... Output of optionsl internasl buffer amplitier.

PERFORMANCE
........... 10 Bits (one part in 1024) 12 Bits (one part in 4096)
Agcureey . . . . ... +.05% FS +%L8B £ 012%FS t%L88B
Lineerley . .. ......... +%LS8 +%LS8

Unipoter . . . .. ...... 5 ppm/° C mex. of Renge +6 ppm/° C max. of Range

Blpoer . .. ...... .. +10 ppm/°C max. of Range £10 ppm/° C mex. of Renge
Conversion Time, mex 20 or 40 usec 20 or 40 psec.

(depending on model) (depending on model)

Power Supply Sensitivity
(trecking 18V supplies)

W3 €0 65 g irbie v Wad +20 ppm/% 120 ppm/%

B v b 210 ppm/% l £10 ppm/%

+30 ppm/’ C max. of Reading +30 ppm/°C max. of Resding

POWER REQUIREMENT

+18VDC 0.6V @ 40mA, mex.

(with input buffer smplifier) ~16VDC 0.8V ® 45mA, maex.
+ SVDC 20.28V @ 200mA, max.
PHYSICAL-ENVIRONMENTAL
Tempersture Rangs | 0°C o 70°C
Storege Temperature Renge 85°C to +88°C
Rolative Humidity . . . . . . . Up 10 100% non-condensing
L N 4" x2"x 04"
Caso Materiet . . . . . ... .. Black Dially! Phthalate per MIL-M- 14, apoxy encapsulated.
R R L 020" round, go'd pisted, .280"" long min.
............. B or (227 gremw)
WMating Sockets (optionel) DILS 2, 4 required.

y. For the 0 to 5V range, pin
§ is connected to pin 20, thus parslieling
the two internal 5K resistors to give »
2.5K ohm input impedance at pin 6.

The end of conversion or status pulse is
vailsble st pin 33 and its complement
EGC is available at pin 43. Normelly the
EOC output is used to control the mode
of the input sample end hold. Serisl
output data is aveilsble et pin 32 in
straight binary code for unipol's cperes-
tion or offset binery for bipolar opera-
tion. Nonreturn to zero (NRZ) formet
is used and the dets is welid st the
leading edge of the strobe pulise. Perellel
data Output is streight binery for uni-
poler operation and offset binary or
two's J for bipoler {
Two's compiement is obtsined by using
the complemented MSB output st pin
7.
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NOTE:

TIMING DIAGRAM FOR ADC-MA128

Output: 010101010101
For 20usec, Conversion Time, T = 800 nsec. For 40 ueec. Conversion Time, T = 1.5 usec.
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ADC-MA128 (12 BITS)

OUTPUT DIGITAL CODING, ADC-MA SERIES

——

UNIPOLAR INPUT RANGE STRAIGHT BIPOLAR INPUT RANGE OFFSET TWO'S
BINARY BINARY COMPLEMENT
0TO +10V FS 0TO +6V FS ms8 Ls8 $10V FS 16V FS MSB Ls8 MSB LS8

-
+9.907¢ +4 9988 TETETTTeee +3.9951 +4.9878 120112220301 01111373191
+8.7500 +4.3750 111000000000 +7.5000 +3.7500 111000000000 01100005904
+7.5000 +3.7500 110000000000 +5.0000 +2.5000 110000000000 015000000000
+5.0000 +2.5000 100000000000 0.0000 0.0000 100000006360 000000000000
+2.8000 +1.2600 010000000000 -5.0000 -2.5000 010000000000 110000000000
+1.2500 +0.6250 001000000000 -1.5000 -3.7500 001000000000 101000000000
+0 0024 +0.0012 000000000001 -9.9951 -4.9978 000000000001 100000000001
0.0000 0.0000 000000000000 -10.0000 -6.0000 000000000000 100000000000
|
ADC-MA108 (10 BITS)

{ +9.9902 +4.9951 M +9.9805 +4.9902 M oMM
+8.7800 +4.3750 1110000000 +7.5000 +3.7600 1110000000 0110000000
+1.5000 +3.7600 1100000000 +5.0000 +2.5000 1100000000 0100000000
+5.0000 +2.5000 1000000000 0.0000 0.0000 1000000060 0000000000
+2.5000 +1.2600 0100000000 -5.0000 -2.5000 0100000000 1100000000
+1.2800 +0.6250 0001000000 - 7.5000 -3.7500 0010000000 1010000000
+0.0008 +0.0049 0000000001 -9.9805 -4.9902 0000000001 1000000001

0.0000 0.0000 0000000000 -10.0000 -5.0000 0000000000 1000000000
CONVERSION TIME
EXTERNAL PIN CONNECTIONS USING EXTERNAL CAPACITOR
The externel capecitor is connected between pins 31 and 38. Con-
INPUT SUFFER | INPUT | JUMPER | JUMPER | JumreR version time in the table is in microssconds and capecitor velue (s in
RANGE (PS) | GPTION | TOPIN [ PINGTO [ PIN2OTO | PN 19 TO "
WITHOUT . - - n ;
OTOHY | “irn 2 . - n c Time Formula ( )
v WITHOUT & - - 2 Conv. Time* ADC-MA108 ADCMA128
™ 2 . - 2
wITHOUT s - - 2 X ®
oV phdimsy 2 P 2 » 20 usec. C = 80(T-20us0c.) C = 80 (T-20usec.)
WITHOUT . - [ »
070 WV phidoy 2 . M » 40 poec. C = 85(T-40usec.) C = B5(T-40usec.)
rate when no extarnal capecitor is used.
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CALIBRATION CONNECTIONS
JUNIPE R CONNECTING AXTERANAL CAPACITOR
INTERANAL CLOCK UBSO TO DECRAASE CLOCK
PREQUENCY P
[ ey -
ke (THE JUMPER SETWEEN PINS = N -
i 3 AND 38 MUST BE USED IF
E EXTEANAL CLOCK 1§ e
et NOT SUMPLIED! ot
«18v OC +18v OC
orFeeY OFFSET
ADJ ADJ
18 MEGa 15MEGO
oxn 0x0
"wr 1 .7
]
'
|
i
-\8v OC ' -1V DC
CONNECT FOR |
OTO +8V INPUT |
ONLY e}
+18v OC ! +18v DC
weyTs H NPUTS
::" 070 -8V O——p—i ::“ 1 o—
01010V Leee 1oV o ——
0,0 < AAMAA oxn = AMAM
. soxa Lol 1800
NOTE : Calibration s the same with optional input butter amplifier.
Connect buffer e indicuted in € xternsl Pin Connections.
-1V OC -18v OC

UNIPOLAR OPERATION (WITHOUT BUFFER)

CALIBRATION PROCEDURE

Gain and offset ad are 8 shown in the

BIPOLAR OPERATION (WITHOUT BUFFER)

CALIBRATION TABLE ADC-MA SERIES

sbove disgram using the Calibration Table. The trimming AD. > INP
potentiometers used should be 15 turn 100ppm/“C temperature INPUT RANGE M:"f: IONBI:’JT VDLY]A)G:'T
coefficient cermet type units end are availsble from Datel
Systerms at $3.00 each. A pulse generator should be adjusted to
@ve +5 voit pulses with 100 nsec. miniinum duration end & OFFa Y R 08} mv
wacing equel 10 or larger than the specified maximum con- « 070 +8v
wersion tme (20 or 40 usec). This generstor should be s GAIN +49927V | +4.9982V
connected to the ‘Stert Convert’ input. A precision voliuage e
reference soutce should be connected to the selected snelog >
OFFSET 49 mv 1.2mv
nput 1ermingl s
Otfset A For set the output of the 070 +10v
voitage reference source to zero piua 1/2 LSB. The value is GAIN +9.9854V +9. 9063V
shown in the Calibration Table. Adjust the offset trimming
potentiometer until the LSB output flickers equally between
logic 0" and loge “1”. (Output between 000 .. 000 snd OFFSEY 49081V -4.9988v
000 001) For bipolsr operstion set the voltege reference - 18V
source 10 minus full scele plus 1/2 LS8 and make the same < GAIN +4.9854V +4.9063V
adyustment 3
Gein Adjustment: Adjust the output of the voltage reference g
source to full scale minus 1 1/2 LSB. This value s 8140 shown in OFFSET -99902v | -9.9976V
the Calibration Table Adjust gein trimming potentiometer until 110V | EEREIER
LS8 output flickers equally between logic 0" anG logic “1” GAIN +9.9707v | +9.9027V
(Output between 111 ... 110end 111 . 111)
ORDERING INFORMATION PRICES (1-9|
ADC-AAlOp (A PRCES (1O
oo e A ADCMA10B2A .. § 99.00°  ADCMA1282A .. $129.00
b v 5 | ADCMAIOBZS .. $120.00 ADCMA1I128028 .. $149.00
NUMBER OF BITS WITH OR W/O CONVERSION For opth high impedaence buffer amplifier edd $20.00 to
AND CODING HIGH Z BUFFER TIME price.
108 = 10 SINARY 8ITS 1=WITH A = 40uSEC
128 = 12 BINARY 8ITS 2= WITHOUT 8 = 20488C Mating Socket: DILS-2, 4 required @ $5.00 per pair
Trimming Potentiomessrs: TP20K  $3.00 sech (19)

Copyright © 1974 Desst Sysmams, ine. Prinesd in US.A. AN Rights Remred.

R
orene

" w ‘ PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
| TEMS, INC. 1020 TURNPIKE STREET, CANTON, MASS 02029  TEL (617) 8288000 TWX 7103480136  TELEX 924481

BULLETIN AMA.-L 15408
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APPENDIX B

READ-ONLY-MEMORY
TRUTH TABLES




DRU Card, D20 Harris H PROM 1-8256-5B (32 x 8)

PA(Y) LA(Y) CP CPA3 CPA2 CPA1 CPAO

Address B7 B6 B5 B4 B3 B2 Bl BO

0 (32 Jﬁ H H H H H 0
1 H H H H 1
2 H H H H 2
3 H H H H 3
4 (36) H H H 4
5 H H H 5
6 H H H H H 6
7 H H H H 7
8 (40) H H H H 8
9 H H H H H 9
10 H H H H 10
11 H H H H 11
12 (44) H H H H H H 12
13 X 13
14 X 14
15 X H 15
16 (48) H 16
17 H 17
18 X H H 18
19 H H 19
20 (52) H H 20
21 X H H 21
22 H H 22
23 H H 23
24 (56) X H H H 24
25 H H H 25
26 H H H 26
27 X 27
28 (60) X 28
29 X 29
30 X 30
31 (63) X 31

H = High = Logic One ® Programmed
Blank ® Low = Logic Zero = Not Programmed

B-2




DCU Card, D20 Harris H PROM 1-8256-5B (32 x 8)

PA(Y) LA(Y) CP CPA3 CPA2 CPA1 CPAO

Address B7 B6 B5 B4 B3 B2 Bl B0
0 (32 H H H H H 0
1 H H H H 1
2 H H H H 2
3 H H H H 3
4 (36) H H H 4
5 H H H 5
6 H H H H H 6
7 H H H H 7
(40) H H H H B
9 H H H H H 4
10 H H H H 10
11 H H H H 11
12 (44) H H H Hq H H 12
13 X 13
14 X 14
15 H H 15
16 (48) H 16
17 H 17
18 H H H 18
19 H H 19
20 (52) H H 20
21 H H H 21
22 H H 22
23 H H 23
24 (56) H H H H 24
25 H H H 25
26 H H H 26
" 27 X 27
28 (60) X 28
" 29 X 29
30 X 30
31 (63) X 31

H = High = Logic One # Programmed
Blank = Low = Logic Zero = Not Programmed

B-3
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DRU, DCU Card, Cl16 Harris H PROM 1-8256-5B (32 x 8)

PA(Y) LA(Y) CP CPA3 CPA2 CI’rAl1 CPAO

Address B7 B6 BS B4 B3 B2 Bl BO
0 X 0
1 X 1
2 H H H 2
3 H H 3
4 H H 4
5 H H H 5
H H H 6
7 H H 7
8 H H H H 8
9 H H H 9
10 H H H 10
11 H H H 11
12 H H 12
13 H H 13
14 H H H H 14
15 H H H 15
16 H H H 16
17 H H H H 17
18 H H H 18
19 H H H 19
20 H H H H H 20
21 H H H H 21
22 H H H H 22
23 H H H 23
24 H H 24
25 H H 25
26 H H H H 20
27 H H H 27
28 H H H 28
29 H H H H 20
30 H H H 30
31 H H H 31

H = High ® Logic One # Programmed
Blank = Low = Logic Ze”o = Not Programmed

B-4
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SDF Card, B15 Signetics 825123 (32 x 8)
DRU Card, B20, D30

Sync.
01111 WL8P WLIP 31BG 4BG Code
Address B? B6 BS B4 B3 B2 Bl BO
LSB ' H H
1 H
e ‘{ 2 H H
B3 H H
: 4 H H
5
PT 2 2
7 H H
8 H H
pr3( !
10 H
11 H
12 H H
13 H
PT 4 4
15 H H H
16 H
17
PT 5 18 H
19 H
20 H H
21
PT 6 22 H
23 H H
24 H H
25
PT 7{ = -
27 H H
28 H H
29 H
PT 8 30 H H
31 H H H

H = High = l.ogic One = Programmed
Blank = Low = Logic Zero ® Not Programmed

Marked "K1"
Signetics 825123
B15 on SDF

D30, B20 on DRU




PROM Pattern for D9 and D10

Decimal
Output

Decimal
PROM
Address *——-—_« 1A

MUK . 2,
§ 248 L3S

B, ktbieri
HEvE, ARRA

1., BBMa
MO, BT

*L e
i, 188p

.l
Ak, 1HAA
. BRI
AEER AL EA
IS R e
L, Al aeE

’r

0,0,0 O
37271
Outputs of

D10 PROM

O=Low=Program

4
AV, HRLE

P—Ao
030,9,9,

Outputs of
D9 PROM

O=Low=Program

1it, aig
DHBE, di 16

11.8804

i, 1 8

[ e WIS

15, n0oE
dgag,.ullae

e —

t r;. L e

19, U7
A, 1110

2g8.08011
1ual, 1AEEA

29,8611
Tuaa, 1a6i

L PRETLD B
W, @1aa

0'\ I_‘_

16

Glebv) 2
laga,. 0100

on MIU Cards.

ERA LR g
taaa, aiog

g3« Euls
1968, 1160

C S o e
1988, 11598

35,8614
1288, gl A

He . unld
@, @hia

27 ..0814d
pEae, uela

YL, EE1E
THER, 1B1A

4, BB
1aaa, 111

45,4018
THAE, dag

4,008
L, aael

47,0018
1006, 8861

H PROM 1-1024-5B

44,8819
Ta, 1ol

49, g
1€

132
eiail, 168

\"l IP'

l

¥ Sy A 5 ] 2 Sk
oAk, BEBEe

DL
Blii, 1888

S5, 80821
Alea, 1aaa

56,20
gloc.alae

57 . 882
nigag.alaa

T 5 1 S b
ian, 1168

I el

.
=

P

ot

e

= L
N

-

—

o

=t

e
_L‘

#iAAa, 1186

= P T
e, d e

(PP § 15 PSR
i, Ma1a

(05 B 5 T P

BigA, 1via




by, BIRX2S
ik, fela

ac
(515D

D
\,

&
l1"2‘

(RN

o T
— 0

—
P

peve
=0
-
&
o~

=

=
oo

— g

i
—
G I

1)
)

i

4~
.

—

Lo i
Dot )
-

._
—
=
-
=
-
l—“l_‘
o W]
b
Ty

€

Ll U

P 5 % B
llﬁ] HEE
7Y.AB830
PR, puRn

CdLanan
I 1@n, aaan

f4.nadl
1ive, 1aga

R 1% BT
Ilag,a11a

G BREE

EL G LS
1laa, 1118

Fh.0037
11,1110

B-7

S 1% M
L, i1y

R

=
:

' x]

7.883
1188, /8001
e A S N B
11688, A1
Y, B3y
11aa, 1aal
1868, aEEs
1188, 1861
(81,4829
1186, 186

laz.agq4a
A, B8R84

TRE, g s
R, 8180

1Y, Bindg s
@ia1a, 1 lan

Tiw, (kg

= -8-
Dol O

111.
aala,

T 3
B s

B,

1135,
Hala,

-E
L

Kt i,

0 % e
nE1a,

116,
Hale,

] F o
ML e,
y o
R

Ht;“
181

TR1E

R IAET
118

SESE T

@alid

L, 4
. 2118

i

%
2]

= %
— T
-

i

e
=
e

bt
SISISD

R 15

SILIER

S
« ‘_l‘_’“.:}1

IRES RN
K14 1

g
IRAISR

P T 1

127
tarn,

HEan

S —————




Py

158
}Hb HA

l__;n I'-
mr

129, BE
i, vy

1%
&

t"( I:;v

C'
16

150, 0BS5S
19l 1aaa

§ 33
a1,

Hess
Hlaa

134,985
la1B, 0188

oo

- =
-
—
X%

Dol 3 o n

+ DUl S8 o

—
Dol
—
o oon

- 5
L Y

—
0o o
-
LUl a gl

Y
—
= -

—
=
. =
o
LI ol i)
— 0

._
L)

. =
-~
i

&=
—
o=
@ e
=
—
=

LA WMhd
iulg,vela

148, 0855
111g. 108168
iwle.

L2, B8nh
lale. 1018

142, 0850

lale,. ai1e

Ldd, Use
1Ajp.ail1a

l4;.

152, 885849
1@18, 1881
152, 0060
G118, a0aa
154, 8008
d11@a, 00880

19,0801
a11@,1888

157, 06861
A11e, 108a

198, 8862
a11n,.u109

159, 8062
B11w.u0l0e

1gd, yuel

Q11 uiey

le3, doee
glla.e11e

&
| R I & [ TR
alin,aunt
174, gl
“ilao, GBUI
175, 8068
A11A, 8001

R T S

Gl1d. 10891

a8y’

12,8071
11¢U 188a

18992, 0074

I1ia.801a
19¢, 6174
111e. aafa
(91,8678
11ta. fala




Jdd aaia
Hagl, npaa

SHE, AUEY
AR, aaaa

SRR SR
aual, 1aaa

S SIS |
BRal. 1880
209, 882
BEEL.a188
21a, 8682
Aual. o100

217.0885
g, 181a
215.0085
AR, 1018

221.888¢
gREl.alla

EZR.QMSF
11¢

B-9

e
-
A
X
—

Dol o
=T
— ¥

—
=~

Y ]
D
ot
— 0
= =
o S
Dol g
Dol
— 1

-
e

aa2. 8891
LEEl, 1ew
2338891
1881, 1aua

‘. s -UU:-‘-:
iaa1, 1106

_, .

238,009l
laal, 11aa

e B A 15 K B
1881, 1148

oGk, By +4
18R, Hat1e

241.30894
TR, @0

L St 1 B
1oBl.i6la

247, 8695
Ai. 1818

s2dd, @RS
1aal., intd

S LI ST A e I
e, m118

S, A9
1l alia

CE L RS
STSD AN R RS

............

2591.6898
iaal.,ana]
& e i l‘;" % Bl

Teve] . aenl

A8 5, A
gl . 1l

s T U
taug . 1aal

Shh.Blan

B

Hlal . aaan

e ————_—————— v~




Coordinate Converter Altitude Error Correction (Card 2)

llslk

126

T30

D C

O

B A QRS

Input Address

0-27

0

0

00 O
0
@ @ U0

0 e L )
0

0
0

0

0

28-38
39-47

48

0

0

e O 0 (0

00 0 0

56-62

6. 0.0 ©

0 0 0 O

63-68
68-74

0 0 0 O

75-79
80
81

0 0 0
Q- 008
0200
9 0 O
0 0
O U
0 0
0 0
0 0

1
1

0 g0 0
Q0.0 @

0

1
1
1

0 O

0

82
83

0 0 0 O

Q0 =40
0 0 0 O
O 700 0
0 0 0 O
G- 0. .0 0

84
85

1
1
1
1

86

87
88
89
90
91

0 0 0 O

¢ 0 0 0

U0 00

0 0 0 O

92

0 0 0 O

93

1
1

0 0 0 O

94
95

0 0 0 O

1

0 0 0 O

96
97
98
99

0 0 ¢ ©

0
0

0 0 0 0

. A st

0 0 0 O

1

0 0 0 O
0 0 0O

100

101

1

0 0 0 O

102

B-10




Coordinate Converter Altitude Error Correction (Card 2 ) (Cont)

F26 LSB

F30
DCBA QRST

g -0 0@ 0

Input Address

103
104
105

6 0 0 O

G 0 0 0

0 0 0 O

106

6 0 0 ¢

107

0 0 0 O

108
109

0 0G0

Qs0 @ 0

110
111

0 0 0 O
0 0 O

Q0 6 0

1
1
1
1
1
1
1

112
113

0: 0 O .0
6. O -0 0
o it o 0 S ¢
0 0 ©
0 0 O

0
0 0 O
0 0 O
0 0 0
0 0 O
0 0 O

114
115

N’

1
1
1

116
117
118
119

0 9 0
0
0
0
0

0
0

1
1
1
1
1

0 0 O

0 0 O
0 0 O
0 0 O
0 0 O

120
121

122

123

1
1
1
1
1
1
1
1
1
1

0 0 O
0 0 0
0 0 O
0 0 O
0 0 0

124

125

126

127

128

0 0 0
0 0 O
0 0 O
0 0 O
0 0 O

129

130

131

132
133

B-11




(Clont)

Coardinate Converter Altitude Error Correction (Card 2)

LSB

F26

F30
DCBA QRSB T

0 0 0

Input Address

134

1

0

0 0
¢ 0 O

135
136

1

o o o
Q O O
© O O

2 O O
QO O
o © O
~ a0 o
&y oy oy
— - -

1
1

g 0 G 1
0 0 O
g 0 0
o SR TR

140

0 0

1
1
1

141
142

143

144
145

1
1
1
1
1

g 00
0 0 O
0 0 O
0 0 O

146

N

147

148

3 I

1

0 0 O
0" 0" 0

149

1
1
1
1
|
1

150
151

o
0 0 O

152

0 0 O
g .0 U
0 0 O

0 0

153

154

155

0

156

g 0.0 O
g ¢ 0 9

1
o 0 € 8

0 ¢ 0

157

158

0
J

0

159

0:9°0Q 8
0 0 0
0 0 O

160

161

1
1

0

0

162
163

e

A e T g

B-12




F26 LSB

F30
DECBA QRS T

Coordinate Converter Altitude Error Correction (Card 2) (Cont)

Input Address

164
165
166

- O O O

o © O O

© © © O

i e e

o © O 9O

o © © ©O

167
168
169
170

0
0
1
1
1
1
0 0 0
60 0

0 0

0 0O O O 0O 0 0 o O 0 O O

OO0 @0 © 0 0O O 0 0O 0.9

©O ©O O © © © ©o O © o © ©

- N M Y N O > 0 0 O ~ N
~ &~ &~ ™~ &~ 6~ 0~ 0t~ 0~ 0 oo
P T e T e T B B B B B I I I

N

R —
oy

0 0
| SRR ¢ NS ¢ ¢ S

B-13

183
184
185
186
187
188
189
190
191
192
193
194




Coordinate Converter Altitude Error Correction (Card 2) (Cont)

F26 LSB

F30
BEBA QRS T

Input Address

195

0 9 o
0

U

Q

196
197
198

199
200
201
202
203
204
205
206
207

208
209
210

211

: R ¢ a0 [
1 00

1

212
213

0 0

214
215
216
217

0 0

218
219
220

221

222
223

p -

B-14




(Cont)

Coordinate Converter Altitude Error Correction (Card Z)

F26 LSB

F30
DCBA QRS T

Input Address

224

0 0 0 O

0

— - O O e~ - O O

o S~ A I SRR SR N~ I~

(- B = R TR~ A~ S~ R B

O O 0 O O 9 O

o 0 0 © O © e O

© © o o © ©o o o

— — — —— —t —t — —
L

© O O © © o o o

225
226
227
228
229
230
231
232

233
234
235
236

A

0

1 0 0
0 0 1
0 0

1
1

0
0

237
238

0 0 O

0 0

1

1

0

239
240
241
242
243

244
245
246

0

247
248
249
250
251

0

0 0 O

1 0 0 0 O

010

B-15




Coordinate Converter Altitude Error Correction (Card 2) (Cont)

F30 F26 LSB
Input Address DCBA QRS T
252 01 01 0 0 0 1
253 2 1 @ 3 B 0 1 ®
254 g 1 0 1} g -39
255 010 L R |

B-16
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DCU Card, Character Generator ROM

5 X 7 CHARACTER FONT*

DOT REPRESENTS A LOW MEMORY OUTPUT

FILLED IN"

A

5= A
|
|

{

AzAgqAg | Az AgAg |

e e

[

e | m
]
i

101

(
CIC

|8
i
(8
8]
0

QO oL
J01C

=

= = xS =
==>B=lrs
By o
EEES £ 22

l
|
|

r

i

Iﬂv 82 83

110

A3AgAg | AgAgAg | AgAqAg
001

A3 Aq Ag
010

|
I

AzAgAg
100

Az Ag A5
000

l‘:)l]]

Tz==TTR=
a=z=g=
o
s==swex

Wi

|
!

ASCHi
INPUT
ADDRESS

{

*FROM THE USASCII CODE Ag 87 Bg

B-17
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DDI Card, B23 Signetics 825123 (32 x 8)

Unconditional Next State

MEISB MEISA SATNE CNSS | UNSD UNSC UNSB UNSA
Address B7 B6 B5 B4 B3 B2 Bl B0
()} H H 0
1 H H H H 1
2 H H 2
3 H H H 3
4 H H H 4
5 H H H H 3
h H H H b
7 H H H 7
8 H H H H 8
9 H H H H H 9
10 H H H 10
11 H H H H 11
12 12
13 13
14 14
15 H H H H 15
16 H 16
17 H H H 17
18 H H 18
19 H H H 19
20 H H H 20
21 H H H H 21
22 H H H 22
23 23
24 24
25 25
26 26
27 27
28 28
29 29
30 30
31 31

H = High ® Logic One ® Programmed

Blank ® Low ® Logic Zero ® Not Programmed

B-18
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DDI Card, B29 Signetics 825123 (32 x 8)

Conditional Next State

MWGI | CNSD CNSC CNsB UTRSA
Address B7 B6 B5 B4 B3 B2 Bl BO
0 H H 0
1 I H H 1
2 H H 2
3 3
4 H 4
5 H H 5
6 6
y 7
8 H H 8
9 H H 9
10 H H 10
11 H H 11
12 12
13 H H 13
14 H H 14
15 15
16 H H 16
17 H H H 17
18 H H H H 18
19 19
20 H 20
21 H H 21
22 22
23 23
24 24
25 25
26 26
27 27
28 28
29 29
30 w 30
31 31

H = High = Logic One = Programmed
Blank = Low ® Logic Zero ® Not Programmed

B-19




SIGNETICS 825123 C28 ON MAG CARD

e R S

HE® Hi‘h ® Logic One ® Programmed

Blank

Low . Logic Zero ® Not Programmed

B-20

T4 4 3 2 1 T53 TSz Tsi
Address B7 Bé6 B5 B4 B3 B2 Bl BO
0 H H H H 0
1 H H H H 1
2 H H H H 2
3 H H H H 3
4 H H H H H H 4
5 H H H H H H 5
6 H H H H H H 6
7 H H H H H H 7
8 H H H H H H 8
9 H H H H H H 9
10 H H H H H H 10
11 H H H H H H 11
12 H H H H H H H 12
13 H H H H H H H 13
14 H H H H H H H 14
15 H H H H H H H 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
25 25
26 26
27 27
28 28
29 29
30 30
31 31




MAG CODE CONV. PROMS (SIGNETICS 82S129)

MAG  MAG MAG  MAG MAG  MAG MAG  MAG
ADR D9 D& ADR D9 D8 ADR D9 D8 ADR D9 D8

3421 3u21 8u21 38421 8421 Bu21 8421 By21
0('0 LB LN Ouo .[{.. LN 080 H... eaen ‘20 HH.. LN
001 ceee  oeoH 041 JHee oeoH 081 Heee oo.oH 121 HH.. ...H
002 +ees ooHe 042 JHee ooHe 082 Heeo o.H. 122 HH.. ..H.
003 «.ee ooHH 043 +des ooHH 083 Heee o.HH 123 HHe. «.HH
004 .... .Heo Q44 (Hee .Heo 084 Heeo oHeo 124 HHe.. oHeo
005 <eee Heeo 045 oHee Hess 085 Heoo Heeo 125 HH.. Heow
006 eees HeoH 045 H.. H..H 066 Heoe H.oH 126 HH.. H..H
007 .... H.H. 047 +Hee HeH. 087 Heoe HeHe 127 HH.. H.H.
008 «eee HeHH 048 JHee HeHH 068 H..e. H.HH 128 HHee H.HH
009 ..es HHae 049 ,He. HH.. 089 Heee HHes 129 HHee HHee
010 eeel ceee 050 oHeH <eee 090 HeeH <o 130 HHeH <eee
011 seelH oedH 051 .H.d ...H 091 HeeH ...H 131 dH.H ...H
012 ...H o.He 052 .HeH ..H. 092 HeeH <.He 132 HH.H ..H.
013 .+eeH <.HH 053 .HeH ..HH 093 HeeH ooHH 133 HH.H ..HH
014 ...H oHee 054 .H.H .H.. 094 H..H .H.. 134 HH.H «H..
015 ool Hewe 055 «H.H EH..o 095 HeoH Heso 135 HH.H H...
C1C eeel HeoH 056 .H.H H..H 096 H..H H..H 136 HH.H H..H
017 .+..H H.H. 057 +HeH HeH. 097 H..H H.H. 137 HH.H H.H.
015 ..ol HeHH 0586 oHeH HHH 098 H..H HJHHA 138 HH.H H.HH
019 ...hH HH.. 059 .HeH HH.. 099 HeoH HHes 139 HH.H HH..
020 .oHe oeose 060 oHHe ooee 100 HeHe oeee 140 HHH. ....
021 +eHe ...h 061 .HH. ...H 101 He.He ...H 141 HHH. ...H
022 eeHe oohe 062 .HH. «.He 102 HeHe .«.He 142 HHH. ..H.
023 «eHe .oHH 063 .HHe «.HH 103 HeHe. ooHH 143 HHH. ..HH
024 ..He oH.oo 064 JHH. oH.. 104 HeHe oHeo 144 HHHe JHee
025 +.He Heso 065 +HHe Heeo 105 HeH. Hoeo 145 HHH. HKees
026 +oHe H..H 066 .HH. H..H 106 H.H. H..H 146 HHH. H.oH
027 +.He HeHe 067 .HH. H.H. 107 H.H. H.H. 147 HHH. H.H.
028 J.Hs HeHH 068 .HH. H.HH 108 He.Hs HJHH 148 HHHe. HoHH
029 +.He HH.. 069 .HHe HHeo 109 He.H. HH.. 149 HHH. HH..
030 «otH ceee 070 .HHH <see 110 H.HH ... 150 HHHE ....
031 J.HH ...h 071 «HHH ...H 111 H.HH «..H 151 HHHH ...H
032 +eHH ..hH. 072 .HHH .<.H. 112 H.HH ..H. 152 HHHH ..H.
033 J.HH ..dH 073 .HHH ..HH 113 H.HH ..HH 153 HHHH ..HH
034 o« EH .H.o 074 GHIH <Heo 114 HeHH Mo 154 HHHH .H..
035 +.HH H..o 075 «HHH He.. 115 H.HH Heeo 155 HHHH H...
036 .erill HeoH 076 .HHH H..H 116 H.HE H..H 156 HHHH H..oH
037 +.HH H.H. 077 +HHH H.H. 117 H.HH H.H, 157 HHHH H.Ke
038 +eHH HehH 078 +HHH H.HH 118 H.HH H.HH 158 HHHH E.HH
039 «.HH HH.. 079 .HHH HH.. 119 H.HH HH.. 159 HHHH HH..

H = High ® Logic 1 ® Programmed
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APPENDIX C

MEMORANDA

"Display Data Port Programming" (A.J. Jagodnik, Jr. memo #AJJ-21)

"Scan Converter Drawing List" (A.J. Jagodnik, Jr. memo #AJJ-49)




R e Fose) Classification Unclassified
~DIVISION Equipment Contract No. DNAG91-75-C-0050
Operation ADL
Department ADL Distribution As Listed
To J. H. Turner File No. -
From A. J. Jagodnik, Jr. Memo No. AJJ-21
Subject Display Data Port Programming Date 26 March 1975

Reference: 1. AJJ-17, "Design Plan for the Display Data Interface of the
Liquid Water Content Analyzer System, dated 17 Dec. 1974

2. Scan Converter and Contour Refresh Memory Equipment
Information Report, June 1974,

The Display Data Interface design plan contains sections entitled
""Operation of the LWCA Control Panel" and "Hardware/Software Interaction'.
The purpose of this memo is to expand upon the contents of these sections,
based upon the existing hardware which differs slightly from that originally
planned. The programmer should find here information needed to write
assembly language programs for the purpose of communicating between the
scan converter color displays and the analyzer (Interdata 7/32 minicomputer).

The first section consists of operating instructions for the LWCA
control panel and scan conversion processor, while subseauent sections
discuss addressing conventions and each of the three basic types of data
transfers: Write Display Memory, Read Display Memory, and Cursor Data
Entry. Programming examples are also included.

Operation of the LWCA Scan Converter

Scan converter operation is covered in Reference 2; the information
presented here is intended to serve as a supplement and covers operation with
the LWCA Control Panel illustrated in Figure 1. Excep: for the ERASE
DISP LAY buttons, all of the switches on the control panel also serve as
indicators controlled by their state and/or the DDI (Display Data Interface)
within the scan converter. An exception is the control labeled DATA SOURCE
TAPE which functions only as an indicator to denote the fact that the Precision
Digital Video Integrator has been set to accept data from Mag Tape for display
on the scan converter.

The LWCA TO DISPLAY controls, when lit, indicate that write
and/or read data transfers are enabled in the hardware. They are affected
by several controls on the Scan Conversion Processor as indicated in Table 1.
The state of these controls can be uniquely determined from the status byte
of the Display Data Port which has been assigned device number X'8B'.
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Table 1
LWCA to Display Device X'8B!
Scan Conv. Controls Switches Indicators Status Byte
Memory Control Write Read Write Read
Mode Store Video On/Off On/Off | On/Off On/Off 01234567
All OFF X Lit Lit xxxlx111
One or Dark Lit xxx1x010
More ON
Not A All OFF Off Off Dark Dark xx40x001
Off On Dark Lit xxx0x011
On Off Lit Dark xxx0x101
On On Lit Lit xxx0x111
Not A One or X Off Dark Dark xxx0x000
More ON On Dark Lit xxx0x010

X = don't care

The scan converter will operate normally in the following mode
switch positions: PPI, RHI, CAPPI and B. If the appropriate LWCA TO
DISPLAY indicator is lit, the analyzer can read or write into the display
memories. Inmode switch position A, the necessary conditions for LWCA
operation are set up; these are:

(1) Scan converter in RHI mode,
(2) LWCA TO DISPLAY READ indicator forced ON
(3) LWCA TO DISPLAY WRITE indicator forced ON if the converter

memory buss is available (all STORE VIDEO switches OFF).

C-3
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The scan converter ERASE VIDEO buttons used in normal operation
do not erase the entire screen; the contour threshold legend area is left un-
changed. In addition, a mask obscures from view certain areas within the
ancillary data portion of the screen. These areas contain coded information
available to the analyzer and needed by the contouring hardware. The ERASE
DISPLAY buttons on the LWCA CONTROL PANEL not only erase the entire
display, but also inhibit the mask so that the entire screen is available to
display information from the processor. The mask and the legend are
restored when the operator actuates the corresponding STORE THRESHOLDS
button on the scan conversion processor.

The cursor can be made to appear in any display by depressing the
appropriate CURSOR ON/OFF switch; the on state is indicated by illumination
of the switch. The cursor, a blinking single point on the display, can be 1
located anywhere on the screen by means of the CURSOR POSITION trackball.”’
The cursor changes color as a function of its surroundings so as to remain
visible. During normal scan converter operation, the mask will obscure the
cursor. If the cursor cannot be found, the following property may be useful:
along the Top and Left edges of the display, the cursor will stop even if the
trackball is rotated too far. At the bottom edge, the cursor disappears.

When moved beyond the right edge, it reappears at the left where it finally
stops about an inch from that edge; however, if the SEND DATA button were
pressed with the cursor in such a position, the address would be wrong.

The color/intensity code covered by the cursor, as well as its
coordinates, can be entered into the analyzer by pushing the appropriate
SEND DATA button. The corresponding cursor must be switched-on for
this action to be recognized. The SEND DATA switch will light when de-
pressed, if the DDI control logic is in the proper state, and will extinguish
about one-half second after the resulting interrupt has been serviced by the
analyzer.” Pressing the INI button on the analyzer console should always
turn off any SEND DATA indicators which are lit for whatever reason.

Display Conventions

The four display channels, numbered one through four, contain
independent memories. Each memory is organized so that its address
corresponds with the (X, Y) coordinates within a 248 by 320 point matrix as
indicated in Figure 2. Each point can take on one of sixteen color/intensity
combinations as listed in that figure. (The observed colors are a function
of the settings of an array of switches in each memory interface unit; those
colors listed correspond to the settings indicated in Figure 4-11 of Ref. 2.)
Note that color 15 has a non-over write property: once this code occupies a
point, the only way the color code at that point can be changed is by erasure.

1. o1g any SEND DATA indicator is lit, no cursor will respond to the trackball.
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The ancillary data area has significance only in normal scan
converter operation; its outline is indicated in Figure 2, while the details
of its contents appear in Figure 3. Information necessary for inter-
pretation of the radar video data portion of the display (scaling, origin
location, time, contour thresholds, and antenna angle) is obtainable by
reading the four-bit codes in the patches indicated. Each of these patches
contains the same four-bit code at all addresses within it. Most of the
code patches have dimensions of 5 x 4 points (the same as the color patches)
except for the origin location and scaling codes which are only 5 x 1. In
either case, it is only necessary to read one point per patch, unless some
sort of error correcting scheme is implemented to make use of the redun-
dancy.

Points written as color 15 by a normally operating scan converter
{not through the display data port) within the ancillary data area do not have
the non-overwrite property. Any address in the ancillary data area which is
not occupied by a 4 x 5 patch or an 8 x 5 character can be used for storage
of 4 4-bit word (e.g., to "'mark' a stored video image) except for the 8 x 5
area under each color patch. Only the characters and color patches are
displayed; everything else in the ancillary data area is masked. Again, the
entire display area is erased (changed to color zero) and the mask is
inhibited when an ERASE DISPLAY button is pushed, the entire area is now
available to accept data from the analyzer.

General Comments on the Display Data Port

The hardware which comprises the display data port controller
consists of two parts: an Interdata Universal Logic Interface (ULI) and 2
Raytheon-designed Display Data Interface (DDI). The ULI responds to
device address X'8B' and contains interrupt and byte/halfword logic controlled
by bits 0, 1 and 2 of the command byte (see Figure 4, note 2). Bit 2 should
always be zero since the display data port operates only in the byte mode.
Bits 0 and 1 affect interrupts in the following way: Ol-interrupts enabled;
10-interrupts disabled but queued; 11-interrupts disarmed (neither accepted
nor queued); 00-previous interrupt state unchanged. The ULI does not affect
any bits in the status byte.

The DDI contains control logic which is described by the state
diagram in Figure 4. Much of the notation here will not be of concern to the
programmer. It is sufficient to note that state transitions are typically
caused by execution of the 7/32 1/O instruction listed before the comment
under each transition, or by a hardware-generated interrupt. Operation of
the DDI control logic depends on the state of bits 4, 5 and 6 of the command
byte as tabulated at the lower right of Figure 4. Also located there is a
definition of the status byte, of which bits 3 through 7 are used.
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Write Display Memory

Three distinct types of write operations which might be useful in
various situations are supported in the DDI control logic. Controlled by
bits 4, 5 and 6 of the command byte (Figure 4), they include:

(1) 000 - Write single point or multiple points the same color. The
first write instruction transfers Sp, XAM and color code, while succeeding
pairs of instructions transfer (XA, YA). The notation used here is explained
in Figure 2; and the relationship to the Interdata bit numbers can be determined
from Table 2.% This type of transfer might be useful where many points of the
same color are to be plotted and it is not convenient to re-write SA, XAM and
the color code for each point. An example is listed in Table 2. After the
initial write instruction, the following pairs correspond to halfwords so that a
halfword table containing (XA, YA) values could be easily accessed sequentially
using a write block instruction.

(2) 001 - Write single point or multiple points different colors. This
sequence operates as the one described above, except that after the YA transfer,
the next instruction transfers another number for Sy, XAM and color.

(3) 0 1 0 - Write multiple points, fullword boundaries. This sequence
operates as the one described above, except that after the YA transfer, the
next instruction transfers nothing (see Figure 4, state W4), while the one
following it transfers another number for Sp, XAM, and color. This type of
operation is intended for sequentially writing from fullword tables where each
fullword contains Sa, XapM, COLOR, Xp and Yp for one point.

The Scan Converter, although it has an independent memory for each
display, shares a memory address buss among the four display channels.
When one or more STORE VIDEO switches is on, this buss is not available to
the display data port and the writc display memory operation is disabled in the
hardware. It is also disabled for certain other switch settings as indicated in
Table 1. Whenever the write operation is disabled, status bit 5 is zero. Before
a write operation, it is good practice to check status to determine that bit 5 is
one, although nothing will happen if a write is attempted, because the operation
is disabled in the hardware. Status bit 4 should be checked to make sure it is
zero; this bit indicates that a cursor data transfer is in progress and that the
display data port is not available.

2. See page 13 for table.
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Read Display Memory

There are two types of read operations, depending on whether or
not the scan converter memory buss is available. If the buss is available
(all STORE VIDEO switches off; status bit 7 = 1), then a normal read, which
operates in much the same way as the write display memory transfer des-
cribed in the preceding section, can be executed. Otherwise, the prccess
must be a slow read, which involves an iaterrupt service routine. Both
types of read operations are inhibited if the read indicator is not lit (status
bit 6 = 0, see Table 1).

Read Display Memory -- Normal

An example of this type of data transfer appears in Table 2. First,
the status is sensed to ensure that the memory buss is available, the read
indicator is on, and that no cursor data entry is in progress. Next, the
proper command byte is output to device X'8B' and Sa, XAM, XA and YA
are transferred just as for the write operation. At this point, a delay of at
least six ysec; (for example, four BTCR 0, 0 (0200) instructions) must be
¢xecuted so that the hardware is sure to have the required data ready.
Lesser delays might work but have not been tried. Next, a read instruction
is executed; the 4-bit color code appears in the four least significant bits of
the second operand. Finally, a command byte can be output to leave the
control logic in state I.

Read Display Memory -- Slow

If, in the preceding section, status bit 7 had been found to be zero,
then a slow-read operation must be used. An exampile is found in Table 2.
Steps ¢ through 6 are the same as for a normal read, except that interrupts
are enabled. The control logic, after step 6, ends up in state SR4 (see
Figure 4) where it waits for an interrupt. This wait could last as long as
16 milliseconds and ends when the DDI has obtained data. Other processing
can be executed during this wait interval. When the interrupt occurs, a
simple interrupt service routine consisting of steps 8 through 10 of the
example in Table 2 completes the operation. -

3. . : g .
Details on interrupt processing can be found in Interdata Documents:

Model 7/32 Reference Manual, Pub. No. 29 - 399R02, Section 2.4
32-Bit Series " e Pub. No. 29 - 365R01, Chapter 7.
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Cursor Data Entry

As does the slow-read operation, the cursor data entry makes
use of an interrupt service routine and a data acquisition method which
does not require the scan converter memory buss. There is, however,
no long delay because, following the pressing of a SEND DATA button, no
interrupt is generated until after all required data has been obtained. The
cursor data entry requires that the DDI control logic be in state I and that
the ULI has interrupts enabled; hence, step 0 of the example in Table 2.
The remainder of this example is an interrupt service routine which checks
the status to see that the interrupt was caused by a cursor data entry,
outputs a command byte to disarm further interrupts, then transfers Sc,
Xcme X and Y to the second operand locations of the three read in-
structions. Finally, the control logic is returned to state I, interrupts are
again enabled, and the original program status word is restored.

Programming Examples

The SCPLT subroutine listed in Table 3 was used in the Liquid
Water Content dispiay subroutine to take care of getting the ninth bit of X
in the right place and to execute the necessary IO instructions for writing
one point. The inputs were left in registers and the subroutine was called
using BAL F, SCPLT. Because no other data transfer modes were being
used in this application, the command byte was programmed to always leave
the ULI with interrupts disarmed. SCPLT is called many times during the
main program; it always leaves the control logic in state I. But in order to
ensure that the very first point is plotted, the following instructions should
be executed before SCPLT is called for the first time:

LHI B, X'8B!'
ocC B, DDICMD2

Thus forcing the control logic to state I.

Another way to structure SCPLT would put what is now line 72
(Table 3) after line 58, thus SCPLT would not leave the control logic in
state I, but would force it there first each time it is called. A third method
would involve forcing the control logic to state I only once, then not using
any OC instructions at all in SCPLT itself. This method is the simplest
and fastest, but depends on nothing disturbing the control logic between calls
of SCPLT, where it would be left in state RW1 (Figure 4).
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Table 4 lists a program to copy one display to another. It was
written directly in machine language as a diagnostic to test the hardware,
which 1t does very well since it accesses all display memory locations and
exercises the read circuitry in the source display and the write circuitry
in the output display. A good test of the hardware would consist of the
following:

1) Store a test pattern or radar data image which contains all
16 colors in di: nlay 1; erase displays 2, 3 and 4.

2) PutQ=0000and P= 0020 into the program and run.
Displays 1 and 2 should now be identical.

3) Put Q=0020and P= 004 0 into the program and run.
Displays 1, 2 and 3 should now be identical.

4) Put Q=004 0and P = 00 6 0 into the program and run.
All displays should be identical.

5) Erase display 1.

6) PutQ=0060andP - 00 00 into the program and run. All

displays should again be identical.

Table 4 is shown set up for a normal read; to exercise the slow
read, follow the directions at the end of the table. Execution of the copy
program takes about three seconds in the normal read mode, and five
seconds in the slow read mode. If the full 16 milliseconds delay were
incurred at every point in the slow read mode, the program would require
over 21 minutes for execution. The reason it only takes 5 seconds lies in
the format adopted for scanning in the copy program. Examination of
Table 4 will reveal that the copy process is basically accomplished by
reading one point from the source display, writing that data into the same
address in the output display, incrementing by one to the next Y address, then
repeating. When Y reaches 248, X is incremented by one and Y goes back to
zero. The fact that Y changes more rapdily then X is the key to the reason
for the unexpectedly fast performance in the slow read mode. The average
delay is only about 67 microseconds because of the way in which the copy-
program scan interacts with the display raster-scan.

Aévan ed/Electronic Techniques

AJI/ld Wayland Box M9, x2736
cct K. M. Glover (AFCRL, Sudbury) (3)

L. Perry (ERT)

R. B. Marshall c

W. C. Anderson id
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Represented by 8-bit codes:

X0 Ya

Cursor coord. - XC, YC

Display coord. -

Represented by 1-bit code:

XaM

Cursor coord. - XCM

Display coord. -

(The most significant
bit of X)

Represented by 2-bit codes:
Display select - SA
Cursor select - Sc

(Selects one of the four-
channels; 00=display #1,
01=display #2, etc.)

(X,Y); 0 X<319; 0= Y =247
(0, 0) I (319, 0)
(X, 8)—~*
Radar Video Ancillary
(254, Y)—=
Display Area Data Area
(x.179rf\'
(0,247) (319, 247)
Color Code Relative Video Voltage
(4-Bits) Red Green Blue Observed Color
0 0 0 0 Black
1 7 0 7 Magenta
2 5 0 7 Violet
3 3 0 7 Blue-Violet
4 0 0 7 Blue
5 0 3 7 Cyan-Blue
6 0 7 7 Cyan
7 0 7 0 Green
8 3 6 3 Lt. Green
9 6 6 6 White
10 3 3 3 Gray
11 7 7 0 Yellow
12 6 2 3 Pink
13 7 2 0 Orange
14 7 1 0 Red-Orange
15 7 0 0 Red {(Can't be overwritten)
Figure 2. Display Addressing and Color Code

Conventions for Each of the Four Channels
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TABLE 4. Program t0 eopy one display to another,
caa IHI A,Q source displays 1 2 3 4
s Q 3 0000 0020 0040 0060
C8BO LHI B,P output displays 1 2 3 4
Bk P 3 0000 0020 0040 0060
€880 IHI 8,8B device code in reg. 8.
008B
€890 LBEI 9,C8 cmd byte for read in reg. 9.
00C8
C850 IHI 5,C2 end byte for write in reg. Se
00c2
24D0 LIS D,0 zero reg. D.
24EO LIS E,O " " .
9E89 OCR 8,9 output cmd byte for read,
9A8A wDR 8,A write SA'XAM
9ABD WDR 8,D " X,
9ABE WDR 8,E ol ¥ 3
0200 BTCR 0,0 delay (No-op)
0200 BTCR 0,0 L
0200 BTCR 0,0 =
0200 BTCR 0,0 "
9B8C RDR 8,C read data into reg, C,.
C4C0 NHI C,P nask all but the 4 1lsb of reg. C.
QOCF
9E85 OCR 8,5 output cmd byte for write.
OACE AR C,B get the output display code in reg. C.
9A8C WDR 8,C write S‘Jm,Color
9AE8D WR  8,D " Xa
9ABE WDR B8,E " Yy
26E1 AIS E,1 increment Yp by t.
C9EO CEI E,F8 compare Y5 with 248
00F8
4320 BNP 6018 if Y, < 248, go to 6018,
4000
6018
26D1 AIS D, increment X3 by 1,
24E0 LIS £,0 zero Yp.
C9D0 CEI D,100 compare X, with 256,
0100
4210 B 6018 if xn< 256, go to 6018,
4000
60186
4330 ENE 6064 if X,#256, go to 6064,
4000
6064
C9D0 CHI D,13F compare X, with 319,
013F
4320 BNF 6018 if X, €319, go to 6018,
4000
6018

(continued)
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= TABLE 4 (Continued)
6062 2200 BFBS 0,0C branch unc. to self,
4 CAAQ AHI 4,10 add 16 to reg. A (make XM-‘l).
6 0010
e cm mI B,10 " " n [1] B " "
A 0010
C 4300 B 6018 go to 6018,
E 4000
6070 6018
To do the same task using the slow read mode, change:
600E 0044 cmd byte for slow read, interrupts emabled.
6020 2200 BFBS 0,0 branch unc. to self.
and include the following interrupf service routine:
6100 26t2 AZ 1,2 inorement reg. 1, the loc part of the PSW,
by one halfword to bypass the 2200 at 6020.

6102 1800 LPSWR 0,0 restore the PSW

Run with immediate interrupts emabled, in reg. set 0. (PSW=4000)
In the interrupt service pointer table, at DO+2x8B, put the
starting address of the interrupt servioce routine:

OE16 6100

Notes This program was written diectly in machine language; it was never
assembled by CAL, The assembler notation included here is incorrect for
CAL in that all numbers listed are in hex. In CAL, such numbers must ve
represented as X'NNNN' or ¥'NNNNNNNN', except far 0-9.
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APPENDIX D

SOFTWARE FOR TESTING HARDWARE

(See also Table 4 of AJJ-21, Appendix C)




DDI CURSOR DATA ENTRY TEST PROGRAM DISPLAY AS FOLLOWS

NSO T 53 PG Uy A
T tirThl
Display Cursor Cursor olor Interrupt Count
Number X Y (Modulo 16)
Location  Value
2000 C860 LHI R6, X'DD!
2 00DD
4 Cc880 LHI R8, X'8B! Device Code for ULI
6 008B
8 CcC890 LHI R9, X'4E! Cursor ARM
A 004 E
C 9E 89 OCR R8, R9 ARM Cursor Interrupt
E 2450 LIS R5, 0 Initialize Interrupt Counter
10 2200 B * Hang
2020 9E86 OCR R8, R6 Setup ULI for Read
2 2651 AIS RS5, 1 Increment Interrupt Count
4 0200 NOP
6 9B8A RDR R8, R10 Input Display, XMSB, Color
8 9B8B RDR R8, R11 Input X
A 9B8C RDR R8, R12 Input Y
C 9E 89 OCR R8, R9 Reset Interrupt
E CcC870 LHI R7, X'40! Incremental Code
30 0040
2 244 LIS R4, 1 Display Panel (Hex) Device
Code
4 9E47 OCR R4, R7 Setup Hex Display
6 087A LR R7, RA First Word
8 1074 SRLS R7, 4 Position Display and X-MSB
D-2
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DDI CURSOR DATA ENTRY TEST PROGRAM (Continued)

X-MSB Only

Exchange X Bytes

Add in X-MSB

First Word Again
Position Display Number
Display Bits Only

Make Number 1-4

Add to X Value
Color Only

Counter
Keep Modulo 16

Position Color

Now have color and Counter

Exchange bytes for output
Add to Y Value

Output Y, Color, Counter
Output Display, X

Exit Interrupt

Interrupt Trap Address

Location Yalye
. 203A 0474 NR R7, R4
C 94BB EXBR RIll, Rl1l
. E 06 B7 OR R11, R7
40 087A LR R7, RA
2 1071 SRLS R7, 1
4 C470 NHI R7, X'30'
6 0030
8 CA70 AHI R7, X'10'
A 0010
C 06 B7 OR R11, R7
E C4A0 NHI R10, X'F!
50 000 F
e 0875 LR R7, R5
4 C470 NHI R7, X'F!
6 000F
8 11A4 SLLS R10, 4
A 067A OR R7, R10
C 94177 EXBR R7, R7
E 06C7 OR R12, R7
60 984C WHR R4, R12
2 9848B WHR R4, R11
4 1800 LPSWR 0
0O1E6 2020 DC X12020!
Run Program from X'2000' after insuring that the
' PSW is X'4000',
If Not X'4000', perform following:
) INI DATA X'4000' FN1
DATA X'2000' ADD INI RUN




