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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 ras ter-scan color television

monitor.

The most significant advantage of this system over conventional mono-

chrom e 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 independentl y of each other. Front-panel controls
determine distance and tim e scaling, orig in location, range , altitud e , and
time marker spacing and range cell width. Contour threshold colors--

O (black) through 15 (red)-- and levels (0 through 99) having been set up on

an array of thumbwheel switches can be entered int o any or all of the
dis plays in the form of a legend or color key.

Memory requirements have been limited to about 328, 000 bits per

dis play by pe rform ing operations 8uch as coordinate conversion, scaling,
t ranslation, introd uction of markers, and video contou ring 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 colors arid levels as well as parameters
such as antenna angle , marker  spacing , and tim e are presented w ithin 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 S can-
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 , locat ed with both the
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master and remote systems , communicate with each other over the same

line.

The Display Data Interface permit. manual or automatic transfer of

image data between the refresh memories and an external minicomputer.
A trackball-positloned cursor enhances operator Interaction with both the
scan converter and the computer.

Time-division multiplexing of the memor y buss among the four
disp lay channels in the Maste r Scan-Converter Refresh Memory permits
different oper ations to be accomp lished simultaneously in different channels.
For exam ple, it is possible to coordinate-convert, contour, and store
radar video in one channel , while transmitting image data f rom another
channel to the Rem ote unit and interacting with the computer in a third
channel.
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SECTION 2. GENERAL DESCRIPT ION

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 Pr ocessor

Front panel controls related to scan-converter ope ration are located
on the Scan Conversion Pr ocessor and are connected to various cards within
it as shown. The Scan Conversion Processor accept s synchro or b inary
input s for ai~~ nna azimuth and elevation ang les as well as video and tim ing
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 int o

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 Transmiss ion 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.

5Wjthin a given channel, video storage has priority over transmission.

2- 1
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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

Log ic In ter face  ~UL I) of an Interdata 7/32 minicom puter. The minicomputer

t rea t s  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 re f resh  memory  at

that position t ransmi t ted  to the computer by operator interaction through the

D isplay Interface Control panel.

2. 1.2 Memory Interface Unit s

Each MIU (M emor y 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  s torage and log ic in each MIU enables it to alter data in its

m e m o r y  as commanded by the Scan Conversion Proce~ cc .

2 . 1 . 3  Memories

The image s torage media are conventional AMPEX magnetic core

memory  sys tems having 8192 40-bit word s for each disp lay. They have

split cycle t imes of 750 nanosecond s and self-contained power supplies

which also power each associated MIU. Data sheets are included in

A ppendix A.

2.1.4 Displays

The disp lays are 19-inch CONRAC delta-gun color units of the type

used as m onitors in television studios. Each unit has red , green and blue

video inputs driven by it~ M IU. All of the disp lays are synchronized by

the same H and V drive pulses f r om the Scan Conversion Processor. Data

sheets for  the monitors have been included in A ppe ndix 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.
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four-wire Type 3002 priva te 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 20 1-9 MODEM , along with a table describing
the jum per positions and cont r ol settings necessary fo r direct four-wire
con nection to the remote unit , are included in Appendix A.

2.1.6 CRT Alphanumeric Display Terminal

The Inf oton VISTAR/GT terminal has a CRT Al phanumeric Display with
refresh memory to store up to 24 lines of 80 characters each received
either f rom its own keyboard or from tha t of the remote unit. The terminal
operates in half-duplex mode on an external clock supplied by the MODEM.
A data sheet is includ ed in Append ix A.

2. 2 Remote Refresh Memory

2 .2.1 Remote Refresh Memory Receiver

On the f ront  panel of this dra wer are mou nt ed all cont rols needed for
normal operation of the RRM (Remote Refresh Memory). The only circui t
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

cont rol 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 sam e 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 Z . 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 pos it ion
for normal viewing. The INT SY NC/EXT SY NC 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 CONTRAS T 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 cont our Threshold Entry

The contour threshold switches are arranged in the same pattern on the
front panel of the Scan Conversion Processor (see Figur e 3-1) as on the
actual displays. Any of the 15 color-selectors can be set to any color
between 0 (black) and 15 (red). * The 14 level-switches should be set up
in ascending magnitude order from bot tom to top. An area of the di splay

will take on a color of a given patch if the corresponding signa l processor
output is equal to or greater than the level below the patch and less than the
level above the patch. Should these levels 1~e set to the same num ber , the
color in the patch between them will neve i 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 ope r ator need only
depress the STORE THRES HOLDS button for each dis play in which this set
of contour th resholds is desired. The previous set of thresholds in that
memory is then replaced by the new set without affecting the other di splay

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 subseque nt incoming video will be
contoured accordi ng 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 ran ge cell width of the radar signal processor. Any of the display
formats  selected by the MODE switch can be set up in any di splay or

combination of displays by de pressing the desired STORE VIDEO switches ,
which are active when lit. When a STORE VIDEO switch is on , the num ber
below the correspond ing display is illuminated in red. STORE VIDEO
operations have priori ty over image transmission or com puter interface
which requires memory addressing within each display channel.

3.1.3. 1 THI

MODE switch position A se lects the THI (Time-Height Indicator)

display format where time is presented along the X-axie and heig ht appears

along Y. The letters ‘TH’ appear in the first line of characters in the
parameter area at the lower ri ght of the screen. The display emulates a
str i p chart rec order ’s operat ion , with new data appearing at the right
while all other data are shif ted left . New data appear always in block 24,
the ri ght most block and the one adjacent to the ancillary data area (See
Figure 4-8). Its ten point s 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 filli ng block 24 begins again with subsequent data. When all 25 blocks
hav e been filled , the next new data point causes the left most block t o be

shifted off the end and lost. The display thus contains between 241 and 250
con tiguous time cells representing the most recently received data , with
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time increasing to the right. Meanwhile , the vertical axis represents
altitud e just as in the RHI mode.

All counte r s req uir ed for genera ting 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 displa y not be erased before THI data are stored In it , the old data
will grad ually be shifted left and lost.

3. 1.3.2  PPI

The PPI (Plan Position Indicator ) mod e 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 deg ree.

3.1 .3. 3 RHI

In the ItHI (Range-Height Indicator) mode , the dis play will present

ground rang e along the X -axis and height along Y. The antenna azim uth
angle is shown after AZ , in the parameter area to the nearest degree.

3.1. 3.4 CAPPI

The CAPPI (Constant Altitude PPI) mode, permit s use of any
combination of displays with the CAPPI ALT ITUDE switch settings appearing
after AL in the parameter area at the lower ri ght of each involved display.
In this format , each dis play represent s a PPI at the altitud e selected.

3.1.3. 5 CROSSHATCH

Mod e 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).
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r
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 display

elements at ( X , Y); (0 , 0) is in the upper left corner , ~while (249, 247) is in the
lowe r right. The center , normally used for PPI formats , is (127 , 124).

ALTITUDE (RH I 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 j RHI Model

SWITCH POSITIONS ! ±
ALTIT UDE 128 KM 64 KM 32 KM 16 KM
RANGE 256 KM 128 KM 64 KM 32 KM

Except for aspects associated with the X-axi s, operation in THI is
the same as in R.HI. The X-AXIS ORIGIN LOCATION switch does not affect
the origin locat ion, 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 RA NGE 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 (U Markers)-

RANGE SCALING Switch: ±
Seconds/cell: Normal:* 30 15 7.5 3. 75

Fast:** 2 1 .5  .25

Minutee/2 50 Cells: Norrn al:* 125 62. 5 . 31.25 15.625
Fast:** 8’ 20” 4’ 10” 2 ’ 5” 62. 5”

RANGE Normal* Fast**
MA RKERS Minutes/ Sec.] /Switch Marker Marke r

32 32 128 64 (3) 128 (1) 256 (0) 512 (0)
16 16 64 32 (7) 64 (3) 128 (1) 256 (0)
8 8 32 16 (15) 32 (7) 64 (3) 128 (1)
4 4 16 8 (31) 16 (15) 32 (7) 64 (3)

~X-AXJS ORIGIN LOCATION switch set to any EVEN number.
**X~AX18 ORIGIN LOCATION switch set to any ODD number.

3. 1. 5 Marker Spacing Select ion

MARKER switches are provided to select ALTITUDE , RANGE , or

tim e marke r spacing. In PPI or CAPPI modes , the selected r ange 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 for mat :
M (altitud e marker spacing); (range marker spacing) in kilometers.

In the THI mod e, the top line of the parameter displa y area will be
THØØM in the normal-scaling case or THØØS 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 marke r spacing s are indicated in the second line of the parameter
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area in the following format: M (altitud e marke r spacing in kilometers);
(range marker spacing in minutes or seconds). In the case where 128

seconds/marke r has been selected , the semicolon is replaced by a “ 1” .

3.1.6 Time Cod e

The lowe r r ight corner of each dis play 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 disp lay.

3. 1. 7 Multiple Data Source

There are four video input s to the scan conversion processor. Timing
signals for coordinate conversion are derived from radar and range trig gers
associated with the input connected to Ji. When MULTIPLE DATA SOURCE
has been selected , the video signals at input s Ji , J14 , J 13 and J 12 are
made available for stora ge on displays 1, 2 , 3 and 4, respectively. In the
absence of MULTIPLE DATA SOURCE selection , the video input on J i is

made available fo r storage on all displays .

3. 1. 8 Image Data Transmission

The DATA TRANSMISSION CONT ROL panel is pictured in Figure 2- 1.
When the MODE switch is in its OFF pos ition, the other two controls are
disabled. With the MODE switch in the TRA NSMIT position and the TEST
CLOCK switch OFF, depressing the START button initiates the transmission
of data from the displa y memory selected by the DISPLAY switch. The
STA RT button will light immediately and will remain illuminated until the
t ransmission has been completed. The transmission time duration, in

second s, is given by 386/f . where f is the clock fre quency in kHz . The light

wil l not com e 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 mod e operation is similar to transmit mode operat ion, except
that the serial output is disabled and the time duration Is doubled. In TES T A ,
the image in the source display memory is copied into another memory as
follows: 1 to 2; 2 to 3; 3 to 4; 4 to 1. In TEST B, a similar process takes
place except that the timing and addresses are scrambled between the source
di splay and the other display so that a pattern corresponding to the line sync.
cod e prefix and line num ber code appears instead of the image fr om the
source disp lay. If , after running TES T A . both displays are identical , then
serial data are correct at a point just before the actual line drive r in the SDF.
If , after running TEST B , the characteristic pattern (compare with a photo)
is observed , then the sync . code pr efix and line number cod e are correct at
the Une drive r input. The test modes can be run much more rapid ly
without the modem clock by substituting instead the TEST CLOC K
selected on th e 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 illust rated in Figure 2- 1. Except for the ERASE DISPLAY buttons ,
all of the switches on the cont rol panel also serve as indicators controlled by
the ir state and/or the DDI (Display Data Interface) within the scan converter.
The DISPLA Y MEMORY ACCESS controls , when lit, Indicate that wr ite
and/or read data transfers are enabled in the hardware. If an SDF test
mod e has been selected , or if either a data transmission or store video is
in progress in the display channe l last selected by the computer , th en these
indicators will not be lit. However , DDI ope rations not~~eq uiring memory
address access are still possible .

The scan converter ERASE VIDEO but t ons used in normal operation do
not erase the entire screen; the contour threshold legend area is left unchanged. 

-

In addition , a mask obsc ur es f rom 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 CONT ROL panel not only er ase
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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
appro priate 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 CURS OR 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 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 ed ge , the cursor

disappears. When moved beyond the right edge, it reappears at the left

where it f inally stops about an inch from that edge; however, if the SEND

DATA button were pressed with the cursor in such a pos ition, the address

would be wrong. )

The color/intensity code covered by the cursor, as well as its coor-

dinates , can be entered int o the com puter by pushing the appropriate SEND
DATA button. The corresponding cursor muet  be switched ON for this
action to be recognized. The SEND DATA switch will light when depressed ,
if the JiM 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 com puter. 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
jitte r-free close viewing can be used.

3 9
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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 t urn-off and can be used to save images for ind efinite periods of time ,
since the memories are non-volatile .

3. 1. 13 Alphanumeric Data T ransfer

Whe n image data are not being transmitted by the SDF, the CRT
alphanumer ic disp lay terminal can communicate with its counterpart in the
RRM in the normal half-duplex mode. While the SDF is transmitting, alpha-
numeric data f rom the RRM will be received by the MASTER unit but
tra nsfer in the other direction is not possible.

3. 2 Remote R ef resh Memor y

3.2. 1 Reception of Images

When the ope rator of the Master SCRM initiates a transrnis8ion , the

data de scribing an image are transmitted serially via the MODEMS and data
line (see Figure 2- 1) to the Remote Refresh Memory dis play unit . The
control pane l for the remote unit is shown in Figur e 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 possib ility 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 on1 the recei ver ignores the normal input s
and instead accept s data and clock signals from an internal test pattern
genera tor. This test , if the correct pattern is observed , verifies prope r -

operation of almost all RRM circuitry- -only a m ultiplexer and the line

receivers are not tested . Unlike the one-shot transmission of data from V
the Master SCRM, the test pattern generator runs continuously. The test
pattern Is atao 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 Tranafe~

See 3. 1. 13
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SECTION 4 . DETAILE D CIRCUIT DESCRIPTION - MASTER SCRM

V 
The descriptions appearing in these sections generally refe r to diag rams

inc luded among the text. In some cases; however , it might be helpful to

refer  to the actual schematics. A com plete listing of drawing s applicable to

the third scan converter can be found in AJJ-49 of Appendix C.

4. 1 Ang le Interface Unit

The Ang le Interface Uni t , located in the upper-rear position of the
coordinate c onverter drawer , accept s synchro azimuth and elevation data in

standard R 1, R 2, and S1, S2, S3 format and converts these data to the
following outputs:

Scaled BCD azimuth ang le , 1° resolution ( for parameter
e \area of display

Scaled BCD elevation angle , 0. 1 resolution

Sine/cosine azimuth 13 bits
(for coordinate conversion)Sine/cosine elevation 13 bits

Elevation greater than 12 .65 ° flag } (for CAPPI)

A zimuth and elevation synchro input s are converted to 14-bit binary
numbers (MSB = 1800 ) 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 output s are fed both
to rear pa ne l connector J3 through line drivers and to multi plexers A2l
through A24 and A7 through AlO**. These mult iplexers select binary-ang le

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 .

**Actuall y only 12 bits of Azimuth and Elevation are included in J3 and J4 at
the rear panel; the two additional elevation bit s, both inç*i t and output , are
c onnected to J2 - See 897392.
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system from a digitall y generated angle source . If J4 is not connected , the
multiplexer select line is pulled up so tha t the converter output s are selected .

I~inary-ang1e data are next converted to sine and cosine In an interface V

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 A 16 through A 18.

An Interface Engineerin g binary angle to scaled BCD conve r ter ,
model 107*, provides the drive for the antenna ang le 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 dis played in the RHI mode; while elevation is
displayed in PP 1 and CAPPI modes.

Multiplexers A3 , A4 and AS line shift the scaled BCD four lines down
when dis playing elevation to provide the increase in resolution from 10 to
0. 10 .

The magnitude comparator s, A20 and A25 , generate a logic one when
the antenna elevation angle exceeds 12.65 0 . This output Is used by the
coordinate converter In the CAPPI mode to initiate the 20 elevation step.

4 ,2 Coordinate Converte r

The Coordinate Converter derives the cartesian memory address from
the radar parameters of elevation angle , azimuth angle, radar tri gger 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 show n In Figure 4- 1.

*See Appendix A .
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4. 2. 1 Angle Parameters

In the ang le Interface unit , there are two synchro-to-dtgital converters;
one dedicated to the azimuth angle , 8, and the othe r dedicated to the elevation
angle , ~~~. The output s 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 in a D
type register:

sin 0

cos 0

~ e
~~ e

4. 2.2 Fixed Constant Multipliers

In the RHI display, the altitude is R sin 0 , and the projection of the range
is R cos 0 where R is the range expressed in kilometers. Card numbe r 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 L.SB. For a Z Msec unit range c.ll , 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 ar ranged tn
an a r ray  suc h that the input is multiplied by a constant. Groups of 4-bit
adders are pyram ld.d to form a subset of 4-bit numbers with all the carry-out s
fed into the carry— input , of the next higher order 4-bit array. The schematic
diagram shows the arra y in detail and also in block diagram format. The line
shifter following each multipli.r array is controlled by the front panel switch
tha t selects th. range gat.. The line shifter , in effect , multiplies the output
by 1/4 , 1/2 or 1 cor r sspond ing to th. rang. gate widths of 1/2 ~ sec , I ~ sec
or 2 M sec. A secondary lin, shifte r Operat e s on the unit range vector cos ~
and is usid for scaling in the PPI mod..
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4. 2. 3 PPI Mode - T rue 12 x 12 Multipliers

In the PPI mode, the projected range , R0 cos e, is broken up into its
X (East-West) and Y (North -South ) coordinates . The azimuth angle 8 is measured
from the North-South line such that

X = R cos O cos 8
0 0

and y
0 R0 cos O sin e

Since R 0 cos 0 had al read y been established in one of the fixed constant
multipliers , two other multipliers are used to establish X0 and Y0, the un it

component vectors for the PP I display. V

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 summa tion pyramid are detailed in the
schematic drawing of the 12 x 12 multipliers.

Card 2 of the coordinate converter thu. develops the unit altitude
sin 8, the unit range R 0 cos 0 , and the component vectors of the unit range

cos 0 cos 8 and R 0 Co. 0 sin B all evaluated in kilometers.

4.2. 4 Address Accumulator. - Ca rd 2 and Card 3

The unit coordinate, have been derived for the first rang e cell. Coor-
dinate s for other range cells can be easily obtaine d by taking advant age of the
fact that the range cell numbe r increases linearl y in a radar. Thus , the

coordinates for range cell ; + 1 are the coordin ate s for rang e cell j added to
the value of the respective coordinate, of range cell 1. Thu 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 rang e gate clock of the inte gra tor to
form the cartes ian coordinate addresses.

a 4-5
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For the RHI mode of operation , the Y address correspond s to the scaled

altitude and the X address is the scaled range. For the PPI or CAP?! 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 mod e switch controls the multiplexer to select the
appropriate coo rcdnates as shown in the block diagram. After the multiplexe r ,
constants controlled by thu mbwheel switche s can be added independently to
the X and Y coordinates to affect translation in both directions . A hard limiter
circuit is used to prevent ove r flow and erroneous addresses.

4. 2. 5 Rangc and Altitud e Markers

The outputs of both the range and altitude accumulators ar e 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
cha nges state is used as the marker pulse. The circuitry consist. of comparing
the selected bit with the same bit ~1eIayed one clock period in an exclusive or
circuit to form the marker pulse. The marker pulse goe s through the
synch ronizer to produce the range mark enable ( R.ME) signal. Range
markers are disabled in THI so that elevation angles other than 90°
can be us ed without spurious marker problems.

4 . 2 . 6  CAPPI Mode

In the CAP?! mode, the antenna sweeps 360°, or a segment the reof at a
sing le elevation ang le and upon reaching its starting or terminal position (for
less tha n 3600 sweep) the elevation ang le is incremented and the process is
repeated. A typical CAPP I will use the following elevation ang les , 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 crud el y establish a map of a prescri bed altitude or many alti-
tudes , since , in gen e ra l , each rada r beam will pass th roug h all possible alti-
tudes. By carefully selecting and stor ing the incoming data , it is possib le to
develop a constant altitude PPI map at any give n altitude . Becaus e the elevation
angle of th. antenna is Inc r.m.nted in small step. , a map at pr ecisel y the
desired elevation would provid e very few sampl e points ; it is the establi shed
procedure to samp l. the elevat ion 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 CAPP I elevation angles and

the dotted line s represent elevation angles between the CAPPI rays. For eleva-

tion angle Oj , 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 reac hed by the

altitud e vector associated with the ray at 0 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 ang le.

In the coordinate converter , the altitude is developed in the altitude
accumulator f rom the unit altitude vector R0 sin 0. A unit high altitude vector

R sin ( 0  4 1/ 2 )  and a unit low altitude vector R 0 sin (0 - 1/2 )  are also developed

and introduced into their respective accumulators to form the high and low

altitude addresses res pective ly, AH and AL.

For small angles , the approxim ation s

sin (0 + f) .” sin e + sin l
and

sin (0-f) ~ sin 0 - sin 1

were  used.

The selection cri teria for a preselected altitud e A3 is the following:

AL � A. � AH ; store data in .th memory

For each alti tude , 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
trigge r and range gate clock from the integrator. Synchronization between the
Coordinate Converter and the integrator is the major reason for slavinR
the coordinate converter to the integrator. However , synchronization is not
sufficient in order to format data rates greate r tha n 0. 6 MHz , the fastest data

4-7
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rate the memories can accept . For instance , it would be impossible to accept
1 gs sec range gates directly from the integrator, but it is possible to receive
alternate 1 ~isec range gates from the Integrator durin g one radar period and
the previously non-selected 1 ~isec 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 whic h 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 ~ sec clock into the

synchronizer. The 2 assec clock is ilso derived from the gated range gate

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

4. 2. 8 Synchronizer

The Coordinate Converte r and the memory unit run on independent cloc k-
ing signals and the synchronizer is the means for inte rfacing 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
MH z 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 lnformation(tbe store commands).
Since these 29 bits come in parallel, operation of the synchronizer can be
understood by considering a sing le bit. Figure 4-5 is a simplified block

dia~ r an i  of the synchronize r and the timing waveforms showing the opera tion
of the system. Incoming data are stored in one of two D-type registers such

tha t each DATA BIT is stored for 2 clocking cycles. The purpose of the
synchronizer is to insure that the da ta are “good ” , i.e. , there is no chance of
a data ed ge or change during the time tha t the memory clock strobes out the
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data. It can be show n that at least one of the data inputs to the multiplexe r
will not change during the strobe time (pos. edge) of the memory clock. By
strobing ( C0 ) into a D-EDGE register using the negative edge of the memory

clock will provide an output signa l ~~ that can control the multiplexer to select

the signal that is gua ranteed to be good” by the time that the positive edge
of the memory clock come s along. Notice that there can be an ambiguity in

Itself , i. e. , assume (C0 )  is changing at the time the negative edge of the

memory clock arrives. This ambiguity, however , does not pr oduce 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 registe r
cannot change for 2 Macc (the C0 clock per iod ) and the data will be strobed
out in - 8 ~ sec , 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 fi nd 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 implie s that the same data will be reentered
at th e same memory location , causing no change. The synchronizer is on
card 3. Additiona l bits of the synchronizer , located on the VDU card to be
desc r ibed , operate on the three additiona l video input s 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 rada r period,
a gated delay line oscillator is turned on and drive s a counter. The counter
is decoded to derive the approximate control line code to obtain the desired
function of either sin 8 , cos 8 , sin 0 or cos~~. When this function is available ,
it is strobed into the appropriate D-re gister shown In the block diagram.
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This is done only onc e every radar period . The input to the coordinate

accum ulators are those unit vectors that have been determined on the

previous rada r period .

4. 2. 10 Earth Curvature Correction

A correction ter m is added to the altitude address to correct for earth
curvature. This cor rection 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 de rivation of the correction term is shown in
Figur e 4-6 .

4. 3 Display Control Unit -

The DCtI card contains circuitry which gene rates all internal timing

signals required by the other SCRM cards , the color displays and the
memories. The memor y control signals which command the core memory

modules ro perform various functions are developed on the DCU. The

ancillary data for all four dis play channels , includ ing color patches and

alphanumeric character s , 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 fr eq-sency division of the 11. 95804 1 MHz
crysta l controlled clock. Discuss~oe ~f 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 disp lay form*t along with
waveforms. Along the X-axis , the display is organized int o ten-point blocks
designated DXBO throug h DXB3I ; each period of R corre sponds to one block.
Since each point requi re s four -bits for color/intensity coding, 40 bits ars
needed to specify each block. A memory with 40-bit words has been chosen
so that one word in the memory repr esent s each block , 32 words at consecut ive
addresses describ e a line , and 8192 words contain the entire image.
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where R is radius of the earth.
Ct 0

But for small angles ,

2 f z
cosCt = l2~

_ .. hence , h = R0~ 2~-

Also for small angle s a ~

(w ’\2 1 - w2
h _ R O~~,R )  2~~~2R 0

Note: B. = 3900 srn i But W = B. coso

(6275. 1Km) used in 2
ROM Pr ogram . h~~ 

(R
2~ os0 ) 

= K (R cosø ) 2

Figure 4-6. Earth Curvature Correction Term
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rigure 4-7. DCU Block Diagram
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In order to refresh the displa y , each mem ory is sequential ly read

while the CRT beam scans out a raster ; this read cycle is always done while - -

B. is high , after the memor y 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 comma nd is received from the coordinate converter
or if an MWE signal is issued by the DDI or SDF, data are written into the
memory at an add ress com puted by the MAG .

The logic array generates waveform s, 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. Wa veforms which need to be functions of both DXB
and DY are derived f r o m  them; for example: PA = PA(X) PA(Y) . The logic
array is implemented w ith two 32 x 8 PROM ( Programmable Read Only
Memories) and a collection of decoders and gates. A truth table for these
PROM s, C16 and DZ0 , is tabulated in A ppend ix B, while the addressing
and output waveforms are illustrated in Figure 4-8.

Int erlaced scanning, possibly useful to fill interline gape for photo-
graphic purposes 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 show n in Figure 4-8.
Timing of the H-drive pulse is adjustable over a rang e of +3 microseconds
by means of the potentiometer in F28. This adjustment can be used to center
the image in the raster of the dis play.

T he memory func tion control logic generates SIC , SOC and RMW
signals (to be discussed in the MIU section) which initiate various types of
cyc les in the mem ory. The AD GATE enables entry of ancillar y data
(contou r 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 output s of this counter , AS, select one of
the CAPPI ALTIT UDES from the front panel switches for entry into the
parameter area of the corresponding display .
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The erase logic gene r ates properly times ZID signals which cause all

zeroe s (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 add resses in resporse to an ER signal. For use in the THI
dis play format , the erase log ic is also designed to permit the following
operation when BERD is low. For those channels with their STORE VIDEO
switches on, du ring block 24 time only, the data accessed for refresh are
erased . By holding BERD low for at least one com plete raster scan , what

appears as block 24 on the display can be er ased.

The decimal point required in the elevation angle is located in point

two, whereas all othe r anc illary data fall into point s five through nine;
hence , the decimal point requires a separat e signal developed by the DPE
generator. The RLS signals , needed by the DDI , are simply the output s

of the STORE THRESHOLD S but t ons clocked by DY8 (one per field).

4. 3. 2 Ancillary Data Formatter

In order to minimize wir ing complexity of the array of contour threshold
switches , encod ing diodes are mounted on the switche s themselves as indicated
in Figure 4-7. One switch at a time is selected by CPI throug h CP1S (CPA
decoded , see Figure 4- 8) as the dis play r aster is scanned. The color switch
output s are applied to the AD BUSS (a 20-bit bus s 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. Sim ilarl y 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 throug h the DDI make u se of t hese codes which are not visible on the
display because a MASK waveform is applied to the M I I I .  The numbers

themselves are generated in a row-select five-by-seven alphanumeric
• character gene rato r ROM (see A ppendix B) which output s five bit s in

parallel to a character color encoder. This encoder generates a jum pe r-

• programmable four-bit cod e, now set up as green (0111) or black (0000) for

each of the five point..
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r
The ancillary data (angle , altitud e, marker  spacing and tIme) are

entered into the character generator at the proper time by an array of multi-

plexers. The mode line s, from the fro nt panel mode switch via the ang le

inte rface unit , drive a mod e decoder which controls the multiplexers and

applies the proper alphanumeric ident ifiers; AZ , EL, AL , TH , 5, M , RM
or T which are hard wired . Ori gin location and range/altitude scaling
information is stored only in two unique color patches (see Append ix C,
AJJ-21 , Figure 3) and not as alphanumerics .

Signals appearing on the AD BUSS or on DPE are not displayed directly,

even thou gh they are synchronou s with the raster scan format . Rather , the

data are stored in the memory when appropriate store commands are issued.
Only the memory conte nts 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 MW. (see Figure 2- 1). This multi-
plexing provides the equivalent of independent memory busses for each of
the display channels , thereby per mitting simultaneous operations in different
cha nnels . For example , it is possible to contour and store video data in
one channel while writing from the com puter (through the DDI) in another
and transm itt ing (by means of the SDF) fr om 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 Bus s

The MAG block diagram in Figure 4-9 contaIns prior ity logic implemented
with a PROM (see A ppendix B for U2 8 on MAC) which establishes the
following intra-channel priority:

1. Coordinate converter (store video)
2. SDF (image transmission )
3. DDI (compute r interaction which requires memor y address buss)
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The outputs AASK and TASK (~kieze 1’ K ~ 4 denotes the di splay channel),

when multiplexed by the high-speed clocks A and B from the DCU , select the

appropriate sourc e for  application to the IX , IY inputs of the MAG during each

time slot (see the timing diagram in Figure 4- 10). A lthough each time slot

is only 167 neec wide, use of twis ted-pai r  transmission lines and Schottky

logic in critical paths ensures adequate margins. The select line s AASM
and T ASM drive mul t iplexe r s on the DDI and SDF , respectively, to connect

the MA C input reg ister 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 MAC input register is converted in a

Schottky CODE CONVERSION PROM (MAC D8, D9 in A ppend ix B) to the
5-bit block-select code IXB and the 4-bit point-select code IX?. As is
descr ibed  in the Mlii section, IXB is concatenated with IYB to form the
13-bit memory address , while IXP selects which of the ten point s in the
addressed block will be changed.

In THI , the hard-wired numbe r 24 takes the place of the PROM IXB
Outptit B , while BXP f r om the time ba se generat or (to be described later)

appears on IX?. IXP is clocked into another register which, through a
bus s d river , becomes the actual XP buss. Meanwhile , IXB and IYB are
selected by a mul t iplexe r d uring R- -this may seem backwards since these
addresses are needed during ~~, but a look at Figure 4-10 will explain that
the addresses are being processed in advanc e 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 programme d to perform the f~
operation described in a later section. Finally, the addresses are clocked
into another register which also com plements 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 DA TA SAVE switch on the
power control panel during power turn-of f .  During R~, the EDXB , EDY signals
f rom the DCU are selected to drive the MA bus s through the same r otation
ROM , register , and line drivers.
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4 .4 .2  Time Base Generator

The time base for the TN! mod e is developed by division of the lowest

frequenc y scan counter bit , having average frequency dependent on which
raster scan mode has been selected. Division of L by 225 y ields a clock FCK
with a period of 3. 75375 seconds for the interlaced mode and 3.74660 second s
for the non-interlaced mode. For the scaling specified in Table 3-2 . a basic
clock with a 3. 75 8econd period is needed; u~e of L divided by 22 5 result s in

an error of about + l 0 ~~ , but this error only corres pond s to about 1/4 of a
cell out of the 250 cells acros s the displa y and should therefore be tolerable.
In the fa st mod e , selected by ~U! (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 goe s to state 31 (or 241 in the Fast mode)
after having reached 255. The Becond binary counter has modulo 512;
various combinations of its three least significant output s are selected by a
multiplexer to obtain BCK , the basic time clock , shown in Figure 4-11 for a
RA NGE SCALING switch position of 4. When the scan converter MODE
switch is not in THI (position A), all of the counter s are held in their starting
states.

In the marker logic, more significant output s of the modulo 512 counter
are decoded and selected as a function of the RANGE MARKERS switch
pos ition to generate the tim e marker enable signal TME , show n in Figure 4-11
for a ran ge marker switch setting of 4 (4 minutes between markers in the
normal mode). Note that alth ough the TME pulse does not occupy an entire
tim e cell , it always occ ur s at the end of the cell so that all colors writ ten

in that cell are ultimately written over by the marker color. TME goe s to
the YDU and is distributed to the MIU’s via the RME (Rang e Mark Enable )
lines.
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The counters within the Time Base Generator which establish the X

address for wr iting data in the r ef resh memory are a are arran ged 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 bet ween 0 and 24 , re pr esents the number of blocks by

which the TN! display cu r rent ly 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

RN K for that channel (Rotation will be discussed further in the next section) .

The complemented address is used so that r ead and w rite do not occur

sim ultaneously at the same re gister file address.  When the system is not in

the THI mod e, BRN is forced to zero in the time base gene r ator. In TM!,

the writ e X-address changes only once eve ry time cell. Even in the fastest

time scaling possible, this address does not change for 0.25 seconds, thus

permit t ing data to be stored again and again in each verti cal disp lay column

for many radar periods. The Y axis in TN! is addressed by the coordinate

converte r ju st as in the RH! mode. The set of data present at the very end

of each time cell is that which remains when the writ e X-address is incre-

mented to the next time cell.

Before beginning to fill in points within a block just shifted int o disp lay

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 describe d at the end of section 4. 3. 1. Again , becaus e of the long duration

of each time cell , this block erase occupies a maximum of 1/15 of the f irst

time cell in each block and appears to be instantaneous , j ta t as the normal
erase does. BERD is available at the rear panel at 39, labeled THI BLOC K

SHIFT, for applications such as automatic camera shutter triggering.

4.4. 3 Rotation

The 1024 x 5 ROM , made up of four PROM. (MAC Cl l -C l 4  in
A ppendix B) Im plement . the rotation function for both read and write X
memory addresses:
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XB ~ RN K = XB ~~ RN K; X B < 25 (display area , Figure 4-8)

= XB ; 25 ~ XB (ancillary data area , Figure 4- 8).

L— modulo 25
where X B 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 numbe r RN K appears on RN , having been read f rom the 5 x 4
reg ister file addressed by A and B. For example, displays 1 and 2 might

contain RHI’s so that RN 1 = RN 2 = 0; display channel 3 might hold a THI which

has undergone 17 block shifts, hence RN3 = 17, while display 4 might be

occ upied by a THI which had been stopped earlier with RN4 = 9. The RNK
a-e five-bit numbers , each ranging from 0 to 24. They rotate their respective

displays only in the display area as described quantiticrel y 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 includ e the ancillary data area , the

ancillary data entry operation is not affected . The eras e 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 TN!
display rotates under it and the color data obtained by a cursor data entry
corres pond s to what is disp layed under the cursor .

During ~, 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 r otated so that , for exam ple , when a THI is trans-
mitted , it does not appear additionally rotated in the remot e display. If th a
STORE VIDEO switch for channel K Is activated in TM!, the n the block
number BRN f rom the time base generator Is stored in the register file as
RN K. If the store switch for channel K is activated In any scan converter
mod e other than TN!, then zero is stored in the register file as RNK. Thue ,
THI displays can be retained while P!’!, RH!, or CAPPI presentations are
entered int o other channels and vice versa.
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When storing a THI in channe l K , 24 ~ BRN appears on the MA buss.

Thus , suppose BRN 3 (three “bloc k shifts ” have taken place), then the

actual X block being addressed in the memory is 24 ~ 3 z 2. Meanwhile,

RNK has been set to BRN so that the data appearing in the block 0 position on

di splay K are from memory block DXB m RNK = 0 ~~ 3 = 3, those in

block 1 are from memory block 4, 2 2 from 0, 23 from 1, and display block

~~ is from memory block 2 , which is where the writing is going on. Mean-

while, the XP bus s is driven by BXP from the tim e base generator and the
rest of the memor y address , which correspond s to Y on the display, come s

from the scan conve rter 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

(Mlii ) which are identical rack-mounted drawers .  Address , clock , and

gate busses are supplied to the MW in a daisy-chain configuration where

each unit taps off a twisted-pair cable which is resistively ter minated only

at the last MW (No. 1). A block diagram of one MIU is presented In
Figure 4-12; the detailed descriptions of various compone nts within it are
contained in paragraphs foU~owing 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 type s of memory cycles. Each cycle occupie s one -half
period of the square wave P. (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 determiae s whethe r 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 th. four types of cycles happens In response
to commands when the raster scan address DXB. DY is in certain areas of
th. dis ,~lay.
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Table 4- 1. Memory C ycle s

Commands Type of Memory Cycle
P - Memory When DXB , DY is in each

Video Legend meter Addres s Area of Display (see Fig.4-8):
R Store Store Erase Store Bus s DA LA PA Retrace
1 X 0 X X DXB ,DY RR P.R RR 0
1 X 1 X X “ RR RW RR 0

I X X 0 X “ P.R RR RR 0
X X I X “ RW RR RW 0
X X X 0 “ RR RR P.R 0

1 X X X 1 “ RR RR RW
o 0 X X X LXB, IYB P.R P.R RR P.R
o i X X X IXB , ZYB RMW RMW RMW RMW

Listing of T ypes of M emory C ycles (see Figures 4-12 and 4- 13)
R Cycle Description —

1 RR READ-RESTORE. Data from memory address DXB , DY
are tra nsferred to the parallel/serial converter and are
available to the DDR multiplexer. Unchanged data are
restored at the same address. This cycle is us ed for
providing video information to refresh the ras te r - scan

dis play.

1 IDLE . Do nothing.or 0

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

fo r an erase operation or information from the AD
(ancillary data) buss for legend or parameter storage ,
are written int o the same address.

O RMW READ-MODIFY -WRITE . Data from memory address
DCB, IYB are transfe r red to the mod ify/restore register
and logic , then are partially changed and written back
into the same address. This 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 ed ge of SCLK during 1~~L--see the timing dia gram in Figur e 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 ~ransitlons of SCLK. The timing

d iag ram desc ribes which point from which memory output appears at each

tim e interval. The D MAS K output (see Figure 4-12) is simply MASK , a

signa l which blacks out the undesired areas of the display, delayed by three

SCLK period s so tha t it changes only at boundaries between point s zero and

nine.

4. 5. 3 Color Encoder

The color encoder (see block diagram in Figure 4-14) accept s the four -
bit output of the parallel- to-serial  converter , and if DM ASK 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 p ssible to generate 512 different color/intensity outputs.
Voltages at each output take on eight different levels 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 arb itrary 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-column s 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 Addr ess-see Figure 4-8). In the example,
the rslativ• video valu es liste d ar e obtained by simply adding the bit weights
for each color at .ach CPA .
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4.5.4 Modify/Restore Logic, Register and Multiplexers

The RMW memory cycle is fundamenta l in that it provide s th. means by
which new data are entered into the display area. During the time when R is

False and IXB , JY B Is in the MA register , if a store video command

occurs , the following sequence of events takes place (ref.r to Figure 4- 12).
The 40-bit memory output DO is loaded into the modify/restor, register at the
positive edge of RM W. In the modif y/restore logic , one point (four-bits) as
selected by the XP bus s , is changed to v-hatever d C  (Color-I ntensityCode)
happen. 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 T able 4- 1, the intervals when R is False have been

reserved fo r RMW cycles , no matter where the raster scan counters happe n
to be. Thus , a new input data point can be acce pted once every period of R
(1. 672 5 i.tsec) . Dur ing the same period , ten adjacent point s are output to
the color encoder. This ten-to-one difference in data rates result s 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 wri t ten into the memory
in RW cycles , points two and five throug h nine can be changed simultaneously
by means of the DP an~1 A D m ult ip lexers. Ancillary data enter throug h the
20-bit  AD multiplexe r when AD GATE is true , whi le DPE causes a 4-bit  jumper -
prog ram mable code f o r  the color of the decima l point to be applied to point
two. ZID zeroes all 40 bIte during erase.
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4. 5 . 5 Contour  Gene ra to r

The lower half of Fi gure  4-12 is the contour gene r ator which accepts one
8-bit  video word and RME eve ry period of R and presents a corresponding f o u r -
bit d C  (Colorintensi t y 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 registe r files - - small ,
last memories capable of simultaneous reading and wri t ing at d i f fe ren t  addresses .

Data fro m the register files axe used in a successive approximation algorithm to
deter mine which CXC to assign to a given video input .

The incoming di gital video is both scaled and converted to BCD in a ROM

made up of two 256 x 4 PROMs , D9 and D l0  for which truth table s are included
in A ppendix B. The ROM output is clocked by PSL int o 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 int o CPA 13. The successive approxim ation register state
RA always begins as seven whereupon the contents of the Ps and 10’s register
fi les at read address  RA = 7 are compared with V. The decision made in the
com parator de te rmines  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 bit s, have been made. The final
answer of RA = 13 then addresses the Color Patch Reg ister File which
provides a four-b i t  cod e to be loaded into the CXC register  by CCK. The
second contour generator cycle at the lower right of Figure 4-13 shows all

possible st ates of RA for each step. Data sheets for the A.MD 2503
successive approximation registers have been included in A ppendix A .

The time interval af ter  CCX is reserved for wri t ing data into the three
reg i s te r  file s , as commanded by the three write strobe signals 1 ST . 10 ST

• and CPST. The write address applied to the registe r file s is CPA , and the
appropriate wr i te  strobe signal is gated-on whe n the raster scan is in the
prope r patch. Although each patch contains a five-by-four  ar ray  of identicall y
coded point s , onl y one is needed to be written into the register files. Point
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eight has been arbitraril y chosen and is thus loaded into the D register
( Figure 4-12) at PSL so that it can be entered into the prope r register file
when the corresponding write strobe signal occurs. Four write strobe s
appear durin g each field for every write address of the register files.

4. 5.6 Memory Add r ess Buss

In each Memory Interface U nit , the time-multiplexed MA and XP busses
drive registers clocked by MARC K, a pulse unique to tim e 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 MZU ’s contain
the prope r addresses well in advance of SOC . d uring which they must be
stable . The XI’ bits require an additional register 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 MARC K pulses are generated by br eaking the chain of one twisted pair
in the clock/gate bus s and delaying the MASTK clock by one period of SCLK
on each MIU .

4. 5. 7 Write Data and Read Data Busses

The WD and RD four-bit busses , daisy-chained through the MIU as
are the othe r 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 bus s directly to the CXC input s of the
Modif y/Restore Logic. The Range Marke r Enable signa l is simultaneously
rendered inoperative.

When the MDE control line is active , the tn -stat, drive r at the top of
Figure 4- 12 drive s the RD buss with a four-bit cod e corresponding to one
of the ten point s 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 Mill ;
more tha n one MDE control line cannot be active simultaneous ly lest the
bus s drivers perish.
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4 .5 .8  Cursor Interface

When the CUB (Cursor UnB lank) control signal is active , a cursor

color code is applied to the CV input s of the color encoder instead of the
parallel/serial converter output. The color change logic ensures visibility
of the cursor by def ining 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 , present ly wired as color seven (light green).

The leading edge of the CDE (Cursor Data Enable) control signal

enters  the current  four-bi t  word at the parallel/serial converter output int o

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.-S .  9 Full-Screen Ope r at ion

When the FSE (Full-Screen Enable) control line is active, the MASK

which normally blank s certain areas among the ancillary data is inhibited.

This cond ition permits use of the full screen for display of data written

through the WD buss.

4 . 6 Serial Data Formatter/ Video Distribut ion Unit

The SDF/VDU card contains two functiona l unit s which are only
ma rginally interrelated. The VDU distrubutes video data and memory
con t rol signals from various sources to the MII~ . The SDF generates
addresse s to obtai n, serially from the dis play 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 a r ray  of logic and line drivers which
serves to di stribute the eight -bit video signals from the coordinate converter
to all of the MIUs. Th e mem ory cont rol lines SIC, SOC . RMW , RME , and
ZID for each MW are also routed through the VDU , while the memor y clock,

passes thro ugh on its way to the coordinate converter.
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The video input s for MULTIPLE DATA SOURCE (inputs on J l2 , 313
and J 14) com e ir .ctl y to the VDU where , when MULTIPLE DATA SOURC E
ha. been selected , they are synchronized with the appropriate memory timing
signals and coordinate- converter -gene rated memory addresses for distri-
but ion to the assigned display refresh memory. The synchronizer circuitry
is of the same design as that described in section 4. 2. 8. Whe n MULTIPLE
DATA SOURCE has not been selected , the video input on 31 is routed to all
di splay refresh memories.

4.6 .2 Seria l Data Formatter

A multiplexe r, illustrate~ ~n the upper left corner of Figur e 4-15,
selects the X and Y coordinat e converter out put s for app lication to the DDI
address inputs TSX , TSY when TASM from the MAG is low. A decoder
detects SX = 255 so that the DCV 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 wh~ch , with the TEST
CLOC K switch off, comes from the MODEM transmit data clock converted
to TTL levels. Interface with the memory,  having faste r clocks SCLK
and PSL, is affected by separate read and write synchronizers.

The bit counter operates d ifferently between the transmit and test modes,
but its least significant two bit s TD alway . define the bit number (0-3) of the
point specified by the transm it point and line counters DC TY.

In the t ransmit  mode (see Figure 4-17) the counter has modulo four
and the write synchronizer Is disabled. Consider the tim e when TX hae ju st
cha nged from X 1-I  to X 1 in Figure 4-17. The expand ed-time-scale
waveforms show how the read synchronizer subsequently ge nerates an MDG
pulse at the earliest pos sible tim e consistent with the memory timing.
Recall that MDE is the control line which activates a tn -state RD-buss
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dr ive r  in an MW. MDG is simply applied to the MDE line for whicheve r MW

has been selected as the source by the DISPLAY switch which drives the

Test/Select logic (see Figure  4-15).  While MDC Is active , the four-bi t

color/ intens ity code obtained from the memory address  defined by X 1, Y

(th e present states of counters TX , TY)  is on the RD buss. At the trailing

ed ge of MDG , this word is clocked int o a reg ister and becomes SRD , the

read synchronizer data output . SRD is serialized by a multiplexe r , enabled

onl y during the data gate DO (Figure 4-16),  wit h its select inputs drive n by
TD . The result ing serial data is or ’d with serial sync . cod e and line
number signals , each gated on during i ts  appropriate time, and the entire

serial data stream is re-clocked by MCK to become MD which drive s the

Modem through a multiplexer and line driver which level-converts to the
ELA Standard RS 232 interface signal levels .

The preceding paragraph also applies when either test mod e is

selected , except that the Modem Data Output is disabled and the bit counter
has modulo eig ht . The WIG signal shown in Figure 4-18 initiates a write
operation in which a four-bi t  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
wri t ten 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 puls e by the wri te  synchronizer.  The test/

select logic (Figure 4-15) directs MWG to the MWE input s 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 mem or y to be copied into another
memory , while test mode B results in waveforms from the tim e when DO
is False (Figure 4-16) being written Into another memory. Test Mode B
thu s req uires that the W I puls e be active only when DO is falee and that
the X address be scrambled (TX8 com plemented) 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 TRA~~~MISSION CONT ROL
Panel is illuminated. When this momentary-contact switch is closed , CE
is Set to its true state , provided MCK exists and SDFE f r o m  the MAG priori ty

logic is t rue.  When TY has reached 253 and that line is complete, CE is
reset , the counters are re-initialized, and the SDF is read y 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, drive n
by TD and TX , generates the serial sync. code prefix and sync. cod e, line
num ber , and data gates. This array includes a programmable 32 x 8 ROM
(see SDF B 15 in A ppe ndix 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 diagnosin g troubles in the SDF , data link, or remote

ref resh memory. One , two or three errors can be purposel y introduced
int o every line sync. code prefix wit h switches I and 2. The entire line
sync. cod e can be complemented by sw itch 3, and switch 4 permits continuous,
repetitive transmission. For normal operation , switchei 1 and 2 must be
closed and 3 and 4 must be open.

The serial line number cod e is obtained by scan ning the equivalent
eight-bit parallel cod e, TY , wi th 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 c onflict between the DDI and SDF over the RD buss is resolved by
taking advantage of the fact that neithe r 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 atte mpt s to access the
display mem ory. The SDF’ s read syrchronizer  wait s one cycle if the DDI
atte mpts a simultaneous read operation , as evidenced by a WAIT signal
f rom the DDI (see dashed waveforms in Figure 4- 17).
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The array  of logic and leve l 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 t ransmit  to the Remote one. Communication in the
• other direction , how eve r , is always possible.

4. 7 Display Data In ter face

The Display Data Interface (DDI) includes a multitude of interfaces

necessary so that the DISPLAY INTERFACE CONT ROL Panel , DCU , MIU ,
SDF, and the computer ’s U niversal Log ic Interface (VU ) can collectively

communicate.  These interfaces includ e A/D conversion of the trackball

output s , code-conversion, generation of precisely-timed control signals ,

temporary  storage of data , routing of data , synchr onization, and seque ntial

c ontrol of data t ransfer  operations. Reference to the DDI Block Diagram

in Figure 4- 19, unless otherwise specified , is implied in the foUowing

sections.

4 . 7 . 1  cursor Position

Digital binary-coded reprtsentation of cursor position (XC , YC) is
derived from a mechanical trackball device (see A ppendix A) on the LWCA
control panel. Bipolar voltages , obtained by zene r regulation from the

15-volt supplie s , are applied across the 10K trackball potentiometers. The

resultant bipolar analog signals--one proportional to X-axi s ( lef t-r ight) dis-

placement , the other to Y-axi s displacement--are low-pass filtered and

converted to binary-coded digita l form in Datel ADC MA-lOB modules (see

A ppend ix A).

The c onverter mod ules are set up so that an input voltage of -10 volts

gives an all zeroe s output , while +9. 9951 volts yields all ones. Outsid e of
this range , the converters lim it . The Y-channel analog voltage range is
+ 12 volts (the last two volt s at eithe r end is not used) and the most significant
eight bits of the converter output are clocked into a register to become “IC.
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The X-channel analog voltage range has been limited by a se r ies
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 volta ge is limited , it is possible to exceed XC 319, which is beyond
the right ed ge of the screen. This condition is discu8sed from an operational
stand point 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 othe r scan-converter
doc umentation. The MSB of X is handled separatel y as XCM ; for an illus-
tration of display addressing convention , see Figure 2 of AJJ-Zl  in
Appendix C.

The self-clocked, successive-approximation A/D converters begin a
conversion once per raster-scan field , at the trailing ed ge of DY7. Con-
version is inhibited when SDG, the send-data gate to be discussed later , is
true . This featur e 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 mad e to appear
by the generation of a narrow pulse pr operly timed with respect to the raster
scan. This pulse is applied to the CUB input (described in section 4. 5.8) of
each MW having its CURSOR ON/OFF switch in the on (illuminated) state.

Except for the Slow-Read case to be described later , XC and YC pas s
thr ough th~ digita l multiplexers shown. The code conversion ROM
develops the special block/point code used in the DCV and MAG for
generating X addre sses , 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 DCV. The state of the mod-lO counter driven by SCLK and
reset by PSL define s the location of a point w ithin 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 c overs. The blinking can be disabled by closing switch 1 on
C26 of the DDI. The comparator is disabled when the DXB5 + D’1’8 signal ,
cor re sponding to the vertical and horizonta’ blanking intervals , is true .

4.7.3 Full-Screen Enable

The flip-flops which are set by the ERASE DISPLA Y buttons and reset

by signal s RLS (from the DCV and the STORE THRESHOLD buttons), sin~~~y
generate the P’SE ( 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 re trace time intervals.

4 .7 .4  Add ress 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 input s IX, IY when AASM from
the MAG is low , or the output s of temporary data storage registers YA , XA
and XAM , whe n AASM is high .

4.7. 5 DISPLAY MEMORY ACCESS Controls

The logic shown connected to the READ ON/OFF and WRIT E ON/OFF
switches and indicators disables these operations if MBA (Memory Bus s
Available) is False . MBA , developed in the status logi; is true only if

1. Neither SDF TEST mode has been selected ,
2. The channel most recent ly addressed by the computer

(S.A.A , SAB) is not Involve d in a higher-priority operation.
Status bits , available to the computer , indicate which channel, are useable
as shown in Table 4-2 .
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Table 4-2.

DDI (Device X ‘8B’) Status Byte (Different from LWCA DD~~

Bit: 0 ~.

True Display Display Display Display SDG WRIT E READ SPAR}
( Logic 1) Channe l Channel Channel Channel Switch Switch
Condition: 1 Not 2 Not 3 Not 4 Not ON ON

Available Ava ilable Available Available

All t rue if SDF TEST A or B selected .

Examination of the status bits by the com puter 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 M48-0l3 Universal Logic Interface, described in their
publication num be r 29-311 , is a circuit card located within the computer
itself. Line drivers and receivers for the signals indicated as “from Ull”
and “to U LI” in the DDI block diagram have been built onto the ULI. The
signals reach the DDI through a multiple twisted-pair cable having connector s
at the computer ’s convenience panel.

The U L.I 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 , accord ing
to load command s LDO, LD1 and LD Z from the control logic. Three of the

user defj neaMe command bits COT 4:6 and most of the cont r ol lines are
used to drive the control logic , causing it to change state (as the com puter
executes I/O instructions with device numbe r 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 ROM s (see Appendix B-DDI B23, B29 ) in its fe ed-back path. These
ROM e have been programmed to cause the cont r ol 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 .
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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 prope r display channel by the decoders show n driven by the
two-bit display select code SA received in one of the registers. Of these

out put s , 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 result s in the following actions: I) 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 VU , and 3) the control logic state changes. C ontrol logic , synchronizer,
and CDE operation are exemplified in the next section where specific ty pes of
data t ran sfers are explained.

When a possible conflict with the SDF ove r the RD buss is impending .
either because of a MATCH occurrence at certain critical times (with the
possibility of a subsequent CDE) or because of a memory read operation
being handled by the DDI Read Synchronizer, the Wait Generator output s 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 VU.

4.7.7 Data Trans fers

The explanations of the various type s of data transfers , contained In
the following sub- sections and supported by detailed timing diagrams ,
par allel those appearing in AJJ-21 of Appendix C. Because the same
examp les have been used , correlation betwee n the software-oriented infor-
mation In AJ3 -2 1  and the hardware-oriented discussions to follow should
provide a thorough understanding of this interface. Note , however , that
A3J-Z l was written for the LWCA system and therefore has a different
status byte along with ot he r differences because the associated scan
con verter does not have a time-m ultiplexed memor y buss. The section
titled “Operation of the LWCA Scan Converter ” should be ignored.
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4 .7 .7 . 1 Write  DisF lay Memory

The three different  types  of writ e operations are each represented in
Examples 1, 2 and 3 of Figure 4-20. The leading edge of the f irst  CMG

pulse , occurring in response to execution of an OC instruction as indicated

in the corresponding software example, coincides with the appearance of

the cod e 000 on ULI output s COT 4 through 6. The t railing ed ge of CMG

com pels the control logic to enter state R W I .

New data (not shown) appear on ULI outputs DOT 0 throug h 7 at t~ e

leading ed ge of each DAG pulse, while the cont r ol logic change s state at

each trailing ed ge. The mutually-exclusive Load command s LDO , LDI
and LDZ occur during each DAG pulse in states RW 1, RWZ and RW3 , res-

pectively. The trailing ed ge of each LD pulse load s the then-stable ULI

data outputs into the appropriate register. The data do not all reach their

final  regis ters, howeve r , until the last transition of LD2. The extra

registers were added so that all 17 memory address bits change sim~il-

tane..,t.:1y; thus , avoiding possibility of anomolous behavior in certain

situations.

As the cont rol logic leaves state RW3 , the Write synchronizer spring s

int o action, driven by MWGI. If WE is true (writ e indicator lit), the
synchronizer generates an MWG (Memory Writ e Gate) pulse starting at

the next positive edge of the PSL clock (fr om the DCU) at least 400 nano-

second s after the control logic state transition. A~ this time, all address

bits are in their proper registers, the four-bit color/intensity cod e to be

wri t ten  is in a register driving the WD buss, and the display select code
is at the decoder select input s so it can direct the MWG pulse onto the

prope r 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 exam ples 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 point s which coul d be accomplished as in
exa mple 3, but in examples 1 and 2, advantage has been taken of common
information between the point s or compact table organization to shorten

the total execution time.
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4.7.7. 2 Read Display Mernory

The wri te  data transfe r just described can be executed only if the scan

converter  memory bus~~ is available. The normal read display memory

operation , example 4 in Figure 4 - 2  1, also require s the memory buss. A

slow read transfe r , example 5 in the same figure, doe s not need the buss

but requires  an interrupt service routine in the software and may occupy a

lengthy time interval .

Through state R W3 , the normal read sequence is the same as a write

sequence, except that a differ ent command byte is issued. When the cont r ol

logic goe s 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 end s 1.5 to 3. 17 microseconds after the state

transition. At thi s time , the color-intensity code for the addressed point

which had been on the RD bus8 during MDC , is clocked into a register  on

the DDI. Because DINS 0, the output s of this register reach ULI data

inputs DIN 4:7. Not e that on the DDI schematic , the inputs and output s are

oppositel y numbered; this is another case where the Interdata bit -numbering

convention conflicts with that established for the scan converter.

Because up to three microsecond s can elapse before the data are

read y, a de lay should be programmed so that the DRG pulse fr om the MIU
doe s not happen too earl y. This DRG pulse, the reBult of execution of a

read instruct ion--see the corresponding software example- - t ransfers  the

signal s at the VU data inputs to the computer and send s the cont r ol logic

back to stat e  RWI .  Another point can now be read , or as in the example,

a CMG pulse with command byte O 1OXI I IX  issued to f orce the control

logic into state I.

Should the memory buss*not be available (MBA = f a l s e ) ,  the slow -read
sequence (example S in Figure 4-2 1) 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
seque nce, or it can be set to a one In which case the slow read will be
performed even if MBA is true .

*fo r the selected display channel.
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Afte r the third DAG pulse , the cont r ol logic enters state SR4, and

the SLORG (Slow Read Gate) signal goe s true. While SLORG is true , the

comparator input s (XA , YA) supplant (XC, YC ) f rom 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 U LI/SATNO line awakens the computer , which shortly there-

af ter  obta in s 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

coloiy intensity code at the cursor position (XC, Y C ) employ s the same length y
wai t - for- the -MATCH process as the slow read , the w ork 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

~ MATCH , which subsequently gen erates a CDE pulse to get the code onto the

RD buss and stuff it i~ to the register on the DDI. At about the same time ,
the cont rol log ic is coerced into state Cl and a one-microsecond pulse on
the ULI’s SATNO input alerts the computer that the data are read y.

An interr upt service routine then execute s instructions- - see the
software example - -so that the ULI output s shown in Figure 4-22 are
generated. The control logic thread s its way through states not reached in
any othe r operation, while DINS changes to one and two for the first tim e
in any example. The latter event give s the VU data inputs access (throug h
the multiplexer) to YC and the eight leas t 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 O1OX 11IX command byte , to force the c ontrol

log ic 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 eve n when the wait for a MATCH is of short duration. A

machine- language  program for the Interdata 7/32 which facilitates testing
the Cursor Data Entry operation of the DDI has been included as A ppendix D.

4.7.  8 Hardware  Test Switch

Located in C26 of the DDI card , this eigh t -c i rcuit switch permits

cer ta in  t e s t s  to be per formed on the DDI without the ULI. The switch and
i t s ca pabilit ies ar e illustrated in Figure 4-23.
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SECTION 5. DETAILED CIRCUIT DESCRIPT ION-
REMOTE RECEIVER UNIT

A block diagram cf the RR.M (Remote Refresh Memoz~j) is included

in Figure 2-1. This section describes the DRU and MIU circuitry in detail.

5. 1 Display Receiver Unit

5. 1. 1 Timing and C ontrol 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 c i rcui t ry

below the dashed line. Discussion of the outputs of the clock generator,

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

The square-wave R , w ith a period of 1.6725 microseconds, is illus-

trated along the X-axis of Figure 4-8 , which show s the display format along

with waveforms .  Along the X-axi s , the display is organized into ten-point

blocks designated DXBO through DXB3 1; each period of R corresponds to one
block. Since each point requires four-bits for color/intensity coding, 40

bits are needed to specif y 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 whi~Je R is

high , when the memory address multiplexer (see Figure 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 stoi e command is received ,
data are written int o the memory at an address (RXB , RYB), where RXB is
a 5-bit block select code developed directly in a counter , thereby eliminating
the cod e conversion ROM needed in the MAG of the Master SCRM . As is
described in the MW section , RXP dçter mlne s which one of the ten point s

within the block is to be changed.
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The logic array gene r ates waveforms , shown in Figure 4-8.
which are f unctions of the scan counter outputs , DXB or DY. Wa veforms
which need to be functions of bot h 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 s (Programmable Read Only Memories) and a collection of
decoders and gates. A truth table for these PROM s, C16 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. Sinc e this

mask doe s not includ e 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 Figur e 4-8. Timing of the

H-drive pulse is adjustable over a range of + 3  microsecond s by means
of a potentiometer; this adjustment can be used to center the image in

the raster of the display.

The memor y f unction 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 int o the memory
at all addresses.



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 datei from the MASTER SCRM , the 200 rnsec

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 Gene r ator

The test pattern generator obtains its 74.75 kHz clock by dividing

DXB of the XB scan counte r by fou r. The TD , TX and TY counters sim ulate
the corresponding counters in the Master SCRM. They drive a com binatorial

logic a r ray  which develops the test pattern, including sync . code and line

number. This logic ar ray  uses a 32 x 8 PROM having the same pattern (Appendix

B , DRU D30) as that used in the Maste r 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 hel p to explain operation of the remaining portions of Figure 5-1. It
might  also be helpful to refe r to Figure 4-16 of the Master SCR.M section,
which describes the serial data format. The ORD Y output of the correlator

goes high when It . other output s are valid ; it 18 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 find s a sync. code, develop X-addresses
at whic h to store the color/ intensity cod e. The command to store Is issued at
the proper time as determined by the synchronlser (see bottom of Figure 5-2)
but only during the data gate DO. After detection of the sync . code, the line
number gate LNG goes high and the line number code I. shifted Into its
re giste r to serve as the Y-address RY . Should there be an error in any
bit of the line no. code, LNOK goe s low and no store command s are Issued
until the next successful line . -

5-4
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5. 1.~~ 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
transi t ion of the modem clock, the correlator cycle begins with zeroing of
the A B, sync . code, and line no. code counters , but not the AA counter .
Concurrentl y, the data present at the input at this time , MDTA , are wri tten
into the RAM at an address defined by the state, say .K, of counter AA. Since

this process had been going on for ma ny previous cycles , 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 B2O, Appendix B)
of the sequence which is being sought . Two sequences are looked for
simultaneously here: the 31-bit sync . code and the four bits which make up
one di g it of the line number code. Because these sequences are both
shorter than the 32-bit capacity of the correlator , 31-bit and 4-bit gate8
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 cod e being sought. For the sync.
code case , if there Is one error  the code is still accepted and SCD goe s 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 , res pective ly. The example at the bottom of Figure 5-3
show s operation for a case where the sync . code Is not found but the last
4 bits contained 3 ones.

5.2 Remote Memory Interlace Unit

Another major element of the remote block diagram is the MW 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

5-6



— : ~~~~~~

: -  - 

~~~ ~~~~~
I - :

~~ L~~ L
— — — 

,

0 
~~ U U 

~ 
: !Ii-  L~ 1~ ’ If r j~J- ~ : I -

_ _ _ _  _ _ _ _  
~ ~~ ~~~~~~~~~~~~~ ~

,

~~~~~~~~~ 

-

~~ ~~~~~~~~~

~ ci i~ ~
~~ ~

-
~?~L — 

I l l !  .

_ _  

o O p 
& D

L
jf

~ °-

~ hg~
5-7

_ _ _  _ _ _

~

-- — ~~~~~~- -- - - - -  -~- --__- --



ten si ngle-wire jum pers replace gates so that this MIt.1 does not have the

color 15 non-overwrite property of the Master SCEM MW. The small

j ump er  cable, described in drawing 911155, is used to by pass the

contouring circuitry which Is not used In the RRM MIU . The 4-bit
color/ intensity code thus goes directly to the modif y/restore logic
(see Figure 5-4) but gets from the DRU to the MW via four of the eight
twisted pair s formerly used for digital video DV. This MW Is not
interchangeable with those in the Master SCRM which have been modified

for the multiplexed memory buss and DDI interface .

I,
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BINARY ANGLE TO

SCALED BCD
IP4C ORPORATED MODEL DD1O7

STOUGI4TON. MAesACHLSETTS

FEATUR ES APPLICA T IONS
DESCRIPTION

0 FAST — 500 Nanoseconds • INTERCOMPUTER CODE
The DD1O7 Digital T antla tors accept 0 PRECISE —0.01 Resolution CONVERSION
the binar y digital Iepres.ntation of 0 CONVENIENT —Compact and • NUMERICAL ANGLE DISPLAYS
angle (MSB 180 ) and develop the logic compatible. • BINARY CONTROL OF
ang le scaled ACO equivalent The SCO SHAFT POSITIONERS
translation is performed by normaliz-

ing the inpu t data w ith a scale factor ___________________________________________________________________

and then conv~rllng the ‘esult into SPECIFICATIONS
BCD
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output with a resolution of .01
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INTERFAC E ENGINEERING
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BINARY ANGLE
__________ TO

BINARY SINE
INCORPORA lEO

MODEL DD1O8STOUGHTON . MASSACHUSE TTS

DESCRIPTION FEATURES APPLICATIONS

The 00108 angle translators are pure 0 FAST 075 and 1 .2 psec , ‘ S SVNCHRO CC)NVERSION

Iv digital devices which Convert a bina- 0 FINE - 088W and 01 i~ steps S COORDINATE TRANSLATION
ry Inpu t angle to the corresponding 0 PRECISE - 16 bit Output S SIGNAL PROCESSING
sine of the angle over an input angular 0 ACCURATE - 005w aid ed S RESOLVER COMPUTATION
range of g~A 

or . when operated with — S PATTERN GENERATORS
external quadrant and complementing
logic, provide 4 quadrant operation
with both sine and cosine digital Out-
putt ( Refer to Bulletin 271007). SPECIFICATIONS

The translators employ parallel ripple- ELECTRICAL
DO 108 A INPUT - tO bit binary angle . MSB 45 LS8~ 088thru memories and interpolation logic 00 108-8 iNPUT .. l 3b~l binary angle . MS 8 45 LSB o t t ’

providing a translation speed limited DIGITAL  OUTPUT l6bi i binary magnilude Sine or Cosine
only by propagation delays. The tr ans ANGULAR .SANGE - 90° (Refer ro bulletin 271007 (0’ Sine and Cosine
lation speed, faster than equivalent operNilon Os.,

TRANSL AT ION ACCURACY ± Ot 5% of lull scalecomput er operations, permits the
S OO5°anc lSiiiiCosltranslator to be time shared bet ween

PROPAG AT ION D E L A Y  - - -  0.75 microseconds 00 108-A
usin g hardware providing the inherent t 20 m,croseconds - - DO 109-B
precIsion of digital processing without LOGIC POSIT IVe Irue . OTL/ TTL compmt’bie
tying up a general purpose comp uter True • i 2 OV so . 5 SV
on costly repetitive angle translation False • OV ioo 8V

LOADING Iflpui 8 TTL loads na,routineS. Al ternatively, the translators
Oulpu l 2 TTL b eds nrsa u

avoid the costs and accuracy degrada- POWER 00 108-A 
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* s VC)C ± 5% 4~ 600 nw
lion inheren t in analog trig function DO 1088. .5 VOC I 5% I’BOO ma
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translation precision of 16 bits , The in- PHYSICAL
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INTERFAC E ENGINEERING 1 
DI GI T 

1 1 TUflLATS R
- . Lir-~Th TO

SIN/COS CONTROLLER
INCORPORATED

sTOU GH TON . M*~~ ACHUSETTS MODEL OD 109

FEATURES APPLICATIONS
DESCRIPTION 1% ith 00108 Ang Ie to Sine Tra nsLator) S SYNCHR O CONVERSION

0 POUR QUADRANT OPERATION • SiGNAL PROCESSING
The 00109 Binary A ng le to Sine and 0 BOTH SINE AND COSINE OUTPUTS
Cos ine Control le rs adapt t he Model • COORDINATE TRANSLATION

00108 Binary A n g le to Binary Sine 0 l~ OR IS SIT ANGLE IN
t r a n n l . . t i , r s  to liii t ime quadrant NIne 0 17 BIT SIGN AND MAGNITUDE OUT • COORDINATE TRANSL~TlON
and i olin.- operation

0 ACCURACY +0 . 005 0 A RCTA N S PATTERN GENERATOR~

SPECIFICATIONS
The i i  - , i r , .i l l e r N  air pui’el y digital
d,vices w hit h determine th. quasi-

rant irs wbirh the ang le Ii ’ s . deter .  ELECTRICAL
mine the po lar ity ‘if the sine and
c o s i n e  outputs f rom the DDIOS I and
route either the input ang le or it ’ s Dig ital Input IS bit ang ie (MSB a ISO I
two ’, corrip i.m.n* to the inpu t of the
DDIOIT . lnh,bii Logic is prov id ed for Function Select
forbIdden two ’ ; com p lement codes . Sine s el e ct  lin, low (0)

Cos ine •elei~t line high ( I )

Digita l Outputs Quadra nt
A single ~iinrrol l ine s elects the s ine Polarity (Direct Output) I II III IV
or c. ,s in e output funct ion. When the Sine Polarity ‘r ‘T t
tine is Low the com bi ned output 17 bit Cosine Polarsty 0 1 I 0
cod, r i -pr es ents the s ign and magnIt ude
of the Sin ,- of the input angle. When Ang le r. 00108 )MSB 45 °)
the line is  Hig ht he out put I l b i t a  rep - Sine Select 0 90° - 0 0 90 — 0
‘e.en i  c .g n  and magnitude iii the C ’ .  Cosine Select 90 0 0 90°.’ Q 9
sin,- at the Input an t i C

Tr ans lat io rs Acc u racy lW tt h 0010$)
Mag nitude e - ° IS~A n Sin/Co . Ratio 4. 005

The U[fl ii w i l i  accept -i p tii IS io ta
in bi nu r p ang li- and Ian  be ‘i.. ’d c i th  Pn,i pagat io n Delay 0. 95 us ec with DDIOKA

t Iler th e DDII )RA (. 088 ° LSB I ‘ in 1 . 90 a N d  with 00108 8
0 0 1 ) 5 8  1, 11 11 ’ LSR) .

Lo gic . - - • Po.Iilve tr .e, DTL/TTL comp at ible
True  • .Z , OV to ,S . SV
Pal.. • 0 to 0 . SV

Loading - - - . Input S TTL loads ma.
Out put 10 TTI.. load . n,as.

Powrr .5 VDC .59, 4450 ma

PHYSICAL

Operatin g Temp. Rang 0 c, 70°C

___________________________________ 
St orage T e m p .  Ran5e •bZ to + IZ3 °C

Si*e a,id Weig ht W * 4 1. . 0 . 4  H, 4 ...

• 
~~~~ 181(81445 INGINIINING INC PIns OLO ’ round , gold plated

WStiNN~ Oc AVINUS - ZS0” L mis.
IFOUGMrON A*$UCNUUTfl

- f A~ 4

~
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4

c~ ~ a ng le measurement and controlr’°-—
BOTTOM SIDE

____________________________ __________________________________________ .121

CONNECTIONS
:42 — — 

FUNCTION PIN FW4CTION PIN =
S

• •
• S • ______ ______

•
• .
.31 — 

3(t I In (140°) 25 S(gn 26
3(1 2 In (900) 24

.34 — — — — $ . t 8(1 3 I~ (45°) 41 8(1 3 Out 3
• 3(1 4 In 39 8(1 4 Out 2
• S 3(t 5 I~ 40 8(1 5 Out 1
• S •

• . Bit 7 In 3? BIt 7 Out S —.2$ — — — — 45 BIt B In 36 8(1 2 Out 6

• ~~ 8(1 6 In 32 311 6 Out S

B t t9 In  35 3(t9Ou t 700 109 8(1 lOi n 34 8(1 10 Out 9 .
BIt I I  In II BIt II Out 15$ BIt 12 Zn 30 31* 12 Out 12

4

8(1 13 Zn 33 8(1 (lOut 13
8(1 14 In 32 Bit 14 Out 16
Bit (5 Ia (L.53) 14 8(1 IS Out I?

.21-——-- —- — — II. vcc 4 SV 42
• S Common 27 Sin/Cu. S kct 23e .

•21 — — Pt.

I ‘1 _ _ _ _ _ _ _ _ _ _ _ _

~uI— I.... ‘.I ~~~~

P~5(GrN

5/c I
bV-t.ec~~4

9 00109 
_______

1 
DDIOB

M~~~~
I O 1  

~

_

~~~~~~~45 • j I~~~~lT3

APPLICATION 
- 

Ifl~~W 1U1  MI.
ASSISTANCE (617)344-7383 $TOUQHTON. ~~Jt CSSfl
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Am250212503/2504

EIgM-BIt/TwsIv~4it $uccsulv. Approximation N.gisI.rs
Advancsd Micro Dsvlcss

comptax Digital InIsgr.l.d Circuits
Distinctive Characteristics • 100% reliability assurance test ing in compliance
• Contains all the storage and control for SUCcessive with MIL-STD-883.

approximation A-to- D converters. • Can be used as serial-to-parallel counter or ring
• Provision for register extension or truncat:on. counters.
• Can be operated in STAR T STOP or continuous S Electrically tested and optically inspected dice for

conversion mode. the assemblers of hybrid products.

T
FUNCTIONA L DESCRIPTION cloc k LOW•tO-HIGH transit ion in orde r to guarantee correct resetting
The A m2507, Am7503 and Am2504 are 8-bit and 12-bit ITL 5~~

. A l t e r i tse cIo~k has qonse HIGH resetting the register . ttse 4 signal is
cessive Appr o irrn~ition Regis reri The regitrer; contain all rIse digital removed. On rIse near clock LOW-to -HIGH transition tIse data on tls,

~onsiut in~ stoesge necessas y foe successire .op,osirnation os alOg lo. 0 input •s set ii~to the O~ Ill ) reg ister bit a d  tI~. Q~f10) register bit s
digital conversion They can alto be used in dig ital systems as the sat to a LOW ready fOr the nest cloc k cycle . On the lest cloc k LOW-
Cont iof and storage element in recursive digital routines. to -HI GH t rans It Ion data m ien the O~ I1Ol register bit arid 051$) is sat
The rigniers cons ist of a pf of master lat ch es tha t act as the control to a LOW Th is operation is repeated for each register bit in turn un l’ l
elements in the device and change s tate when the input clock is (.0W , the register has b.en t illed When the data goes into a0, the ~~ signal
and a set ol slave latche , that hold the register tat. and change on the 9055 lOW. and the regist er is inhibi t ed IronS further change until rese t
input clock LOW-lo-I4IGH tr ansi tion Est er nal ly the devi ce acts as .  by a Start signa l .
si.,.rial purpose tei-iet -to -panat lel converter that accepts iieta at the 0 In order to allo w com plementary conversion the complementary
input of the register arid sends the data to the app ropriat e slave latch output of the most signif icant reg ister bit is m.de availabis An acu te
to appear at the register output and the 00 out pu t on the Am2502 LOW enable input . 4, on the Arn2503 and Am2504 allows iWvi ces to
arid Am~SO4 when the clock goes troils LOW-to-HIGH. There are no be Co nnect ed t ogether to form a longer register by connect ing the
res rr ict ions an the data input . it can change state at any time esCep t cloCk , 0, and 4 inputs together and con nectin g the outpu t of one
during r ise se t-~iP time lus t prior to the clock tran s itio n . At the same device to the ~ input of the nest less significant device When the Start
time tha t data enters the r egiste r bit the nest less s igmsilican t bit it te t signal resets the register , the S signal goes HIGH, forcing tise Q~ ll t I bit
to .  LOW ready toe tfma nest iteration HIGH m d  inhibi ti ng the device frOffi accepting date u nt i l the previous
The register is reset by holdin g the 4 ISt a r l) sig nal LOW during the device s full end its cc ~~~s LOW. If only on. device is used the S
clock LØW-to HIGH tran si t ion The register synchronously rates ; to input should be held at a LOW logic level IGround ). If al l the bits are
th, state Q~ l It I LOW . Ithiot a 7) and all the remaining register Outputs not required, the register may be truncated and conversion t rite saved
HIGH The CC f Conversion Coenpl.le( signal is alto let HIGH at this by using a register output going LOW tither thin she CC signal to
tm e The 4 signal should not be brought back HIGH until after the indicate the end of conversion

LOGIC DIAGRAM/SYMBOLS

No r t h  I a ___________

1 Cii iØgi( 5 iefl fli.1 IS 
- 

., .,w -res - s ial ira_ s - . -to C~ A ’.’?502 3 , .. . - , - Pit 4
Og t O O t  *ivi2B OA I I I I V f~ Pin lB 

~ I I I  0140 Pit ¶ 2
7 ti~~n,sie. ; ii pareistiseta, are for Aw7304 . - 0140 - Pit S . . , i i. . . . .  NC • Pus s 10 II . 22

ORDININO INFORMATION CONNEC TiON DIAGNAM I
Am2502 Am2503 Am2504 T. VI.w

P.deagi T.mper.Iu’e Order Order Order - -Type Rang. Number Number Number i

Mold.d DIP 0°C to .7bn C AM2SO2,~C AM2SO3PC AM2SO4PC i • . -

p4 rm,t tc DIP 0°C (0 ,lbii C AM2SO2 OC AM3SO3DC AM2SO4DC -i
Hermetic DIP -S5~C to +725°C AM2BC2DM AM26030M AM25040M ‘i 

.. •1 
,• 

--
H.rmegtc Fl~( Put -$5 C  to ,1$a C AM2SO2FM AM2SO3FM AM25O4FM “ i S

Dice Not. AM2SO2XX AM2SO3XX AM2SO4XX ‘ 
.

14071 the öc. supplied sell ewssasrt units ~~siefi meet baths O C  so
i tS  C essd -IS Cte•134Clemlleralur.reilge, P407. PINt  iimerked fe. Snisfitetiets

- - _



MAXIMU M RATINGS (Above which the usiful lit. may be impaIred )

S orag. Temperatur. . - -65 C to -+ 150°C
Temperatur. lAmbiont) Under Bias 

-
~~ 

- - - — 
‘-55°C to +125°C

Supply Voltage to Ground Potential Continuous 
- 

- 
—0.5 V to +7 V

DC Voltage Appltsd to Outputs for High Output Stat. -0.5 V to +V cc mu

DC Input Voltage 
- 

— 05 V to 1-5.5 V
Output Current, Into Outputs 

-

- 
30 mA

DC input Current 
- - - -- - - - - 

—30 mA to +5~O mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless OtherwIse Noted )
A rnt7SO3XC Arr 25O3XC Am 7504XC T A 0 C to .75 C Vcc - ~ OV - 5%
Amn2SO2iM Am7SO3XM Am75O4XM 14 - - 5 5C m • 125 ’ C VC~ ~ OV 10%

Parameters Description T~ t Conditions M m .  Typ. lNa ta U Max . Units

Vcc - MIN. , ~~~ 
- -0.48mA

VOH 1 Output HIGH Voltage 
- 

v~14 - V IH or 
2.4 36 Volts

V - Mf N., 1OL 9.SmnA
V01 I Output LOW Voltage VIN VIH or v1 1 

0.2 04 Volt s
_ _ _  - - - -~~ - - - - -- -

~~~~~~~~~
—— --4  —~~~~~~~~~~~~~~~~ -- -- - ——— -~~

- Guaranteed input logical HIGHInPut HIGH Leve l roltage for all inputs - 2.0 Volts
i- - - .-.---——--—-—-- -—----- .. --  -4--— - - -- .- 

Guaranteed input logica l LOWV11 - 
Input LOW Leve l voltage for all inputs - 0.8 Volts

~~~~
--

~~~-1~~~~~ 
-- --—- - f I - ---t-

(~~ot. 2l Input LOW Current ~~~ - MAX. . VIN 0.4V -1 .0 —1 ,5 mA

~

_ _ _ _ _ . __ L _ _

~

_ £ ____

‘lH Current VCC - MAX.. V114 - 2.4V uA

~+ot e 7l 
Input Hl GH Curre nt 

- 
V~C MAX_V,14 55V 

- -

~~ 1 ~~~~~~~~~~‘Sc Outpu Short Circuir Current I VCC * MAX.. VO~J~~~O.0V —tO —25 _4~ mA

Am2~~ 2~~~~~~~~~~~~—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ mA

‘cc Dower Sup~~y currant VCC MAX . Ans2eo3j: 
-- -__+ -:-- - : -

~ ~~~~~~~~~

______________________________ 

Am2504 ~ 
__________ _____ 

ritA

Pacte l I roicaJ Li,rs it . are ai ~~~ - S Oy , 25 ’ C ambbe,st and man miii ,, loadlmsp.
2 Ac r,.ai input currants are obteined by m.ssilttelyltS unit load current by input load fac tS lSae LOadln, ~ uIesh.

~~itching Ch.rICtUriIt ~CI TA - 25cC VCC - S.OV , C1 IBpF
Parameters Description Mlii. Typ. UnIte

t~~, Turn Off Detey CP to Output HIGH I ~o j 26 nt~~~ 1
~~~~~~~~~~~~~~~~~~~~~~~~~~~ o t i s  1 2 .  ~~~~~~~~~~~~~~• ~~~~ °‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ - - - -

~~~~ T~~i i ~~~~~ -

f ituoTime staru imiPu 
- 

Turn Off Delay £ to 07(1111410141 IAm2SO3/4) 13 19 rt$

~~~tm~~~~~ ~~huris On D,layEtoO7flHLOW~~~~ Cp .HE  LJ___-1-—
~ _- -~~~

__ _

t9~1ICP) Minimum LOW Clock Putie WIdth L I 25 46
f gn14(CP) MjnintumlilGH OOck Pulae Width J - — 

12 20 mis -

,

t i,.4 W aimwtt CIcek Frequency 
___________________‘I ~ 25 

__________ 
] Mlii

L _ _ _  -_  _ _  - -_ __ _



SWITCHING TIME WAVEFORMS
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DEF I NITION OF TERMS
SUBSCR1PT TERMS: ‘OH Output HIGH curr ent , f orced out of Output VOH test

H HIGH. applying to a HIGH logic level or when used with V~< 10L Output LOW current , forced into the output in V01 test
to indicate high VCC value 

‘ IH  Reverse input load current
I Input NegatIve Current Current flowing out of the device.
L LOW, applyIng to LOW logic level or when used w ,t h ~~~ to Positigi Current Current flowing IntO the devlc..
indicate low V~ value

VIH Minimum logic HIGH input voltage0 Output VtL Maximum logic LOW input voltage
FUNCTIONAL T ERMS

VOH Minimum logic HI GH output voltage with output HI GH
Fan-Out The logic HIGH or LOW output drtve capability in current IQP4 flowing out of Output
ter ms of Input Unit Loads.

VOL Maximum logic LOW output voltage with output LOW cur -
Input Umist b e d  One T2 I gate Input load. In the H IGH state it 

~t 101 flowing into output
is equal t o I114 and ri the LOW state it is equal to It t .  SWITCHING TERMS: ( Measured at the 1 SV logic level)
~P The clock input of the r~~ister . t 1~ The propagatton deIty from tfse clock sign al LOW-HIGH
CC The co nve rs ion complete outpu t This output remains HIGH tran s ition to an outp ut SIgna l I4IGH.LOW transItIon
duriny a conversion and goes LOW when a conversion it comp lete. 

~,d* The propegatlon delay from the clock signal LOW-HIGHo The terial data input of the register. transition to an output signal LOW•HIGH trentit ion
E The regIster enable Thi s input ts uSed to expand the length of t~~ (El The propagation dilay from the Enable signet HIGH
the register hid when HIGH forces the O~ ( 17)  regi ster outpu t LOW ~ ensiti on so she O~( t t )  output signal HIGH-LOW trans -
HIGH and inhibits conversion When not utad fo r exp ansion the ition
enable is held ala LOW logic level (Ground ). t~,.(E) The pro pegatton delay from the Enable signal LOW
0~111) The tr ue output of the MSB of the regIster . HIGH tr ans itIon to 0~ ( n~ output signal LOW~HlGH transition
ô,(11) The complement outp ut of the MS8 of the T.9I$t~t . t,(D) Set-up t ime required for the logic level to be present at the
O~ I — 7(111 te 0 The outputs of the register , data input prIor to th. clock transition from LOW to HIGH in
$ The start input . If the start Input  IS held LOW f or at least a ord er for the regtst er to respond The data input should remaIn
clock per t od the reg tste t will be reSet (007( 1 1)  LOW end all the steady between t~ ma tt m d  t~ mm . before the clock.
remaIning output s HIGH. A start pulie that Is LOW for a shorter t.l $) Set-up time required for a LOW level to be pretet it at the
period of time can be uged if It meets the set-up t ime require- o input prior to the clock transition from LOW to HIGH to order
mints of the ~ isput . for the regI ster to be reset , or time required for a HIGH leve l to
DO The terta l data output. (Th. D Input delayed one bit) be present on S bifore the HIGH to LOW clock transition to

prevent resetting.
OPERATIONAL TERMS: tPW CP The mInImum clock pulse Whdt h (LOW or HIGH)

~ L Forward input load current required for proper register operation.

I
A-8
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~~~~~~~1 ,111
Am2502/3 TRU TH TABLE USER NOTES FOR A/D CONVERSION

‘‘ ‘ iii hi- used w ith ~~the, i. ,,,, er? t twitches
T ha t  ‘i’qu.’ ’  a ‘iw  vol ta ge i ’ve to 1 , 1 , 1  the switch on,

litni Inputs Out puts i i i ’  i - r i  sw itches that r equire a hig h volt age level to

— 
t i m  t i ,  - r i - i t  çw l c h  or If curr ent switche s are used

0 S F D~ 
Q~ 0~ ii , I~ 4 03 ‘ ) ~~ I7~ CC wi .’ I i i .  on w ith  a low logic level t h e  res UltIng (ligItal I

- ~~t i  t i  in th.- regi s ter  is act ive LOW That ~, a logic
0 5 1 L X S ‘ 1 5 ’ S  t i  ii lo w voltage level II n u t  SW II-
1 0~ H I V I ‘I H ,, o ui il ’i ’, - - . .,,,- - si— ’ i th~ir i ’ .  on with a hig h logic level Then

H L 0 7 0 7 0 0 t I ’ ’ -  i i  ,, iI,,~, I., ‘ I l l I ’ . , ? is act iv e HlG~1. a l’iq c ’ l ’ ’~’, “n il ’ -

3 0~ ii I 0,, 0 7 06 1 ‘‘ .‘~~~~~ ‘ ‘ ‘ ‘ ‘‘ ‘ “0 ‘i’ a “- ~I’ vol t age un

4 ,)~ H L 1, Q~ i
~
I
~ 

a, i - i - i - ’  II - ,  
~
‘ f ,  ,~ 

. 
~~~~~~~~~~~ ,I . .pt ,i- i - u  I - ,LSB r i ’  comparatllt

5 0- - i  L 0 0 -  : - , A. H r f l ,~~~’ Iii ’ I, iSuf(l Ii ( , , ,ui f lhi  w i t : 1) -s 0 - a? uequi~e a high
-I 7 b S • 

~
, , , • ,,,~

,. ,,. i , - - ~~, - - r -, , . -  .~ . :  ~~i ( 1.1’, . ’ ato r should
6 H I. (1 .1 0~ ~ 1, D~ - 4 0.~ ~

‘ 1~’- I . . -i~~i- ’ t  “,,.SH ,,.. ‘ i .  - ,~
. - - . r  ,~~ , t r - i- ,’s require a -

i o, a 7 i,, ,, ,
~ 

D~ 0,  L - ‘ h - 1’- a,~ 0’ ’ I i ,  ‘ i i :  n i ’ - ’’ ’i’ - i :ri.l iar7 tOI must t)ir
8 •~ i o~ o-~ i , 0,, - 0 ,, i I) , , - ,  i i ,  I I ‘II
9 i 1’ 1 - 0  ‘ 7 ~~ ~ 7 t

~- ’r~ 
A 

~~~~~~~~~~~~~ r
~’ - ‘ “, : . , . ,~~ at i 1 iI ci’ I,r , ‘ ,, - - . adder -

Ii) S V I. : , Ul~ , 0 3 07 0 0 , L ,~~. .,i , - , ,- i’,,.. i - I  . - . ‘ , - ,. . t r - .  am 5 ot BCO

* * H - ii ‘. ‘~~‘ ‘t I ,  ‘ . ‘. ‘,
i- si’ ’. i i  :1~ ’, ‘ ‘‘i 2’s ‘orno :vr ”ient

C I ,  - -‘ . r .  a , . ‘‘ ,— r ’  . ‘~q tr  i ’ - ~~~ .e,, . - , ‘ - , 1 ,11 range
n Hl), ’i v .’ - u ,,.1e ir~

o1 • L ‘ 0 . - - ~~~~~~~~~~ 
t r , . , r , ) l , I i r m v ~ - the MSB

- LOW V - ‘ t a q ’  L e v i - .  0 t H , . ’’ e~~~~— hit
S 0i~i- ‘ G,i,r 

d l i ii- ‘ ‘ i’ i d ti ’It u - ’’ ’’ - ‘- . 0  t iii- . , , i
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LOADING RULES (IN UNIT LOAD$I 
-

J Am2504 LOADING RULE$ UN UNIT
Input Fanout I Input Fanout

Pin Unit Load Output Output Pin Unit Load Output Output
Input/Output No ’s LOW 1410$ 1410$ LOW Input/Output Ne ’s LOW HIGH NIGH LOW

E (2503) t 2  2 — = E 1 2 2 — —
DO 125021 I - — ~2 6 00 2 — — 12 6
CC 2 — — 12 6 3 — — 12 6
00 3 — — 12 6 4 — — 12 6
01 

- 4 —~~~~~~~~~~~ - 12 ~~
‘ 01 5 -. — 12 5

— - 1? O~ 6 — — I?  6
03

’ 6 - • -  12 6 
- 

7 - — 1 2  6
O 

- 
7 2 2   04 8 - 

-
— 6

GND 8 - - - 
— 

— 05 9 - — 12 6
CP 9 1 1 — NC 10 - — — —

S 10 I 2 - D 11 2 2 — —

04 11 
— 

- 12 6 GND 12 
~~~~~~~~~~~~ 

—

05 12 — 12 6 ’ CP 13 ~1 1 —  -,

13 — - 12 6 S 14 1 2 — —

~~~~ I14 -~~~~~~~~~~~ - NC 1 5 - - -  -

07 15 — — 12 6 
- ‘  - 

16 
-
~~~ 

-. 
t2 6

V CC 16 - 07 17 
_ _ , ,. : 

¶ 2 6

MSI INTERFACING RULES - ~ 8 Ill — — 
- 

12 6

Equiva lent - 09 19 — — 12 6
Input Unit Load - 

~~~~~~~~~~~~~~~~~~~~~~ — 12 
- - 

6
- Interfacin g Digital Family HIGH LOW —--....W- - - _______-- - ______ 

- - . — , . . - I 2~ — — 12 6
Advanced Micro Devices 9300 2500 Series 1 1 NC ‘ 22 

- 
— 

—

FSC Series 9300 1 1 23 
- 

17 6
Advanced Micro Devices 54 7400 

— 
1 1 ‘ ‘—

~~~~

— -__   
- 

. ________

TI Sines 54 7400 1 1 - --- -———-— - — - -—- — _______________

Signetics Series 8200 
- - 

2 2
National Series OM 75/85 I 1
OTL Series 930 12 1 NC’ No Connection

INPUT/OUTPUT INTERFACE CONDITION$

Voltage Interface Conditions — LOW & HIGH Current Intaifece Condit ions — LOW
uutPui paiviUG *0ijt 10*0

O ivlS ~oa

~ ~~~~~~ ,~~~, ,, ~~~

U 
~~~~~~~~~~~~~ ~~~~

, I
v ’i• z

— i~~ i*,5 C’CiCUC LOGiC
iNWiJii O ie5i ‘wI t

1 5 ~~~
.‘ vO iViGI

—0 0 Os

_ _ _ _ _ _  Current ~istsrtaai Caisdltlene - HIGH
Oumi? a. vise iii ~ p5 la*e

0•  — iIw~~~~ ________________ __________ _______

Ds ’e ’seae,’ca ee,wtSoi * ,c t 
ccc

H .  

~~~~~~D: 
I

c~~~~~~~~~~~~
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Am2502/3/4 APPL ICATION
Conlinuou. Conversion Analog-to-Di gital Convener

r -
~~

• -
~~~~

- -

~~
• -

~~~

Th,s jhows how ice Aw25 02a5i4 -e5nni ari a-a vi ed isiuh . OiQ,t.i to Ansiog convert., and a connoe rci o r to tori ,, a cs- v h,gi~ ,oeaO ‘.0,’
tiø(aOus crva,i,en Anaifl-io Oi~~i.i converter CoanoiOn iii, ’.., limit ed m..nty by t in. 5~nd of t in . 0/A cOnvartar and COm praio ’ s ’Vt ,

ivp~ a4 conversion r ai.s of 100.000 conversiOn, p.’ secOnd A Iooit consiflvovs conversion can bs Os-torened by conn.cline Q
~ 

to 03.ad vs.no 0~ a. thu conversion connOis-. ,.yiai ,uh. cempa.tiioi cen b* tine Ant i 15 piscis.on ,on,p.,aior , An~lOt hu hh.We.d com parato .
vi AwSOS ns-y Piigi, iQied compar.tOi

Am250213 PHYSICAL DIMENSIONS

16-Pin MOlded DIP 16-Pin Hermetic DIP 16-Pin Flat Pelt
-

_ _ _ _  
_ _ _ _ _ _  

1~~ ’ ‘~~E~~

-• 

~~~~~~~~~~~~ i - i - i cJ~ 
— 

~~~~~~~~~~~~~~ 

-

~~~~~~~~~~~~~

Am2604

24-Pin Molded DIP 24-Pin Hermetic DIP 24-Pin Flat Pals

::L 1  II~ _ _

_
_ _

J IcIl~~~~~~~(~~~ F~~~r-  ~W~~~ 1~~: 
(—1~- - ~

M.talUzatlon and Pad Layout
• Am2502 Am~~03 AIISThO4

_ _ _ _ _ _  
_ _ _ _ _ _  

~

(400) 732 2400
‘no ” I TWX. 070-330-0200

s,,i•a, - ‘O• ‘- - i t , ’ , 5’ . ‘ - -— w b,i .,s- -~~~,• TE*iX: 344300
Ad,e.eed WiCig Device. t~ n vet eeei.M. i..poii.fbiIh ty is- we at any circsitiy d.e~ii5ed other linen CS ievltfy .niwsiy enibedied in cii Advalloed Micro De.lc.e eeisict ,

A-i l
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PIN DESIGNATIONS AND CONNECTIONS

Medefe ISOC or ERDC, N or I. (Oil lfa) Model ISDC4 (10.400 Hz)
CONVENTEN TN*NV0R~L0 CON V(NTIN

INPUT CflNNECTION OUTPUT INpsJT CONNE CTION CONNECTION OUTPUT
S~.dwo inpsit: (SI

or 000 LI. 400 Hz ((SOC - H) 52 0°~ Ut 90 400 NiI liv L I., 400 lIt ((SOC-I). 13 Srsduo lllut;

~~lec~co i.pat
2fl100Hz (ESOC-I), (RH (lt it side) RllsfSflCl liipiit ImI (hlglt aide)

II SV , 50.400Hz IN,(lo. side)
erllSV .400 Hz (ESDC H) ~R[ (la.side) i cotwiect to o

Pens, Sagelses • 5%
+ISVI SS~IIA ( i-ISV QQ ’ mitnecttoQ

S coiwiact to S
- 1 5V~~ 3 0 *  , ts v 

~ (Ao to4wiictloit)
+ Sv 

~ 
210inA + St T conned to t

Coisms. GIlD V connect tO V
LoØc ‘0’ forces data hold INN U conflic t IOU

C Coitsertsr bsmp elien lealc ‘1” Poser sugelies ±

2 30 —l5V~~~50m* 1St
MSS I IIO° True l-aglc +)5V~~ 7SorA 

~

+ I5V

45 + 5 V~~ 1C0m* +SV
22.5 Colnmoii 0110
13.25 LogiC “0” Voices data hold INN

_____________________ 2113 C Cuivwter b~~ dl.. sOle ‘1”
I NIl I 100° live (lilt

locoaviesis ‘ 0.7031 ~ 0°
10 03516 s~ibcenVEtTEa 1. 3 45

- . 11 01755 ‘I 4 ’  4 U.S

• ~~ • 12 000799 :: “ 5 11.25
—rm— :: 13 0.01305 C: 

~

- ,. s14 002191 -i ~~~~~~~ :. 1 2113

0 0.7031. . ~ /i ~ •1s ~ 10 0.3515
it. iisi~~~~ .4 ~. II  0.110°

:; ~~~~
—

~
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~i. ii 105197
12 0.00700

i. 13 0.01315
‘v i  e n .

TOP VIEW OP
TOP VI EW OP MOoUt.t TNAN$F0*MEN uoous.c TOP VIEW OP

CONVEOTIN MODULE

SPEC~FICATION8 MECHANICAL

ELECTRICAL LSDC-N a. S. COMPt.ETE
-— _________ _________________ isis —

PASAMETE, VALUE Vi i l5

ACCUNACV( I ±4usuiwiiS tO.S LSU T’  ~~~~
—- I

vesot.u,iois ,e s,is :~ I
______________ ________________________________ ii a.

COOING natwai binary ‘a. ie’ 51 i t  ‘~ t I
— . , — - ,_ - ,__ __,. __,_- ____________________________ F .5 510 ~~

a.1.4.1., 14 elm S data, I Ii*iIblt
DIGiTU, OUTPUT Os-anal . r.oalhina IS5Ic , On/Ut. 564 ~

1 C. j 
“~

andtc.nqeftii bi y tlile .6 ‘lil a
- - —‘-‘ --—————_________________________ ‘ .1 ut.

syiicHmO INPUTIi)IiI It IV ten 5.4. 400 Hz civ 10Kg viii. I-C balancad tIeoc-sj I • IlCVritnsL-l.410 N11t,IoSCOiI 5 iitilt L.L b*iSricad IISOC’$l :~lOy mis L4 50.400 Hi iido mum L’S. baleuicad IESOC4S 00 1iv~~ ’hO’ iN0ijt’ FAtE3~ 
•
~~

‘
~~~ 

_______ - .  I ii ________________

o to tAO’ ‘Icc - fail scc,r.ny; • ‘we’ = ~~~ 
LI _______ ~~~~

.anai we010 id0 ’asc Iou aces-acT; 100’ wc’& ______
_ _ _ _ _ _ _ _  

*001
- . —-- — — - - -  ——— -—-—— - ——--— til ts ,

NlSOtV6~ iNpUT(OIt ’ I lily mi. i.~i, 400 ti Side iOICp 0.0. C-i. belenc.d ((*0041 (00C4 tN . S.. o r S )
ISV rise 1-5. 400 HZ late eOOItQ inn L4. belaseed ~..NbCJiI CoiUvENTt* NODUtI ONLY

- - — — -- — .  - —— - - ________________ - E$D~~ t**isi*ometi uonuLi
yr sot.vii INPUT SATU( I Ste 310’/asc , loll asewecy S 611 —‘en

100’ ten ,  * 100 anon ti ltS

rPEPE~~~~~~~~ 
— —  

NV r 5niAnni4l0Hz tI$OGoriliOC~t) CO 1I1$V .i O liinA rma lmOHi t SOC nINOC-ltI
lI$v alSb.iiA rm.eo-4ilHz(_10C41 at, I

- :~ _ _ _

5.POWVN IuPPs.v REOUt NlMENT$(•I • Isv at ?3i,nA . —I SV an iOinA ,+SV at WOrM , .g a _______

t’ilsc~.nacy a o~i~~’eraline liineare~’.ie ii ~~i~~~ Wv~~T
’iT’

~~~~~ lii Si

• * ala attn +tIV CalpIati - I Cf I ~
( 

~~~~~~~~~~~~~~~~~~~~~ 

.

I atIi,. lapat ,jilaeec ala ,is.aa.ci.a esesiabli- 
I I

.iwiliee ala • 11% am utade end fmeea.nCy vs-false. 

~~~

0

~~~~~~~~~~~~~~ C j enae
- - , aSsdalli an ate It: tensenes, by soneilvlae Wilts ~t 

l~I1 
~, 0

IWVIRO$MSN?AL • ~ 
SiN ~• i r i s -e n, ‘vTeurenAtumi .rnote -.1

— s c  to +WC IIIOCJI, I a’ 0-il i ~
“•“

~~~~ ~~~~~~O’Cle s. ,rcpsoc.ai,L, ai e.sl 1010*

$IO*AOI —u Cue +551 0 55N~ is 5 * iS nii~~~5 ii an .alu0.o
s
~~~
5:i Ic I=~C aOP MiL,S~O.2S7C MltltOOI tWA , 1N loll. site ___aid tee “dl ~

ORDERING WIPOISMAI1ON anne a an a. 4~ 
1aniwe 11*61 ii —ian eafals a sen

ia aidS, telesiS iiiidei daifad seine..I I, IPie doai neliaii et i,i. ,a.ei’., u... hi S.0.iS 0.01 *5 01
pen is-S ~aoge rescued to p ($004-tI ire MIS *0.~~~ — en,..

5at 01$e ie t.baaibeS.
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Tuning TestIng
Figure 6 shows the tIming waveforms Of the converters. Because of the high accuracy Of these converters, only labo-
Whenever an input angle change occurs, the converter rato ry-gr ade sync hro or resolver subst itution boxes or stand-changes the dIgItal angle in steps of I LSB. and generates a erd i can be used. To avoId costly test equipment, we invite
CONV ERT ER BU SY pulse During the 3~s “bu sy ” pulse , the you to Use ODC’ s fscIli t les for “ source Inspection , ” at no
output data is changing and should not be trans ferred into the extra cost
computer output buffer. The Converter will ignore an INHIBIT To test the unit , arrange your test equipment as shown incommend applied during the “bu sy ” interval until that inter- FIgure 8, A lamp-driver or suitable readout is necessa ry forval is over A simp le method of interlac ing to a comput er is each of the data outputs. We recommend the circuit shown into (a) apply the inhibit, (b) wait Sus. (C) transfer the data , and Fig. 5C. The Sync hro Standard is set to the test angles , TheId) release the inhibIt angles corresponding to the lights which are on are added
Although the computer usually will requIre that the data be and compared with the standard angle. Maximum observed
synchronized and loaded as described above , it can be read- error shall be less than ~4 minut es ~O,9 LSB over the tern-
out asynchronously unto a holding regIster using the trailing - perature range. A teble of engles versus bits is given in Fig. 9.
edge of the “C” signal to effect the parallel transfer. This is A typical room-temperature error curve is shown In FIg. 10.
shown in FIg. 7. In this configuration the data Out of the Each quadrant is identical, and error has been shown for the
register will change smoothly fromtnn b u n  + 1 first quadrant. Error limits are also indicated for temperature

extremes.

Figur, i~ 100.00, FIgure S: Test ConfIguratIon

lO ot M I I I  
~~~~ -~~ 

.
~ ~1NC 0 ICONVER TE’ ‘i’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~ 
~--~— . _ ~1 ~ _________SUSY id

.-l 3 oti-. L ess si
1 ~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~ faan iooivsn j

IN HIP Ii’ Oil ___________APPLIED IINWI 

~~~~~~~~~~~~~~ IL ‘ 
~~ ,lPSiIVI~~

DA IA TRAN SFER ..,,,•__._..,!::,,•.__.,::1”•’11_________ ••__,_•.__••.•._______._.___:J~
•’-’L____ ,

FIgure 7: Asyncfiscnou. Paralisi Traneter FIgure 0: AlIglee vi. INs

MSB 1 180Ii 
2 90

C h O C
,~ip lion 3 45

si ~

‘ 

4 22.5
5 11.25
6 5625
7 2,513
8 1,406
9 07031

10 0.3516
11 0.1758
12 0.05799
13 0.04395

LSB 14 0.02197

FIgure 10: YppIouf lrror, Mlmifm. Lad, Ous*an,t, 25•C for UDC

SPEC LIMIT OVER TEMP.

4
I —————— —

I 
______

00 tI N  ANGULAR
‘ ,
/

PuS~~~~~ 

~~~~~~~~~~~~~~~~ DEG REES
-an

—t

—1
— i ,—..—-______________________________ _________ ———.—,—, -———— - — ______________

— 4 —. — - --—-‘- - - - — .—. ---———-‘— — - . — - - —  

—I
SPEC LIMIT OVER TEMP
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2065 A~V~REX
Awpa , C orr e rn r P. ,, i cC , ,rp~ iii

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 13031 h oc’ I~4li ,’ ’ ’  t~ , .r

it’ I ‘ f - i ’~ a

A1u54 PEX CORE Fast and comp act Quality assured reliability Maximum ouipus,

~ E~~’OR~-’ 
T h i - A” .i -’~ 7UAC r n - i  mr’ rnor- ,. TI,u’ 2065 has more built .it, less noise

mriri’ (r  m a d  tl’Inn ,eha b t,r~ tlc i’rn i-rn comparable l’n .~~li’-I no se s reduced, arid
MODULES , ~~~ ~~~ ‘~~‘ ~~ ~ word 1er1, h OEM memory  All crit ica l areas a maiiimum Output signal is

- ‘  ‘.ci,~~ l’~~ild to i~ OEM of the memo ry rece ive extra provided b. high densit y core
250 NANOSECOND A - . “ ‘~~ cyc le .“r rr rtpr ’~nn and rlt’c ftln simp licity pacloging which oe m”r-, shorter

ACC ESS AND ‘~‘. It ~~~~~~~~~~~ ~ ~~~~~~ followe d th rn .ighout . sense X and Y lines Cores are
ft .r’~ i c  ‘lic r.p 7 inches Conservative deratincj pract ices , aligned ‘n a double herringbone

650 NANOSECOND ~~ . rlcvicc’ qualification and carefu l pattern with a center.ta.cente r
Unequaled packing density component specification further spacing tin the sense/ digiu

CYCLE TIMES 
can ‘.‘n ’ ’ o n r e  tu rin ensure overall reliabilit y, winding direction) of less thriri

iC i 00(1 b c  in ci riqir’ 2OM P ed ?c’d construction used one.halt the core diameter
mic i-l ili -, h I ricrill ies rio!- ,’ tltroughaiit the memory males Precise care alignment is

- h- c ricbr’ s in ~,nur ‘. , c te ir 1 porliculorly suited to industrial maintained by a proprietary
( i r ( ,  ~‘ ~

,c u i - i  l u qod on rr ’ l. irr i n,’ s Ev~ r v slope cit c ~ sti r bcindinq which dissipates
i- -pr ‘rn’ ,riHr’ printed c r i ~ i- hr or r r- ic!nr r , i r i r , ,1 r.roct ’cs 5 core switch ing heat ond mini-
‘~~ r Is dalir rr’ l çip ’ I’ ve c losely rroriitorrtd by the Ampex nri?es lemperatur e gradients by

and i,!on il (nrc’ 5tq~k The Q. ~ l’ , Acs - ‘ imci” ‘)epartment in providing o thermal posh to
i- r i-ic? i-I m q’ ,’sc i r”, ,t di,. ?Oi~~ 

ac~ ordrinc~ with A l l  ~~~~~~ ‘h~ subst,ate
i’v i’~ ichi- rerit u — r ick -n -- n Simp’e interface. Only two vottoqes ore

ilc’ . l,, ’ ,? wb . cb  is slipPrior to easily expandable ‘r ’c i i l i r n d +5 and — 15.
‘h - i  ri ! !.ir crc ~nq m n board Un to eight OK s 20 modules can Teanperefore compensated

‘ i ’ m  A ’ a resu lt , you hove be combined in parallel for a There is no need for power
m r . i e  su’ nce available for other capacit y of 65,536 20’bit wo r ds supply temperature compenso.
rr’ u ,n ?flnt 5 , cOrn fu nctions This flenibility permits ‘he lion, sin ce driy current sources

addition of memory capacity are temperature compensated
in increment s to meet changing in each module.
system requirements. Longer All the interconnections within
wards cart alst~ be accommo~ lire module between Circuit
doted by combining modules boords are provided No
The use nf module select odditional low level bock panel
decade and negative’TRUE wiring is required.
open collector outputs makes MOdUIO~ inforc$swsgs.blIIty
inter facing extremely simple. Complete module-to.module

. - . - . 
, brooder margins ophimipotion of memory liming,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Faster switching, uniformity is provided by

• The 2063 uses 18-mil tempera. drive CurrentS. end threshold
~

w

~~

cirvtq and brood operatIng uppo odspores requirements

~~~~~~~~~~~~~~~4 

- i  margins across the full 0°C to are greatly simplified by the
I. 53°C operating temperotur. ability to interchange any

- ronqe. Cooling requirements are module within o system or
also simplified The gloria, stock between diff.rent systems, loch

4 consi Sts of up to twenty 8,192- module Is a compl.t. memory

~~~~~~~~~~~~~~~~~~~~~~~~
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— 
~~~~r~~~i. j  A (V1REX

+ - Ampe~ Ccirmo. ,..r P, , j  ., C~ rporasor,
i3O~ I Wpsr j , t, - ,- ’ - ‘ Ii.,., i. , , ,’ ,

Mor n,, 1r’ . 5,, C,, fi,rn.o 90201

? J65 2065 spec ifications Stondard Output Data output
4 s’ —u. 2.50 nanosecnrrds c’ un _l u  Ur’it ovriulable signal Irnemor ,-
Cs Fe t mc I) ncioOspcond~ 

bus ,)

C ‘u ‘ic ’ , 7 F!4 ~ , 4 l)9~ &J92 ~~~~~ ~ 01 10 Data av ailable s goa l

16 , lB or~~~ bit s in a single End of cycle signal

‘mOd 10 Fipondoble it modules DC power regu iremeni

~~~~~~ 

‘- ‘0 a .,pru( ir of 65.53’ ~~‘)r .)5 ‘In ! ’n ip ’ ~~~ 
y, ’ Current ‘r .’

cv’- i” wards can also be , VDC ±V ,  72 nit ric (70 ci

i- , r o m i~,, uiv’ril by combining 4~ s VDC ± ‘ ‘i, 4 5 ~~~ 
pry

.tm rv i., 1 C5 Ia temperature Compensation of r’ irher voltage

‘
~# ‘~ 

5’,, n i ‘ r o n - I  R e u l  Pm-sr i - a’ 5

i’ cc C - c r  ‘N’-re ‘ih~”.re’ 4 0  lb.
Read-Modi fy - Write D.irons,nns 80 inches )203 2 mini) b ‘,~‘

,

~~
‘ 

- u”t cce  Til ne ;un iv e TRUE logic us i - e d  10.0 itc hes (254 0 rnrc l deep
- cha ir’ e n s r i C s 20 inches (5 1 mm) w a ~

- Siondord input Address ‘n1)i- t (2 125 inches with optional
j ncal lutes Data ml ii -? meta l cover )

S’n” or i’ c’ ,’cle (SIC) Operating 0°C to .55°C ambient
S n ” c, ’~~i- ’ c ,c le  )SOCI Environment temperature

- 
Reru n “i-ui . ) , w r ite  control U~ to 90% relative humidit y

- 4 , 
,, Module select inputs (used to with no condensation

Irl iess cep.u ratp modules in a l’Jort’opernting —53°C to +85°C ambient
-. .~ r i - i - l t i-  r’odule system) environment temperature

Up to 95% relative humidity with
no condensation

Avai lable options Byte control 12 by tes maxim uml
Zone Control 12 zones maximum)
External iogic clear
(Internal logic reset to reodyl

4’) ‘ 
External memory register reset
(Output lines at high logic stole)
External memory register transfer

r”~ f (For byte or zone control)
Metal extroctor handle

— .  Meld covers

Typical Input Receiver Typical Output DrIver

+ IV * ~~ 
i~ZIICOLLECTO4~

lD p~ _ _ _

- ~~t till ~2 ~ ilh Se a. .riOerr u nisex oilu. rs,.. .c.scihi.d

i~~ihl ,i U S t  C Mi I I , 7 S

A-iS

~~~~~ ‘—
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~~~~~~~~j 800 SERIES 
_ _ _ _ _  A M P E X

~~~~~~~~ Ampe. ~ u, ’nupUiei Prod u,cis Cu.urponcn.r ‘u
13031 /1 ” ’ Jelle,so.r Boulevard
Mar ri-i d,~ ~C n California 90291
A , .i.uo- ., , ,, i * ~~,,.. Cmpx.x..ox

A1s4 PEX Tailored so your needs
Complete Am pe, 1800 Series

CORE MEMORY core memory sys t ems ore

SYSTEMS USING designed to provide exactly the
cont gurations and capacities

1800 SERIES you need for specialized OEM
systems at off ’t he-sh elf prices

MODULES Th e c c  standard conf ug
‘c r riri , ,,h ch ctc commodote -

f rom t wo toe  ht memory mod- • -

____

___ 

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

____ 
C

5 ~
., a - , ln”r li’u ’ ,ouu choose

- n- - r i P , .  3~ 2’O ‘ 3113
ur n ‘, ‘r ind, rind i p tI mes

- luor~~’Q c second ,

‘ u - i ’ u o rsnt ~e model youI- ’
‘ r ’ C u’- ’ ,  e l  oerforn?ronce

_______ .ini ‘ r t cn ’on dc,?n on i&’fl
C r ’ , u ,~~ r~ ‘p r~- , p 5 5 f l f l
ri m c i )  it mi-i dual Ampenu

1 d i ’ ‘ •~ ‘u h p l0llflw in1) Standard or special an operating range from_____________ 
e , i , ’, 5 51! u ntO interface s 0°C to 5 5 C  For app li ca ruons
~~~ M Series I There ore no interlace problems requirIng a ruggeduzecl memory,

Low.r design costs when burlding the 1800 Series the 1800M Series with on
~ i- un ,r ’ n a r i b m  i’ - memory into your system A standard exte nded 0°C 10 70°C tempera .

“ i ’  ready to pi g it -- for unter lace us included. and space tt,re range and resistance to
‘ny a rnie mor e than module 

~ provided urn the memory card shock , vibration and dust can be
cr ’s You save emr-r more cope for any special interlace specified . All Ampe uc 800 Series
“ r art d rime because your ny ‘may require If you wish, we memories are comp letely nr r’ . torr r’.
ii i I I’ i ’r’suul nr manpower can i so  cart supoly special inter , from module-io.module and

‘I “O~P u-P “ to  other face cords designed to your con be interchanged w t h ~n a
‘ i-in’s ~ f the sip,’- soecitucat ion single system or between
Higher packing density dif ferent systems.

Erich aI the basic 1800 Post, reliable , and Optlon~I subsystems
u- i”, mpmo- 1’ n r i r f ,  ,.indtuonl is expandabi. You can select as many or as few

ri, efyl i , itesqnr’ui to rurovuc4 e ‘he 800 system us more than subsystpms as you need , These
rr ’O, mum i “tIii, nrrp- ,t and a last , modular , building block include 1 tS V or 220V blower
5l~~i- “ S a t , ” -  i ‘IC y icr r’ bu,ld ‘.‘u’ urror ,ustom,zed to yo ur assemblies , one or Iwo ( iSV or
o r ”  r”r Ampex ‘mP ’mOi~ unec ‘tic ‘u,Qun urem efils It also hns 220V power supplies, and on on-
c5s ’pm milD s a r’ n own’ -,, c’r ’rtt rn uun l , ’,ri rnal Annnpe,i reliabilit y, full line tester which cots completely
~~~~i~’rii~ SOC n t  u ’ it i~ space t f ~nnni .Cr0i u ,C range performanc e, check-out lotal ssstem Operotion

- a’ - I for u ’bor important and interchangeabilIty S~ondord camneclo rs ore sup.
ssstem I ‘r ct . l rr s The MTBI 5 10 ,000 hour s , with plied with ~ll coriligwalior’s

‘I
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A IV1 RE X
, C ~~~ 

~~. ~i- Ampe~ c o’mputorProoucisCorporon’ u ’
1 3031 West )elferso,n Boule,ord
Marina del Rey, Co fm ,,,,, )(j 79.

:
~~~: 

~~~~~~~~

‘I’ T~~o ru c conf igunotnc un w nru m ’enfo ce card ,
power supply, connector assembly, and blower
assemb ly

- Eig ht module Con higurot ion with tw o power- 
- 

‘ 
‘ supplies , blower assembly, I /0 connector and

- __,_
,“ ,,,,,,_, space for interface.

~~~rnm nmnodulecornluqujr :tuo n with I/O connector , ‘ ‘ i- ” ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~ - - •~
r 

‘
~
ut
~::1~~ 

Ix

‘ - - ‘~~~ An Optim al on-line tester capable of comp letel y
Ch p C A u m ,r 0 1 ’ total system operation us ovoi!~ble -
with mosi 800 Series module config uratuon s Fou r module configuration with power supp ly,
Opt ional I I  “V or 220V power suo p lues also can blower assembly, I/O connector , and space for
be selected, as well as optional ( iSV or 220V interface
blower assemblies All cornfrgurahons hove
ston dard connectors

Four module coMigurotion with power supçfy,
blower assembly, 110 connector , air inlet grill,
and spac. for ntsrloc.
L.Ii,, ,

~~u 5 A  C )JD u l ’ P ~
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Installation and
Operatin g Instructions

Color Television Monitor
Model 5111
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GENERAL DESCRIPTION

FEATU R ES back at each side , suppo rt tu ll ’leogth recessed carts-
ing handles. Sheet meta l clis cr 5 , those an d below the

°P rese t contr ols for contrast. hri ~~hcn - ss , and chroma extrusions, complete the package.
*Conti nui ,usk v a r i ah k  ar ertur c corr.,-c t ir ,n

CN egatise black matrix shadow mask CRT APPLICATION

*Sisliucj , sfj :e circui t ry The i tOO Series 19- m d  25-inch tcl evisi ’ n monitors
are especialh useful for grou p sie ssing in auditor-

°AII  setup controls from j c~essible p u l l-o ut  drasser iums , c lassrooms , lecture h .sll s. ind u ~tr iat  tr aining
areas , hosp ital paging ss stems , pies iew rooms, andn *Adsan ce&l mechanical design assures structural in- 
other audience viewing applications. Ri g id mechanicalcegr ity itk a ll mounting coflt sgura t io fls construction throug hout assures structural integrity
and protects all components. This is of p a rticul a r im-

DESCR IPT IVE INFOR MATION portance for app lications where monttors must he
moved from location to location or hung from ceil-

The mds ~inced desi gn of the electronic circuitr in the ing. wall or floo r stand.
5100 Scrics is such that the CRT itself becomes the
limiting fat o,r in performance . A keyed back porch All uni ts  comp ls’ with U S. Department of Health ,
c l amp  main t ain s true black level when op erating with Fducation and Welfare X .Radia tiun Safety Rules ,
eit her ci imposit e or non-composite video. New oper- 2 ! CUR. Subehapter J, app licable at time ~f manu-

facture.u tor conven iences include the addition of preset con-
tro ls on all  versions for contr a st . bri ghtness, chroma
dnd phase. PRODUCT IDENTIFICATION
.‘~l! secondary contro ls and ad justments are located ~fl First character — Identifies the Series (5)
a pu ll .out drawer below the picture tube, This loca-
tion provides maximum operator convenience . pre- Second chara cter — Identifies the significant update
vents unaut hor i ?ed tampering and gives the monitor level ( 1)
a dean , eye-p leasing apperance. Third character — ldenti~ es the option package ( I
The chassis is arrayed in “U ” ~‘onñ guration , permit- Standard Package )
tin g ph~ska l separation of power supp ly deflection Fourth chakacter — Identifies the color decoder stan-
from video atnp lsfier .’decoder circuit stages. Modular dard (0~~ Not Used: I - - RGB , 2 NTSC: 3 PALdrcsiit boards and power supp lies are interconnected B: 4 PAL M: 5 SECAM 50; 6 = SE CAM 60)

a quick .disconnecc wiring harness , thut simp li f y in g
mj intcnar .ce procedures. Fifth character — Identifi es mechanical confi guration

(C~ Cabinet : N i -  Naked, or Chassis; RSr ’  Rack
External packag ing is compatible wi th  the m ost up -
to-date insta llations and emp loys front and back mount with slides: Y=Yo k e -, or Bail Moun t )

f r~r , - c-s. A luminum extrUsions, running from front to Final characters — Identmfs - the size of the CRT

A-19
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TECHNICAL SUMMARY

ELECTRICAL SPECIFICATIONS

Input Pswer ~‘oIt age : IOO V -~~ l OtZ~, 501’GOHz
I(Y’~., 5O/(sOHz

noV ~.- tofl , 50/ 60Hz
240~’ 10% , 50/60Hz

Power: 12 5 watts , nominal

Power
Connection: Capti ve 6-foot cord with three- pron g connector plug

Input Signal. Composite : Loop-throug h or switchab le to internal 750 termination ,
l.OV peak-to-peak , nominal (O .35V to 20V )
Sync is negative.

Non-
Compo site: 07V peak-to-peak . nominal (O ,25V to 1, 4V), Black negative.

Video Input Return Loss : Greate r than 40dB

Video Response Monochrome signal app lied -
~~ 1dB to 5 MH z

Diff.r .nftol Gain Less than 5% for luminance of OfL to 201L.

Aperture Conectl.n A conti nuousl y adjusta ble front panel control provides up to 6dB boost at 3 2MH z.

D.cod.r Accura cy Decoder error less than 1. 5~ .

Linsority and G.ome$ry No point on raster deviates from its proper position by more than 2% of raster
height.

C.nv.rg.n c. On the 19-inch models , does not deviate more than ,040 Ut 1.02mm (.051 ” or
1.30mm on 25” models) front picture height in a centr ally lot-ned area bounded 1w
a circle, The diameter of this circle is equal to the picture height , Elsewhere, the
deviat ion does not exceed ,O$0 ’ or 2 04mm (,100” or 2, 54mm on 25-inch models).

Color Tempiraturs The range of RG B gain adjustments is sufficient to permit setting whit e color tem-
perature to 6WO~K (f actory setting) or 9300’K.

Color T.mperatvre Color temperature of white does rot change by more than one MPCD unit betw”en
Accur acy monochrome and color inpu t signals.

Interlace Better than 90%,

Raster Sit. R.gulatlon Less than 1% change, 0% to 100% APL (Average Pictur e Level) it peak ZOfL
luminance,

Slack ivel Stability DC restorer maintains black level shift less than 1% of peak luminance from 10%
to 9O% APL.

DIscernIble Sh.d.s .f Gray ID minimum.

Vertical Retrace Tim. I000~sec nominal ,

$•,lsontaI Retrace Time IO~A1IC nominal.

All units comply with the U.S. Department of Health, Educat ion and Welfare
X-Radiati on Safety Rules , 21 CFR , Subchapter J . app licable at time of manufacture ,

Ambl.nt Temperature
sad Nwmldlty 10’ to 50~’C operating temperature; 10% to 90% relative humidi ty; no condensation .

A-Z O
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MECHANICAL CONFIGURATION

Construct ion The chassis , ~ hich is censtr ucte d of heavy-gauge aluminum , is arrayed in ‘ U ’
confi gur at i on . pv r n t i t t i n ,~ phys ica l separ a tion ot power supp ly deflection fr om video
an~p lilie r / ~lvcode r ci r cuit st.Iges . Modu lar circuit boards and po~~er supp lies are inter-
connec ted bs qukk-disconncct ssiring harnesses, simpl if y ing maint enance pr ocedures.

External packa g ing is compatible with the juost up -to-date inst a lla tions.

Frames Aluminum extrusions , running fr om front to back at each side , for m full-len gth
recessed carry ing handles. Sheet me al covers , abo~e and below chc extru sions , com-
plete the package. These ire easil y remo va ble for ma int en aoc e pu r poses. Cons er siun
from cabinet to rack mounting is accom p lished by remosing th e sheet met a l covers
and side extrusions and in sr .tll in g r ack r a ils. The CRT is ñnished in black and al l
exposed knobs and switches arc dull ñnish plated for min imum viewer distr action,

W&9ht MODEL NET WE iGH TS SHI PP iNG WEIGHTS

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

SI O O RSL9 98 lbs. Lu lbs.
44.5 kilos 50,4 kilo,

5100Y19 99 lbs. 112 lbs.
44.9 kilos 50.8 kilos

5100C25 146 lbs. 158 lbs.
66.2 kilos 71.7 kilos

5100Y25 146 lbs. 158 lbs.
66.2 kilos 71.7 kilos

A-2 I
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j General DataComm Industries. Inc.
1 3 1  0 A N B i J ~~~Y ~ OA0 .  W I LT O N , CON NECTI C UT 06897 , TE L EPI-4ONE (2031 ~62 .O71 I

H

GDC 201-9(R) LSI
— SYNCHRONOUS MODEM

-

~~~ FEATURES:
• UI Technology
• 2000 o’

~ 24O0 bps Operation
• Remote Analoop ! and Data loop~ Addressable

Diagnostics for Point -to~Point and Mult ipo int
Applications I
Operation /

• Stand A one or Rack Mount /
/• Alternate Voic e

• Secondary Channel , Forward or Rivers.

• Dial or Dedicat ed , Two-Wire or Four -Wits 

/ 

/

Operation
• WECO 201A or 2018 Compat ible
• Local Ana loep ! and Loopbac k Self -list

APPLICATION
The Genera l DataComm 201-9(R) is a synchronous 2000 ~~

¼2400 bps modem designed to operate over
uncondit ioned 2- or 4-wire type 3002 private lines or over the ODD switched network via the Manual Data
Coupler CDT (1OC3A). The GDC 201-9(R) is ful ly compatible with WECO 201A (2000 bps) or 201B (2400 bps)
data sets. Standard features include automatic fast sync , clear to send delay, carrier detect, externall-
internal transmitter t iming and MARK hold on receive data when carrier is lost.
Availab le for rack mounting (20 1-9R) at the CPU site or as a stand alone, single channel subset (201-9)
for remote locations, the General DataComm 201.9 CR ) LSI modem incorporates unique diagnostic funct ion s
which permit local verif ication of modem and system operation without the need for special tools or test
equipment.

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

C SOC 201-*R) ~~~~ UNI QUE DIAGNOSTICS

- - ________ 
Unsurpassed local and remote diagnostics inherent in the
GOC 201-9(R) provi de for rap id troub le shooting with in the

— ~~~~~~~~~~~~~~~~~~~~~~~ entire communications system. The remote Dataloop8 diag-
nostic feature of the 201-9(R) provides remote loopback ofOATALOOP~~ 
the modem on the digita l side in either point-to-point

________ - XMl - - -, or multipoint systems, The unique Analoop! diagnostic
~~~ 1 command will loop the local or remote modem back on itself -~ ~~~~~~~~~~~~~~~~ I on the analog side , as well as the private line ’s receive Sidej  udALoOpe

to the transmit side.
i s 

_ _ _ _

-~~ 
~~ — -  ~ta~~----- -~~~!~~ I In multipoint applications an Addres s Generator is provided

______________ _________ which generates a unique address associated *ith each1 I remote modem. Thers fore , by use of the Analoop C and
lIST 5001$ Dataloopl diagnostics, each indi v idual remote location can

be anal yzed with respec t to term ina l , modem , or private line
_______________________________ failure. This concept of Add ressab le Diagnostics al lows a

A -ZZI
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GDC 201-9(R) LSI SYNCHRONOUS MODEM

user to isolate faults in a matter of minutes. Receive Clock: 2000 or 2400 Hz square wave
In addition to the remote Addressab le Diagnostic synchronized with  incoming
features, there are others which aid in diagnosing data. 

- 
Receive d3ta transit ion

system problems. These include a Test Gener- coincides with positive edges
ator !Rcco~niz er and an A lt ern ’ite Voice faci l i ty . ~ ClOC k .
The Alternate Voice faci l i ty includes Ri n g Signal Fast Sync: Provides for externa ly im-
transmission c i rcu i t ry , Ring Signal indicator , and posing Fast Sync where time
interface for the GDC aux tiar y telephone set. between messages is less than
The aux i l i a ry  telephone set provides alternate 10 ms.
voice capabil i ty  and also monitoring capab ility Equalizer: Statistical equalizer provides
without  interfering with data transmission ,  equal izat ion of most common-

ly encountered telephone I n c
SPECIF ICATIONS ampli tud e and delay charac-
Operating Modes Simplex or half-duplex on two- ter istics .

wire lines and half or full-  EIA RS-232B/C
duplex on four-wire lines; Compatible: Input:
strap selectable between two. SPACE (or ON) ÷3 to ÷25 V
wire and four-wire operation. MARK (or OFF) — 3 to —25 V

Modulation: Differential phase shift keyed Output:
1800 Hz carrier , four phase. SPACE (or ON) --11 to ±1 V
Transmit signal includes ful l  MARK (or OFF) —10 ±1 V
bandwidth required for WECO Power Supp iy
201 compatibility . Requirements: AC Power: 115 V. 60 Hz

Operating Speeds: 2000 or 2400 bits per second , 15 Watts
serial , synchronous on DDD Operating Temp: 0 tO 70°C
or unconditioned 3002 lines. Storage Temp: —20CC to 85°C

Carrier Detec t 
. R d .  Humidi ty: 5% to 95%

Response: Operate Time 10 ±1 ms
Release Time 8 ±1 ms -

Transmit Level: +2 to —10 dbm , adjustable via ORDERING INFORMATION
calibrated potentiometer. Spe c~y:

Receive Level: Nominal — 10 to —40 dbm , Conf ignrat ion
adjustable via calibrated pa- L:st 1 20C0 bps Operation
tentiometer. Dynamic range —s— List 2 2~~-0 bps Operation
±15 db around nominal. Option s

Transmit Clock: (strap selectable) List 3 Remote Diagnostics
Internal: List 4 Single Channel Address Gerierator/T ele-

2000 or 2400 Hz ±0.01% phone
square wave List b Rack Mount Addre ss Gonerator/Te le-

External: phone for up to 12 mocems
2000 or 2400 Hz ±0.01% List 6 Remote Teleph one for Al t ernate Voice
square wave List  7 Reverse Channe! (75 110 baud)
50 ~ 5% duty cycle Lis t 8 Secondary Channel

V’~~ additponj l ri formato-, . contact :
Mark.t,ng Ospartment
G.n.,.I DataComm industrias, Inc.
131 Danbury Road
WiItOn , Connoct cut 06897
T~iephone (203) 762-0711
TWX - W ilt on 710-479-32 10 Printsd in U S A .
1WX : MOnti’~~i 610-121-3221 ‘i  Gen.raI OataComm Indultri •I. Inc. 973
T.I~~: irusiiis 146-26801 • R.g~si.r.d Tr d.mark 0.nsrai OMaCoxn m Industr st Inc . IOPLSM
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MODEM JUMPE R POSITIONS AND CONTROL SETTINGS

FOR DIRECT 4-WIR E INTERCONNECTION

CARD Position Jum pe r or C ont r ol Name Position

2 01 RCV T op CCITT B

SCRAMBLE OUT

FST SYNC OUT

201 T/R Center SCRAMBL E OUT

CAR NORM

XMT VAR

XMT POT -10 (dBm)

A/B B

TMG INT

RCV VAR

RCV POT -10 (dBm)

EQ OUT

2W/4W 4W

ZW/4w 4W
CB 8.5

CB/8. 5/ 17 5  8. 5/ 17 5

SQ 100

XMT/RCV 4W

A - 2 4



(N~OTON • SECOND AVENL’E. IuRLING7ON MASSACI ’ .JSETT S 0-1803 • AREA CODE 317 7724830
DI VISION OF OPTICAL SCANNING CORPORATION

1. SPECIFICATiONS

The NFOTON VISTAR GT is a stand-a lore alphanuni er i c  display terminal for use in
data entry and retrieval systems where a highly f lexib le interaction between man and
machine is desired . The V ISTAR/GT incoi porates such important standard features as
conversat ional mode, and an Infotone ~

-. hic’i operates on the bell code. Complete
specifications are listed in INFOTON Document No. 02421.

1.1 BASIC SYSTEM
Power Domestic: 100 watts , 105 130 volts; 60 Hz

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

Storage: —3O~ to 70°C
Humidity 0% to 95% non-condensing
Dimensions 13 inches high, 19 5/8 inches wide, 23 3/4 inches deep
Weight 35 pounds
Screen Size 12 inch diagonal
Display Size 8 1/2 inches wide , 6 inches high
Characters,.’Line 80
Lines 24
Line Spacing 0.45 character height
Character Format 5 x 7 dot matrix
Character Spacing 04 character width
Character Size 0.08 x 0.19 inch nominal
Character Repertoire 64 ASCII
Refresh Rate Domestic: 60 times a second

Export: 50/60 times a second
Cursor Non-destructive blinking underscore
Transmit Data Character by character as entered by the keyboard.

1.2 STANDARD INTERFACE
The Asynchronous Serial Interface is a multi-purpose serial data interface which provides
maximum flexibility in operator switch selectable data ratec , 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 E IA RS232C voltage interface and the Teletype compatible
20~5O mA current loop interface for serial communications and computer interfaces.

Regis tered Trade Mark of Teletype Corporation

A-2 5



INFOtON • S~CONO AVENUF , ~URLiNG~O~& ‘~iASSACHuSETT S 01803 . AREA CODE 617 272-6660
Di ISIOPI OF OPTICAL SCANNING CORPORA TION

The operator selectable funct ions inciude the following:
1. Eleven Receive data rates — 75. 110 . 150, 300 , 600, 1200, 1800, 2400,4800 ,

7200 , and 9600 bits per second
2. An exter nal TTL clock input
3. Full or .~~ij Dup)ex
4. Ten or eleven but code selectio n lone or two stop bits)
5. Odd, Even , or Mark Par ity
6. 20 or 60 mA Teletype compatible current loop interface
7. EIA RS232C interface - Interfaces to Bell system Type 103A , 103F , 202C, 202D

modems or equivalents

I

‘I

• ‘RqisMr.d Trade Mark of T~!vtyp Corporation

- A - Z6
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MEASUREMENT SYSTEMS, INCORPORATED

TRACK BA LL
MODEL 628

(or

GRAPHIC DISPLA VS

AIR TRAFFIC CONTROL 
-

RA DAR CURSORS 
-

MACHINE TOOL CONTROL

A snmll s ize trackball built to meet rugged envi- MODEL 628 square waves
ronmental requirements is now available from
stoc k in samp le quantities . Use s long life optical shaft euiuuders that produce

square waves in quadrature as the ball is rotated.
EASY TO OPERATE The standard rate is :ioo complete cycles per

The Model 628 trackball is a fast and accurate rotation of t he ball. Output levela are ‘ITL corn-

2 axis manual positioning device requiring a patible, pos it ive 5 volt. Other pulse rates available.

minimum amount of operator training and skill.
Electrical signals proportional to magnitude and MODEL 628-i potentiometer
direction are resolved into X and Y components
as the ball is rotated by the operator, Typically. Features multi-turn potentiometers that rotate
bi-directiona l optical encoders are used that pro- full range for 3 turn s of the bell. Resolution is

duce TTL. pulses on an “up-count” or a “down - .03% fo r standard 10k ohm potentiometers. Other
count ” line, resistance values are available.

DESIGN FEATURES MODEL 628-4 TTL pulses
A 3 inch dia, bell in a 4.5 inch square package
only 2.25 deep make this product a real space Identical to the 628 described above but with an

saver suitable for all but the moat compact con- additional logic circuit built into the package.

sole design .. A drip-proof seal is standard ~~ all Output becomes T~L pulse. on an “Up-count” line

models, or a “down-count” line depending upon direction
of rotat ion .

SMOOTH MOTION
Unique bearing and pick-off wheel design, provide
this unit with the lowest operating for e, available. Rt PR(srNyrn ~~ ,

Tangential force required to move the ball in any
direction is lees than 2 ounces. Additional fnction .

can be readily added to hold the ball from turning
for turbulent environment applications.

1 u : ’  7:1

MUA$4MIIUIIT SY$TUNL INC.,., U) W~~T *vmiuu. NOIWAUC, CONN. . . - 283 Sil4Nl

— .
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MODEL 628 TRACKBALL

4.000 2 5 TY P .156 a 2.25
I 7 S O - ~~ 

1

— - -k’- ‘ — ~~~ — CONNECTOR
T i2 PlN

i~~~~~~~~ X9~~ ~~LDIA:
~H 

_ -

-
/ L 450 SQUARE ~~~~~ ~~~ L

Connector Location Ihown is for Model 628-i.
~ t 0 ’32  UNF ~ DEEP Connector Location for Model 628, and 628-4

4 PLACE S i~ ~~~~~~~~ opposite ( in iower left position).

SPECIFICAT IONS

Weight Less than 2 lbs
Tracking Force Nom 1.5 us, Max 2.0 oz
Housing Aluminum Casting, Black
Environmental Seal Drip Proof MIL-STD-108
MTSF 25,000 Hours
Power Requirements. Optical + Svdc . 400ma 

-

Connector Ampheno l 67-02E-14-12P
Counts per kes’olution 300 Standa rd, other counts available

M0D~ L NO. RESOLVSR OUTPUT, EACH AXIS

628 OptIcal Square Waves in
Encoders Quadrature +5V

628-i Multi-turn 10k ohm , 1 watt, .03%,
PotentIometer 3 turns full range

628-4 OptIcal TFL Pulses on “Up ” or
Encoders “Dowi” line

SPECIFICATIONS SUIJECT TO CHANGE WITHOUT NOTICE

M1A$U1~~ INT SYSTIMS INC . .. $21 WISY AYINW. NOIWAUC. COh N, . . . 261 116.1141
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~ , D~~~EL. ~~~~.!~J SYSTEMS. INC. A.NALOG-TO-DICJTAI. CONVERTERS

ADC-MA SERIES

I .t 1( I f t ES

P 10 & 12 Bit R.solutlon •

P S.luct,bI. Input Rang..
P. 20 & 40 MiSC. Conversion Tim..
P UIIIPOisI ne Bipolsr Operation
P’ Input Buffer Option
P P.r.Iisl & SarIsi Outputs 

- --—--- -- --,- ‘——- --1
.,~~N~~ :A t  ~is(:RIpTIoN ::~~‘—f ~~.i~ 

— -

Thu SOC MA ‘arm A/ D coon.,..., COO,,, - r—’— Iof 10 and 12 bIt r.,olut,on nodal, w ,th 20 
~:;7’ 

—  —-- --- - --——H , ‘. I
oc 40 ,o~c,o,eCOod con’ars,oo tom Thu . - --—-i -- ‘r~~ 

—‘
~~ 

c 51~A.
omt, l.a,. ,. fo~~ petfotmenc. and ~~ 

~ ~~~: I r Ulfif ±.
Thu .ccspt. on al coniat~f .ty of the SOC-MA . ,  • “ >-----

in.efl . tern n the fOllowtng ts.torss ...~~~ ,, ~-———U- ” .- - — ‘
~~~

‘-‘ “
Stngl.’undsd ‘flOut vol tag. sngus of 0 ‘0 .

~ r 
•5V , 0 to * IOV , r~~V . and nl OV at. p n  ‘a ~ ~~~.i F I I f ’  p’f’F - -

luctablu by th e oun itt addition, an ,nte,nal ~~ “ ‘  
- 

I LI I I I
h . t  drpot ,mp.daocu bvf$I. ampi,l’a, ~ ~~~~~ “~~~“‘amiable as as. opt.on Th,s .mc.I.f,e. asnes an I I ~1’,v,pui .mpidsnc. of 1000 m.gobmi on all L I , Ivoltage rungus Wttf ,out thu amplifan to. ‘n - (

~
) - .,

put ,mpsdanc.as,e 2.5k , 5k . and 10k afoot ..— .,~.
on SV . 1OV , and 20V full scsi. rang.. rslpec - 

- - - j - -
Itnely. Dtg.tal output dats o vasl able fl
othut penal 1sf fono. On tur ,af P A Z  ton, n.t
‘an synchton.t,ng.ttohe f*ala.a Setul d.te , _ ,~~~~ ,, - - - . — 
.s .t ra~ptt h nacy lot un,polas operatIon and — —
oil an b.naty 105 b,polat ogscst.on Petailef
i.ca .t st,a.ght b.twy to, “onl a. opecat on MECHANICAL DIMENSIONS
an d offset blnaty or tuto, con’pietVt~flt fan INCHES (MMI
bpof a, o~senat’on Thu ADC.MA on,,. can INPUT/OUTPCT
Oputitu u,tftuf ntutn.liy Oi u,,ter nail y 

~~ ‘~~~e - - CONNECTIONS
doc ked In add t,on, the ,nrnrn.l cloc k rat.
cetl ha decnsasId by Ut. of an satut nel I —— “‘ ‘ 

~~~~ T. [ .~~~~~~+ . 
-— 

I - —~ ~

Thu SOC MA aer.as ..,u. to. tUCCIUI’a ‘ r -— ______‘

~~

-

~~~~~~ 

- ~~ c~~~~°”,~~~’ —
5,prot rflatlon tsch n.qus to ach.eva s,cel I ~ ~~~~ a,..  

~~

lint I,flh.nty. speed, and atalstl,ty I,ntpara J ~~-... a.w as~~ in - 
2iV e~.., Sit ISO.,, 11.1Sf

-

~~~~~~~~~~~~~~ ~~~~~~~.. 
_ __ _ _

_ _
vmn~ .tsd ,-ot runt source, iSsutfl ,n mono .4fTL isi Pf’t USC Anasf~~~u. St P Oat

too,c o etapon no mOsingcoda, otat 

f 
_ _ _ _ _  _ _ _ _

rang. ~.: ..: ~~,_, ~. a.. ... 
~
,, 

~—‘—~~ cs..s a... Is. Te.,a~~~~Thu.. convent.,, ate encapSulated n a 4 2 :f~ I:  — n a  ‘~~~‘ sinai Gpe~.v Is. •04  nut modale e,th DIP comp.t,Ma ii~j r  S T ’1  S O C  f$~~~.l Is.
100” pUt IPS~~fl5 InPut Po~~ r ‘ens ,,. 4 

— 
SanS Cuemi 

—tnentn are , I5VDC and SVDC and ar• - - -
..e.Idale Iron. 0.1.1 ’, I,n. of nodulat po~~ c l.\ ‘_ —

upplasi All thqstal flOut. and outputa ate f 21 - I I. F2’tj
D TL / T T L  cOlttpIt’bIu.
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inPUTS
AIUNS~~~IIS S~~~ • Oto *SV P5, O,o ,10V P5 ,

SSV PS. vtOV 55
lt,at Oleiit.lI .~~ f i l ly wIthout d.sttas. to unit
leper l~~~~~~~~

S te iSV PS PItIge 2.55 olIn’s I S.5K Ohms
*SV aetiIte,iSVPS A~~~ Ik of,ms I SIC pt,nw TECHNICAL NOTES
*ISV PS ~Nrq5 105 ohms lOX ohms

1000 Megehn.a I 1000 MaSOhms The AOC.MA series contalte at. untetnai
SNn Si 05....,JIL. •2V mItt , to ‘ISV ma, poultinu putt,, DC couplad, with dOck whsdt 1 eat to the ,nac,nw m

du,at lon of 100 me.. tttlt,. Rita and fall howe 500 tie,. . ~0 5 .  COlWS,IiOn rat.. Titus rat. naty be ds
lien. , III. loads. Lo51c “1” resat. connertas. lr.eeltion to Creased by connecting an ,sta,n.l c~~~c.
mgi. “0” initIates converSion. Ito, betno.n pins 31 end 36. Tb.

CaseS leper Mutt ha sonnacted to Clock Output to use Intentaf clock. anoroxtnseta caDecttoc value to eden.
Clock Input can alec be s eed wIll . as, estat n.f clock . Mt. dUt lSd cotnersios, flies is show., in

the table at 11l bottom øf th. next pep.Cloak R.u M.t, Is internally se, to 5lna maslmun, con nsrnion ste of 20 
~~ ~~~~ converSion time obtained inon 40 ~eec . pee c.nverelan. ‘m i .  tln,e may be ncr,.e.d with

an ente,t,al Capacitor Connacted bat’s..,, pIn 31 IClock ~~~ mann., does not ln~ tOve OXusey
Ratel and pin 35 IClocI, Outl, See conversio n tim. form ulas. hat ,t dose pemut sc.nIhellUIily Or

ayncfsronuzation with inlarfscin equip-
OUTPUTS

oweput ome 10 L,nas of data j 12 LIne, of data 
ow ns for rtseny Icatsona. To see the
sflta,nal clock a lunteer must be co’aOat s I, held unt, l flax, sonne.alo.t comn,ind. East, outp ut a twcled betinun pine 36 and 36, Forcapable at diinln 5 ITt loads.

V out (topic “o~’I ~ 
aislernel clocki ng atluict, rteey be d.~

V out Itopic “I”)  ~ n2,4v .r.bla in sortw application,. the iunsps.CedCt5 a rumored and the external clock ap.Uls~~ fer O eratlost - , . . Stra ,gi.t h oary , poxltl na true.
plied to pitt 35. (J.• a symmetrIcal 0 to

Slpoler Opetation . . . . .  Off tat Sine,, or Two ’s Complainant, posItive tru .. .5k’ .quw, Sill, a m,nln,um 10

~~Ie5 Ovepsit ~~se NRZ Inon retoi n to lero) .onc.esl na d.c ,tIO n pul ls output lilac . period to, tile 40 file., converters
generated durIng conversIon wlcfi M50 first, Ser ial data ‘I and a mInimum 1.6 file., period for tile
xtraI ght b,na. y to . unipola r operat ion and oltset bina.y for 20 mISC. Converters. The Start Convert
bipolar Operation ,. Output will di va 10 ‘mIt loads. Iwo ’, pulie should have a minimum 100 twe.
compla inant Is rnot a.ellable w i t ,  anal output . slidth end should not be med. too long

Satob. Output , . , . , , .. .  Anallabla for sin ai dat.. •y ncl,r on leat,on . Serial ~~~~~ 
ainca clockIng bepra of the falling edge

.oal,I a on strobe pith . sOadlng edges. Will drive 0 ITt toads, ~f this pulee and, ther fos., it. width ix
________ 

tans of SIts tota l conv ersi on t ime,
SOC Us. Si C.... .I....) . . , Conversion stat us outpUt. 1.055. “0” for connutson con’-

plets , LOam “1” dunl n5 rese t and conversion period. WIll Analog putt are connected to pin 6
dine 10 IlL load.. tot IOV ranges and pIn 5 for the 2OV
Con,plam.nt xl End 01 ConversIon output . L o k  “1” Ion range wit.,, the Input buffer amplifier
cofleeralo,, contpleta 5051 Logic “0” durI ng reset and conner - it not sused. Th, input Impeesicea in
lIen per iod , WIll dri ve l IlL loads, ,w., case. era 5k clues and lOX ohm.

ClogS Ot.tpat Internal clock pulis traIn output aatad on du ilno contwr aion rsapaCtiv,Iy. For IllS 0 to IV range, pin
t in. 5 is connected to pin 3D. flies parallahitt

h illel Output Ovtpu t of optional lnta,n.l b~ffut amplIfier. is. tin internal SIC raditora to p.. a
aSk aiim Input int,,esle.., at pln6,,snpoaM*rdCs

Reeehsnlesi lO s t, lone pert In 10241 IS UI,, tone past In 40g€ l Th. end of conven on at steno pulse .
Ae.u,eesr v.08% Fl tsi155 fl .012%P5 *541 51 erallab f. it pIn 33 and It. contpheme nt

4 avesIdsi. St pin 41 Nostt *Iy II,.l.Us lty 2)41.55 *141_sO
lump. C.afflsl.sst of Gain -  t30 ppmf C ma.. of Rsldln *30 ppm/nC toes. of s.eed,ne SOC output w uaad to control Ms. mod.
lamp. CeSifta*it Si Zer, of the itteut eanspls ind hold. ~~ tIn

Ustlpesal II ppm/’C unse. of Rang. 5 ppm/ ’C ma, of R.t.g. OUflIlit des 55 Sfellabl. at past 32 In
Sipaha, t 10 ppm/’ C ‘sea. of heng, 210 ppm/ ’C ma.. of Ran_a ttraipitt bisesy cod. foe sifilpol - q ~per.

C..._alait lime, me.. - , . ’  20 or 40 $aec . 200,40 flasc . tIOn or otfatt bUwy for bapoler opera-
lda,endlng on modelf f depending on modal I tion. P4onreturn to iwo IPdRZ) format

Pine, Sepply Seusaltiehy In used and tile dote Ia solid at the

. lataaklg * ISV ls.uPlfSal edls4 edge of the strode p-ian PvsiusiGai t *20 ppnt/tk 220 ppm/% dot. . SSol.Sj ~~~~~~ fat us’s’S.. ilOppu.s/lk ,I000.t,/s
_________________________ ______________________ ______________________ polar operation and ofi,si bln .y or
POWI R RIQUIRIMUNT v ievo c *o.,v . moms , me.. Ivan’s S liplImeisi Icr blpolat operation,

l~ IIls lisp-il bUffs, amplifIer) - t evoc *o.sv ~ SImS , ma.. Tam’s cOmpiemant Ia obtalnad by sang
SVDC *0,2SV ~ 300m5 , mae. it. COtIWieltIeMid MiS Os Ipsif at pin

70
PWYSICAL .SNVlfIOffMSNTAl.

Opeswfls. tesslperastsee ffaep O’C to 70C
Oseras. Tesepereetsue lemps 15C to I SC
fIalath.. hiamhIlty Up to 100% non-condaulalog
~~~~SIaS 4 . 3 .0 4”
Cat, MaNtles Slack OI.lIyl P5.tst.l a,a out UI 1-1. *4 , eposy ena.psul.s.d . 

round. °‘d plated, .350” long mitt.
Uo,. l237 yent. I

Meslill Seatats Iepde..ell.. . OILS - 2, 4 raqulred.

A-3 0
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TIMING DIAGRAM FOR ADC-MA12B Output 010101010101

NOTE For 2Ca.ec. C.,nseeiio. Time, I • 550 mISc . For 40 isiw Conversion T una, I • 1.5 ulec .

i x —

~~~~~~~ ~~~ LJ~J~J ~~~~~~~~~~~~~ J
.~~ , _______________________

a,” __________

OUTPUT DIGITAL CODING, ADC.MA SERIES
ADC-MA12B (12 BITS)

USIIPOLAM INPUT MANGE STRAIGHT BIPOLAR INPUT RANGE OFFSET 1WO~
BINARY SINAR’! CONtLEMENT

OT O+ IOVPS OI0 +5V F5 ilteS US x1 OV FS e5V PS ins US ~ B
.0.0075 *4.9086 t t l t * i f t t f f I  .5.955? +4.9575 1111?U1 )) l l  O) l 7~ l’) . t1~
.1. 7500 .4.3700 111000005000 .7.5000 .3.7500 ll*0ip.l*flfl. ..l* OIIQOta)4AS3OU
.7.5000 +3 1600 ttlk,u0ssu~~ O •6.0000 +2.5000 ~~~~~~~~~~ O1%on~~~du~
+5.0000 .2.1000 ¶..I*0ti..flOO’sOO 0.0000 0.0000 tOO a~~ *pl’~~~i 0I

~~vO’~ - wtm
+2.5000 .t.2500 Otor~stG.,,mtrIJ -5.0000 -2.5000 0Ipl~~~~~.r~ 110 lltI~ 0Oi*
+1 ,2500 .06200 O0I~~~~~~~ O -7.5000 -3.7500 00l0~~ ”t1~’tmO tOIrjOu..h~OtJ..I)
.00024 *000t2 0O0XO~~~00) -99901 -4.997S •~~~~.fl(1JW1(IoI I.,~~ 00O0o0Ol
00000 0.0000 ~~~~~~~~~~~~~ - 10.0000 -5,0000 •.I).~i0~ i00 1~fl)0 W~~l

ADC-MA)0S 110 BITS)

.0.9902 +4.5051 It IlIllIll .9.9606 *4.9902 11111*1111 Ott l I l l I l l

.17500 .4.3750 1110000000 *75000 +3.7600 1110000000 0110000000
+7 .9000 .3,7500 1100000000 .5.0000 .2.5000 1 lslXlv0000 0)00000000
+0.0500 *2 5000 I’~~~.”0’~ 0 0.0000 0.0000 U~n~ JW~Oplt
.25050 *1 2600 0105000000 -5.0000 -2.5000 Ol000uOOuu 1150000000
*1.2550 .06250 0001000000 - 7.5000 -3.7500 0010000000 10)0000000
.0.0055 .0.0010 00-~0t.~ 01 ~9.9S05 .4.9002 , . spu~V~.7t *000000001
0.0000 0.0000 .~~~~~4�’00 -10.0000 -6.0000 O O O ~ .i~ l.•.000.,,OII

CONVERSION TIME
EXTERNAL PIN CONNECTIONS USING EXTERNAL CAPACITOR

_______ — — Ths ealernal atpa,itor U .....ne.tid bataman PIIsa 31 and JS Con-
Iteur S4JPPIM ll ~~ JT 5155559 6*9099 aNxious tIme WI ill ~~ie Is In n~~. ..nd. end Mieciler edge ma in

151505 fF11 OPTION TO FIN PIN 45 0  FIlf 50 PIN 010 picofera~~,
ISTNOr1r e — —

010 .flV WITH $ — C... ,... .Ion Tim. Formula lmproa.)
w,yamuv - 15 I Cone. Tm~~ ADC-MAI50 ADC-MAISS

WITH ~ —

alou 
~ : 

______ L ao iiaec. c • esn-o~ ..e..> C -50 IT-3~~saN.)

• TO $95 t i T  [ 10 s.e.. C • SSIT.4~~ ac.) C • 5I4T-4~ sees.)

•hfS*Win,i lMaelsel .s..aNSLss rate tsl,aat ste esdened mo..l,er Is t~~~~~

, w . - -~~~~-. 

A-3 1 
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CALIBRATION CONNECTIONS
A~~~~R thsSa5Ct eisO 0.tlate& cweecr,oe
leTl5IsAL CLOc. VU

r~i~ r - ’t °t .
tIN a~~~a.etesas e_a0*

155150 le ass’? nine ,
L_ ..._ s ttamaLct,occ. L___ _

I.Ot linteSOS
‘lets Sc ‘in DC

cue_t i 0,5,_ti
on Aol I onao. I

s_ a nal.
Cix

•le taT ‘O s.~~ ~~~~~~~~~~~~~ 
•~~ 

~~
.—

~~~~~
---—--

~~ 

~~~~~

,UT

I 1011011
.1s’+ cc‘IsV DC VII. vIawcO.encT roe

5!0 .ev injt
osi~~.2SII OC

sate ______ _____________ ~~. 
4 e.~~OrO ‘Iv 

~ 
CS INS 0—’- ol

C.D.t.. I.---  os ‘liv, — 4 b

Cl  ° ~~~~~~~~-:.-:~
-
~

NOTh CaIIUatIsu a 15~ —- iota inland bofW 1f IN. I
tNt ” tees”

Comes’? bait,, te tadawesd it E.Ntnet Pin C e s cø..., 4
levoc ‘ISV Oc

UNIPOI.AR OPERATION IWITHOUT SUPPIRI BIPOlAR OPERATION IWITHOUT SUPPIm

CALIBRATION PROCEDURE CALIBRATION TABLE ADC.MA SERIES
Cow and offtet adtustments we scconipl.,I.e d — liliaxI st the ‘ 

-_______________ __________ _______________________

d.o.e d.~~w. sang the Calibietson labia. The tr.tIa,tut ADJUST- INPUT VOL TAGEponnc.omalau. e,.ad .It~~Id at 15 turn IOdepntF’C Nuoparae.ra INPUT RANGE MINT )O BIT 12511,~oqII.c.ant carwat type units and are am.Idas from Desli — ___________ __________ ___________ __________

Staten. at $3.00 ears,. A pulse funers*ca dtoufd be Ss$*llIed tO ‘ OFFSET 
- 

24  my OIl mVp.. *5 vOlt ttullat .5111 tOO mac mtm,tx.m dolatma ’ end a
sow.ng aged to or Iar ar then the apec.f.ed nsaaltoum ~~~ .. 0 TO .SV
sert.on tn. 120 or 40 user.) . TI.,. attteretou atould ~e . GAIN +4 9927V ~4 gSS2V-Inonactid to II ,. “Start Convert” input. A p,ice.ion voitep 2,afassnc, ,ource litould Wa connected to the .elfctad aneica

OFFSET 4.OmV 1.2mV
OTO +)~VOffset A4uete_stt~ For un,polar aperatecu set the cutest of III,

aniIa reference source to iwo pita 1)2 LU The nelse It GAIN *9.9064V .4 9963v
taoist, en its CaI,b,at.on Table Ad1uxt Itta offiet ti temap — ________ ________

potens.omstsr unI t the LU output Ilsckau, Squally betweert
OFFSET -4 996W -4 9ll8v 1lope O’- end logIc “1” IOetpt I between 000 000 arid

500 0011 to. bipolar opwat.oc set thu .olt.pe aheanta ‘ t 5V  _________ __________ _________

taur ca to nunus full scale pIus 1/2 LU and malt th~ lain, ‘E GAIN .4.SISl v

A~~~~~ stt~ *~ get (ha cutest of the ndiq. rafa~~~. ,

udsuitmanl —_____ _____ ______

OFFSET -99902V -9.99)IVso urce to lull scd$ In ns. I 1121,35 II*Isedue.t aleo lisaam n -
Pt. CalINrat.on Ted. Ad~uat pen tne”m.n potentounets. gtt,I I IOV — - -

191 outegI 1141am equal), bate.qn lagIC “~~~ astO lOgIC - ~~~ IN .09707v .G..927VH
tOsi ys u lbet .senlll . I lOesi d l I l  t i l l  — ________ _______ ________ ________

ORDERING INFORMATION 4D C- MIo~ ~ ~I~ CES(I4)

ADC.NA 

~~~~~~ 
ADC-MAIOS3A . . $ 05.00 ADC-UAI902A . . $129 00
AOC MAIOSIS - $115.00 ADC’MAI2B2S . .  $140.00I ________________________________

FILAISIR OP SITS I WITH OIl 115107 CONVERSION Per epidesti littered pa* Iwqsedo..cs bUffer suspIffiar eed $30.00 to

I AND COOING HIGH 2 
~~~~~~~~~~~ 

l~~
1 105 - 10 SINA RY Sill I WITh I i A • o~.Ssc

tdolwq SNImI: DILl’S, 4 ueqaired• 0500 per 9011105- 12 SINARY SIT~j  [ 2: WIThOUTJ 

~~~~ T,ImM~~ r ~~~~~~ 7P05K $3J0a~~~ ( 1 )

PRICU AND ~~1CIPICATlON$ $U9IPCT TO CHANGE WIThOUT NOTICE
~~~~~~~ 9~~M , I~~ 1030 YLINNPINI STREET , CANTON. MAIl 03021 TEL 4171 5*4000 YWN 710340.0*26 111,5* $34401
c aun gesO sate au~~~. ate .,H.e uSA Ce 5~~~ SF74 SULLITIPd AMAL15105

A-3 2
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DRU Card , D20 Harris H PROM 1-8256-5B (32 x 8)

PA(Y) LA ( Y )  CP CPA3 CPAZ CPAI CPA O

Addr ess B7 B6 B5 B4 B3 B2 BI 50

0 ( 3 2  H H H H H 0

H H H H 1
2 H H H H 2

3 H H H H 3

4 (36)  H H H 4

S 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 1 1

11 (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
28 (60) X 28

29 X 29
30 X 30

31 (63) x 31

H ~ High e Logic One e Programmed
Blank w Low ~ Logic Ze ro • Not Programmed

3-2

- --——--‘-‘- *—- - ~~~~~~~~ - - ‘~~~~~~ - - “--



DCU Card , DZ0 Harr is H PROM 1-8256-SB (32 x 8)

r

PA(Y) LA(Y) CP CPA3 CPAZ CPA I CPAO

Addre ss 57 B6 B5 34 33 B2 Bi BO

0(32 H H H H H 0

H H H H 1

2 H H H H I

3 H H H H 3
‘4 ( 3 6 )  H H H 4

S H H H S

11 H H H H 6

7 H H H H 7
M (40) H H H H 8

H H H H H
10 H H H H 10

11 H H H H 11
12 (4 4 )  H H H H H H J.2

x 13

14 X 14

1 5 H H 15
16 (48) H 16
17 H 17
18 H H H 18
19 H H 19

20 (52)  H H 20
2 1 H H H 21
22 H H 22
23 - H H 23
24 (56)  H H i-I 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 r Prog ramme d
Blank Low v Logic Ze ro € Not Programmed

8-3
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DRU , DCU Card , C 16 Harri s H PROM 1-8256-5B (32 x 8)

P PA( ’i )  L A(Y )  CP 
- 

CPA3 CPA2 C 1”A l CPA O

Add r ess  137 B6 85 B4 83 132 B ! 50
0 X 0

X

I 1-1 H 11 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 1€

17 H H H H 17

18 H H H 18

H H H
20 1-f H H H H 24)

21 H H H H 21

22 , H H H H 22

23 H H H 23
24 H H 24

25 H H
26 H H H H
27 11 H 1-1 27
28 H H H
19 H H H H
30 H H H 3o
31 H H H 31
II ‘~

‘ High • Logic One • Pcogr smm.d
flank C Low ’! Logic Ze-~o a Not Programmed

I



SDF Card , B iS  Signetics 82 5123 (32 x 8)

r DRU Card , 820 , D30 
-

Sync.
01111 WL8P W LIP  ~ilBG 4BG Code

Address 7 87 56 35 34 B3 B2 Bi 50
,LSB( H H

I H
2 H H

~MSB 3 H H
( 4 H H

P T 2~~~~~~~
~ , 7 H H

( 8 H H
P T 3~ 10 H

~t*. 11 H

( 12 H H
PT

4t 
13 H

15 H H H

( 16 H

P T 5 ~ ‘ H
~ . 19 H

( 20 H H
T 6 ~~ 22 H

23 H H
( 24 H H

T 7 ~ 26 H
L 27 H H
( 28 H H
) 29 HP T 8~ 30 H H
L 31 H H H

H • High 1.ogic One • Programmed
Blank • Low • Logic Zero • Not Pr ogrammed

- 
Marked “ K !’
Signetlc . 825 123
B15 on SDF
D30 , 320 on DRIJ

B-S
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PROM Pattern for D9 and D 10 on MI U Cards. H PROM 1-1024-SB

I I  ~~I’ , ..,‘ L  —

~_t , it l I~ j I f  t t . ,~~l~~ t I t -  • ‘ • I I, ,,~ ‘~~~.. .

~~~~~~~~~ I l1- : lc~~i ~i~~ i_~~i. U I  I U  IITt OU. ~i1 )1f 
~~~~~~ 1Ci~~1

I , 1 1 , 1 1 1 - i  , i~i i j t i 7  ‘J • 1’:~ l1 11: 4”~ IlL’ 19
1 ’ ~~:t ~~t 1 1 -- l~ j ü~ i . i ~ i 111 1 1  1 ~~~~~ i o~:i ~: t : ~l • 1 1ii-’ij

-: f~~~~ , ii~~~•~
lJ, 4 ’j~j ,  1~J~ t~ ~l~j I~j~j .  I 11~ i -~~H-’1. 1 ; - l $ ~l i~

lII- 1~ l 1 I I 
1,,

, II ~~~_ L LI ~
l 1 ~~J L U l . j  ~

‘1 I IU l:jiii :~JU. 1 1 1  ~i iL ’ ’ iU ,  @ U i  ~ ~~~~~~~ i,luUU

~~~~~~~~ ~:i1i~O U~l1-ili. 1iOI~3 1 1111-10. 1 l I ’11 l E~I ~‘ i li l i . ~:l~ i~~t C 1

Decim al’ , ~~~~~~ . 1 1-j ljl~j~
-: - l ,  n 1 4

Output I l U a  13100 11~~0 0 . 0 0 :l 1 i U U 0 . W ’~i I ~1 L i 1~ i u ,  10~i0

1~ 1~ 1~~ LlI’1~1 ‘~ 
1.1 

,

Decin’~a1 ~~~~~~~~~~~ fuii ~Ci , 1~~llj 1 ~ J is~ L1 .1~~
;
~~L1 ~~~~~~~~~~~~~~PROM

Address ‘ ‘ ‘ ‘ “ ‘
~~~~

“, .  i i i - ~i~ i : :  .. ::: . ~l H i 1 ’l - : 4  ~‘ 1~ ~~ -
UJ -~ I:1U.11I~ 11 1~ 3C~1. 1. 1~.:i0  ~10~ri ,1liØI;

3 2 1 0 1 l i u i l ’~ ,, .
~ 

w i i i  -i 411 ~~H i t  C~~ ~11i
o~tp ts o i~ i~i~i. I ~ ic~ l3~ lc i~ i . 1~~U i  1~~0 ’ 3 , U 1  IC I  U t U c ~~~i 10it

O L ow~ Program •
~~I i ~1~~l !1- 1  4 1 .  h I :  j~~

1 1 1111  liii 1 ~3 1 111-Ill 111-111 0 1111-lIt ci 
~L 11-j ~ 1- I~J 1:1 j

0,0 ~~~~~~~~ 1~ t a ~I 1- 11--14 ~~ i l I i J J 1  4~~~~~a I_1 1 1 1 ., ~
“ £ 

~ -~~l~ l 1  ~l11 1I3 j1 -j1113 ~1UijI~j  l I tPtO 1 - I )  1 1- 1 ~i I f  ~) 1~ nil
Output s of
D9 PRO?vt , ,~~ii - ’~,i4  .. ‘:~~1ic ~11 4~~~,~~ I l : ’i
~~= Low:Program .ItJ~J. ~l1-llc1 11-iOu . j (~ iU 1 UI_u i1 1 1 1 1 - i  

~~~~ ~~~~ 1 111 1- 1

..:. I~t 1.:11 1 44 , I1c1~ ~~h i ,1ihl~ - .

i l a ’ u1 1 1 1:llo ~~~~~ ieoo iüOO . 11 10  IH1IJ .

I ,~~~‘,I 1 u 1 l~~ 29~~h l 1,11 1 4 5 . U~iii ~- 1  .~~~~.1
I -  1 1 1 , 1  ~ I ~l 1 UtJ C1 1 (iCi(j 1 1-i~’II3 1-ft l 1’

~ I tI  , t31.j 1

4 ,  11111 -f- . n I l  1 ..‘~ 4 F  u~ i I ~; I• . ,~ •

1111111,11110 11lI)I3~~131I~U 1Ul j€ ia00~~1 ILt  l~~, IlU1l3

1 1 , 11111 t ,  I . 1-lij 1 2 4 7 .  0111 n t l I - ~~~~~I

e U 110 1000.11100 1 øOO a 0001 iii 011. 111111

I
B-b

~~~~~~~~
- 

~~~

-

~~~~~~~~~~~~~~~~~~~~~~~~~

“-

~~~~

‘ - -  -
~~  

_ _ _



l1~~ 1-,1b .1 , j 0 j f j  l 1 0 l i .~~1-:UO ~ z 1 - 1 0 . 1~~1U :,1 u 1 I . . CiLi 1 1-1

1:i s , 1 1 , 1~j 1Ø i i O U , O 1 O C I  1 1UO .0 0 U ~ 
H j~ i , Cl Ii 1li

hf .  • U$J2b , 9~~. UU- ~
,
~ I i ’  . :l~ 45

u 1 0 0 . 0 1 1 1 3  1 10 0 . 0 1 0 0  1 100 .0~i 1 ]  l I
~~~ 1l 1 . 1~~ 1Ii

~:3. ILIO.:: 9. H11~~~ ~ 1~~, W~~4~
H i  U0 . o i i  l3 11013. 0 100 1100 .  1001 L~~ 10. 1 ~ I L l

1 U U . L 1 0~ ,9 I
0100 .  1110 1100.  1100 11 ø~~. 1001 :~ i1 ~ io 10

b~~~. ~1I1~~ 8~i. 00Th: I L 1 1  IJO., 1 Ii .

n l C l c l . I i  10 1100. 1100 1100. 100 1 ULI 1 1 • ~~ l’j

i j~~•~ i , 11 lii 1100 ,UL llCl 111J10 . UU J I .l :~~iI . LI 1U

1 U : . .11J4U
a ’~~U U .0 10 1  1100.011 10 U010.0~i00 ~. u 1 1 .~ l11~

7~~• UU2~ :33~ 00._:4 104.  ~~~ 1 121 : 1 111147

U I  hiO . Lioo 1 1100. 0010 0010. 1 s111 II 11111 M a 1 1 1 1 - 3

0i135 1U~~.~iU’~1 1~~~~~ UI .~4?
100. 1001 1 100. 1010 UU1~l. IUUU LHi I .1 . 1 1 1 3

lUt, . U 14 1
11 i3~ 1 . I 001 1100 .  1010 00 10.  lnO hJ -111A ’~i 11 1

‘~~1. 1,t I l  ft l I t 7 ,~~I J . 4 ~
’ 

~~ • .1 Ll ..4 :.:
t ,il~j b l ,1~j lJ 1 l i i 1U.U110  L I0 1 U , t~11UL1 ~~~~ LIUIII

I 00 . L 11300 11 00. It ]  10 h i l l ]  1-_l i L i i  00 : 1 I I . ~~~~ 1

~‘ (  hill .1_i ‘
~~ • bj IJ.:~~. 1 IJ~~ . 11114 .3  . Ill I~~~

0’” . U U 0 U  I uj O. € 11 111 00 10 .  11  W I H j  I LI . I t i l j

a”~~~.Ill.i’JII ‘ -14 , 1 1 1 13 --’ 111.ll IJ’s . -

I101l .lJ01J’l 1100.1110 1-,11110,11i31J I.iIi1I1 , 1 l - 1 1 - t I

1 1 I . L 1 h i4~ 1,.’ i’ .~~III lI

I 11-il l. 1 1300 1100. 1110 0010. 1 1130 10 111 .110110
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1~ 1:M ,U01i0 1010 . 11110 0 110 .0100 0 1 1 0 . 10 0 1

145 . 0 057  I ’ . 1 . 1 1 0~ . - ~
111111.0000 10 10 .1110  0 1 10 . 1 10 0  t t l ~i, 1 0 @ 1

,4- i , t ’0 5 1  14L. . 13057 162 .11116 :: j ‘ .-; ,011711

~ ‘ 1 U .  1000 1010 .1110  0 1 1 0 . 1 1 0 0  Ii lt . ~‘~~0i~

1~~1. IJ051 147, 111157 16~~.UU~.4
101Li~ I ItU0 11110.1110 CII, 10. 0010 II 10.00 110

1.:-:~~. U05..~ i 4~: . 0058 164.01164 1~~U. 111170
i l t i O ,o 1 0 0  11310.13001 0 110 .00 10  1110.11000

I • U1 15.f 14 - ~. @05 w 165.  11064 1 : I . 007 1
1 1 1 10 . 1 1 10 0  1010 .0001  Li 11U.0Cl 10  1110. 1000

4 . u 1j 5~~ 1511.01159 lt,t . . LlU b S
I i 10 .0 1 00  11’ 10. 1 001 0 1 1 0 .  11110 1 i~. 10110

i.f- .01J5.: 151.0059  1~~7 . U 0 6 5
__ 11110 .1100 1010. 100 1 0 110. 1010 I l i O.  100u3

i .~~ . 0053 152 .  130 59 168 . 0066 164 .  007~:
1010,, 100 1010. 1(101 01 10.0110 1110. 1i1~i0

1 ;7 . 1J05 4 15~ : . 0O60  lt.’ 3 . U O t b  1:j - , Ll~ i7~ .:
1 ’:iii . oo io  0 110 .0 000 0 110.0 110  1 1 1 0 . 0 1 1 1 0

1:18.00 54 154.UL’ t.’i 170.1113 66 j :~~~, nhi - - ’ .~:

1 111 0.0010 0110 .0000 0118. l1 11 0 11 1 0 . 11011

( 4 3 . 1 1 1 154 j~~I5. 1-j U~ ’ 1 1 1 .0067
11110.001 13  0110 .  1000 11 L 10 . 1110 1 1 1 1,1 . 110(1

1 4 1 1 . t i I t 5~ i 1~~ta . 11Urj l t ’72 . 1111b7 1:::L: . 11U,~.3
1: 110.  1010 Lii 10. 113130 11110 .11 ‘0  ii IL’ . 11 00

1 4 1 . 111355 15 .1111111 1, ’3 .U h’ I I .,:

~- 10. 1010 131 10. 10130 13 11 1 1, 00111 111 0 . 111110

10 10 . 1 0 1 0  O11II.01 130  ‘i 110 .0 I t~i 1 1110 .0010

I4 : . U 0 5~’. 15’~ .0 062 175.0ut.~ 19 1a 1 1 1 ’ i’5
liii II. 0 110 111113.  01 u~0 0 11 ‘3. 00I~i 1 1110 .  1 Ui 0

I
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. 4 1_ i IH ’- ’ -i-

1 10 . 10113 ‘3130 1. 1000 111101. 1110  11101. 1110

k 1 - : .  01175 2 119 . L1C1:::2 ~~~~~~~~ 1111 : , :  .~4 1 . 13133 4
1 1 10 . 1 0 1 0  0 00 1 . 0 10 0  0 0 0 1 .0 0 0 1  l f I U l . 1 1 l 1 1 L 3

.i4 131176 ~10 . L1~33~~ 
‘ - ,:- : ~4 - . ~~~~~

111 u . 01l 0  0 0 0 1 .0 1 0 1 3  1t1111 .OL iOl  111131. 11110

: 11 . 0 1182  2 2 7 . L 10 - : 1
111(1.11 110  001j1 .0 101 13001 .  10 :1  1u0~ . 113 1 11

~ 110. 1110 3111i1. 111311 01101. 1 1101 111 1 1 .  1~

1 -~ hJ i i  1 b i l l  ~ 1111 I 4~ ~~~~~ ~~~‘

1 1 1 1 - 3. 11111 1111111. 11011 0001 .  1WJ 1 iil~~1 ,Iji 11 .1

A . : . 2 1 4 _ Ii’.1~~4 ‘- : l h , bj - iIJ ~~~
111 13 .  1 1 1 1 3  :1101.01 10 1 li L’ 1 . [1000 1 U~~l I . “1

: - t 7 .  IJ H’1t ,

1110 .0001  000 1.0010  1 0 0 1 . Ll I iLlO  H 13 1 .1l1j 11

‘ u 1 1 . 0 1178 :1~
, .0L 184 ~~~~~~ 1 1 U i

1 1 10 . 0 0 0 1  000 1 .01110  1 00 1 . 10 0 1 1  1 1 1 1 1 1 . 1 1 1 0

21 11. 1 1 1 7 3  ~~17 UU :’:15 7 .~L 3 . 1 1 l 3 9 1
1 1 1 1 1 . 1 1 1 0 1  11110 1.  10111 1001.1131W 111111.1110

:112.111379 ~ 1Li. l_Iu:1~~ 5 ~ 34 .  M l1 _q 
~~:M ,  LHJ : 4 :.

1 1 11 3. 1 0 0 1  111101.1(110 111111. 111011 111131 .1,1 1 - 1 1 1

- 2 1 9 . I .: ’U 8t~. ~~~~~~~~~~~~~~~
1 L 11- 1 , 1130 1 0001 .0 110  11101 .0100 ~ 313 1. . 1 111

~‘~~I3, ~i1W[, :..t . . :.~
‘ .

1-111111.11000 I iØOl .0110 10111. 010 11 1 MUl  . ‘1111111

.:~~. ,~~ i I I i ’ 4 ’ ~
1113111.1313130 00131.13 110 10131. 110 13 1 1 1 1  . 111 11 1

~Ia4 , I1l- t

UOl il . 1i00€l 11001. 1110 10(11.111111 1 0 1, 1 .  10111

~~~~~ •: . i3~j~~7 ~~~~~ l~~~1- I~ - l ’ -l :

111101. 10013 u~u)(fl . 1110 11301. 1100 01111.OOI1LI
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Coordinate Converte r Altitude Error Corr e ’hon (C~trd 2)

F30 ~‘Z6 LSR

Inpu t Address  D C B A Q R S 1’

0-27 0 0 0 0 0 0 0 0

2~~-38 0 0 0 0 0 0 C) I

3~~~47 0 0 0 0 0 II 1 0

48-~~~~ 0 0 0 0 0 0 1 1

0 0 0 0 0 1 0 0

6 3 - t 8  0 0 0 0 0 1 0 1

6 8-7 4  0 0 0 0 0 1 1 0

7 5_ 7~ 0 0 0 0 0 1 1 1

80 0 0 0 0 1 0 0 0

81 0 0 0 0 1 0 0 C)

0 0 0 0 1 0 0 0

83 0 0 0 0 1 0 0 0

84 0 0 0 0 1 0 0 1

85 0 0 0 0 1 1) 0 1

86 0 0 0 0 1 0 0 1

87 0 0 0 0 1 0 0 1

88 0 0 0 0 1 0 0 1

89 0 0 0 0 1 0 1 0

90 0 0 0 0 1 0 1 0

9 1 0 0 0 0 1 0 1 0
92 0 0 0 0 1 0 1 0

93 0 0 0 0 1 0 1 1

94 0 0 0 0 1 0 1 1 —

95 0 0 0 0 1 0 1 1

96 0 0 0 0 1 0 1 1
97 0 0 0 0 1 0 1 1

98 0 0 0 (1 1 1 0 0

99 0 0 0 0 1 1 0 0

100 0 0 0 0 1 1 0 0
101 0 0 0 0 1 1 0 1

102 0 0 0 0 1 1 0 1

B- l O
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Coordinate Converte r Altitud e Error Correction (Card 2 ) (Cont )

F30 
_ _ _ _

Input Address D C B A Q R S T

103 0 0 0 0 1 1 0 1

104 0 0 0 0 1 1 0 1

105 0 0 0 0 1 1 1 0

106 0 0 0 0 1 1 1 0

107 0 0 0 C 1 1 1 0

108 0 0 0 0 1 1 1 1

109 0 0 0 0 1 1 1 1

110 0 0 0 0 1 1 1 1

111 0 0 0 0 1 1 1 1

112 0 0 0 1 0 0 0 0

113 0 0 0 1 0 0 0 0

114 0 0 0 1 0 0 0 0

115 0 0 0 1 0 0 0 0

116 0 0 0 1 (1 0 0 1
117 0 0 0 1 0 0 0 1
118 0 0 0 1 0 ~

‘) 0 1

119 0 0 0 1 0 0 1 0

120 0 0 0 1 0 0 1 0

121 0 0 0 1 0 0 1 0

122 0 0 0 1 0 0 1 1

123 0 0 0 1 0 0 1 1
124 0 0 0 1 0 0 1 1

125 0 0 0 1 0 1 0 0

126 0 0 0 1 0 1 0 0
12 7 0 0 0 1 0 1 0 0
128 0 0 0 1 0 1 0 1

129 0 0 (1 1 0 I 0 1
130 0 0 0 1 0 1 0 1

131 0 0 0 1 0 1 0 1

132 0 0 0 1 0 1 1 0

133 0 0 0 1 0 1 1 0

B - i l
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((Iair (hnal U’ Converter A lt i tudt ’  Error  Correct ion (Card  ~ ) (Co n t )

F30 F26 LSB

Inpu t Addre ss D C B A Q R S T
134 0 0 0 1 0 1 1 0

135 - 0 0 0 1 0 1 1 1

136 0 0 0 1 0 1 1 1

137 0 0 0 1 1 0 0 0

138 0 0 0 1 1 0 0 0

139 0 0 0 1 1 0 0 0

140 0 0 0 1 1 0 0 1

141 0 0 0 1 1 C) 0 1

142 0 0 0 1 1 0 1 0

143 0 0 0 I 1 0 1 0

144 0 0 0 1 1 0 1 0

145 0 0 0 1 1 0 1 ~
146 0 0 0 1 1 0 1 1

147 0 0 0 1 1 0 1 1

148 0 0 0 1 1 1 0 0

149 0 0 0 1 1 1 0 0

150 0 0 0 1 1 1 0 1

151 0 0 0 1 1 1 0 1

152 0 0 0 1 1 1 0 1

153 0 0 0 1 1 1 1 0

154 0 0 0 1 1 1 1 0

155 0 0 0 1 1 1 1 0

156 0 0 0 I 1 1 1

157 0 0 0 1 0 0 0 0

158 0 0 1 0 0 0 0 0

a 159 0 0 1 0 0 0 0 0

160 0 0 I 3 0 0 0 0

16 1 0 0 1 1) 0 0 0 1
162 0 0 1 0 0 0 0 1

163 0 0 1 0 0 0 1 0

B-12
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Coordinate Converter  Altitude Error  Correction (Card 2) (Cont )

F30 F26 LSB

Input Address D C B A Q R S T
1 64 0 0 1 0 0 0 1 0

165 0 0 1 0 0 0 1 0

166 “0 0 1 0 0 0 1 1

167 0 0 1 0 0 0 1 1

168 0 0 1 0 0 1 0 0

169 0 0 1. 0 0 1 0 0

170 0 0 1 0 0 1 0 1

171 0 0 1 0 0 1 0 1

172 0 0 1 0 0 1 0 1

173 0 0 1 0 0 1 1 0

174 0 0 1 0 0 1 1 0

175 0 0 1 0 0 1 1 1

176 0 0 1 0 0 1 1 1

177 0 0 1 0 1 0 0 0

178 0 0 1 0 1 0 0 0
179 0 0 1 0 1 0 0 1

180 0 0 1 0 1 0 0 1
181 0 0 1 0 1 0 1 0

182 0 0 1 0 1 0 1 0

183 0 0 1 0 1 0 1 0
184 0 0 1 0 1 0 1 1
185 0 0 1 0 1 0 1 1
186 0 0 1 0 1 1 0 0

187 0 0 1 0 1 1 0 0

188 0 0 1 0 1 1 0 1

189 0 0 1 0 1 1 0 1
190 0 0 1 0 1 1 1 0

191 0 0 1 0 1 1 1 0

192 0 0 1 0 1 1 1 1
193 0 0 1 0 1 1 1 1

194 0 0 1 I 0 0 0 0

B- 13



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

F30 F2 6 LSB

Input Address D C B A Q R S T

195 0 0 1 1 11 0 0 0

196 0 0 1 1 0 (1 0 1

197 0 0 1 1 0 0 0 1

198 0 0 1 1 0 0 1 0

199 0 0 1 1 0 0 1 0

200 0 0 1 1 0 0 1 1

201 0 0 1 1 0 0 1 1

202 0 0 1 1 0 1 0 0

203 0 0 1 1 0 1 0 0

204 0 0 1 1 0 1 0 1

205 0 0 1 1 0 1 0 1

206 0 0 1 1 0 1 1 0
207 0 0 1 1 0 1 1 0

208 0 0 1 1 0 1 1 1

209 0 0 1 1 0 1 1 1
2 10 0 0 1 1 1 0 0 0
211 0 0 1 1 1 0 0 0

2 12 0 0 1 1 1 0 0 1
2 13 0 0 1 1 1 0 1 0

214 0 0 1 1 1 0 1 0

215 0 0 1 1 1 0 1 1

216 0 0 1 I 1 0 1 1

21 7 0 0 1 1 1 1 0 0
218  0 0 1 1 1 1 0 0

2 1 9  0 0 1 1 1 1 0 1

220 0 0 1 1 1 I 0 1

221 0 0 1 1 1 1 1 0

222 0 0 1 1 1 1 1 1

~~~~~
. 223 0 0 1 1 1 1 1 1
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• 
Coordinate Converter Altitude Error Correction (Card ) (C ont)

F26 LSB
• F30

Inpu t Address D C B A Q R S T

• 224 0 1 0 0 0 0 0 0

225 0 1 0 0 0 0 0 1

226 0 1 0 0 0 0 0 1

227 0 1 0 0 0 0 1 0

228 0 1 0 0 0 0 1 0

229 0 1 0 0 0 0 1 1
230 0 1 0 0 0 0 1 1

231 0 1 0 0 0 1 0 0

232 0 1 0 0 0 1 0 0

233 0 1 0 0 0 1 0 1

234 0 1 0 0 0 1 0 1

0 1 0 0 0 1 1 0

236 0 1 0 0 0 1 1 0

237 0 1 0 0 0 1 1 1

238 0 1 0 0 1 0 0 0

239 0 1 0 0 1 0 0 1

240 0 1 0 0 1 0 0 1
241 0 1 0 0 1 0 1 0
242 0 1 0 0 1 0 1 0

243 0 1 0 0 1 0 1 1

,~44 0 1 0 0 1 1 0 0

0 1 0 0  1 1 0 0

246 0 1 0 0 1 1 0 1
247 0 1 0 0 1 1 1 0

248 0 1 0 0 1 1 1 0

249 0 1 0 0 1 1 1 1

250 0 1 0 1 0 0 0 0

251 0 1 0 1 0 0 0

B-15



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

F30 FZ6 LSB

Input Address D C B A Q R S I
252 0 1 0 1 0 0 0 1

253  0 1 0 I 0 0 1 (1

254 0 1 0 1 0 0 1 0

255 0 1 0 1 0 0 1 1

3— 16
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DCU Card , Character Generator ROM

[ 5 X 7 CHARACTER FoNT ’ MNsO3~~
J

A FILLED IN” DOT REPRESENTS A L~~ MEMORY OUTPUT

— _________ - ______  ________

8, B7 93 1 I

ASCII A j *~~*~ A3 A4 *5 I *3 A4 A5 *3 *4 A~ *3 *4 A~ *3 *4 A5 *3 *4 A~~ *3 *4 A~,

INPUT 000 100 010 110 001 101 011 i 111

~~~ADDRESS~~ - 
-

___- 4 I
B4 ~~ - H - 

- 
- 

- 
- - t~ - 

_ i i -  It 4 ’ ,  1 II - - H liii JI - - It ‘, 4 j L i~~
*6 *7 *8 ~~~ ~~~~~•L t  i U - ‘U- PU - U’ - - U - U - I  ‘U •t Ji lt U •~fl I I  •‘pt ‘ i ,  -

000

- II , - t -  I t i  - 1IJ ,j L~, ,  II . .1
k a •~ HiS PUSS,, ‘ ‘ U  S 1 - (5 5, , l ( 14)1 5 - - P U  - ISUU

- “5  7 ‘‘5 5 - 5 i t  45, , . - ‘ i t  I_ l U - - - PU’ 51 ,L l  il - UI ~~ 
II H • 11 15

100 ~~~~~9 3 
~jJ r~ L’ ~~~~N FM 

+

A 5 A 7 A5 isU . -i•*- 5555 •~~~ U ) - ’5 • ‘ -

010 Il l.!! I,, i~~~! ~~~ 
~ 
1~ L ~~~ 

____

~~~~~~~~~~~~ 

~~~~~~~~~~ 
t -

’

~i 
‘

~ 
‘~~ 31; ~ ‘ -~~~ ‘ 

~ 1 I ~

_ _  _  

I
_ _ _ _  _ _-

~~ 

- -
~~~~ H~~~

-- --
1

A 5 A, Ag 

~~ :J ’  
~~~~~~~~ J~” - : 

~~~~~~~~~~~ ~~ ~~~
001 i~1 3~-3, JI 

, 

~~~~ ‘ ‘ 3  1

- - - - - -
~~~~~~~~~~~~~~~

• - -
~~ 

.
~~4 . .

~~~~~ 
• .

~~~~~~~~~

A~ *~ ~a’ 5 , 
II 

P H  U I I  P
1~~~

h t , It - ~ S PU , - i II II 44 - II ), )! H II -, t ’ II.

~~

. 

io 

+ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I

• * A ~~A• ~~~~~~~
‘ . ~ 

~~~~~~~ 
_ _ _  

‘~~~~ ‘~~~~ ‘ 

~~

011 ~~~~~~~~~~
I~~~~ .’l IIll I I l l Il ti ul i I II ’I h ‘ J I t t li il l

*5 *7 *~ 5 , ,  
~~~~ ::: ;~11 11~~~ 11 111 . IS~7, ’

111 ~ j 
~~~~~~~~ ~ ~~~~~~~ ~~~~~~

~~~ ~~~~~ ~~~~~ ~~~~~ ~~~~~~~ IN III

l~ OM Till US*$Cfl COOt *4 ~
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DDI Card , B23 Signetic s 82S123 (32 x 8)

Unc ond itiona l Next State

MEIS B ME ISA SATNE CNSS UNSD UNSC UNSB U)J SA

Address B? 36 35 54 33 82 81 BO

0 H H 0

1 H H H H 1

2 H H 2
H H H 3

4 H H H 4

S 1-1 H H H S

6 H H H 6

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

2 5 25

26 26
27 27
28 28

29 29
— 30 3O

31 31

H • High • Logic On. • Programm.d
• Blank • Low • Logic Z.z o * Not Programmed

3—1 8
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DDI Card , B29 Signetics 82S 123 (32 x B)

~~ Conditional Next State
MWG I CNSD CNS C CNS B CN~A

Address  B7 B6 B5 B4 B3 B2 Bi BO

0 H H 0
H H 1
H H 2

3

4 H H 4

S H H 5

6 6

7 -  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 II H H 17

18 H H H H 18

19 19
20 H 20

H H 2 1

22 22

23 2 3
24 24
25 25
26 26

27 27

28 28
29 29
30 30

31 31
H ~ High • Logic One • Programmed
Blank C Low • Logic Zero U Not Programmed

B-19
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SIGNETICS 82S 123 C28 ON MAO CARD

4 3 2 i Yg~ f~~
Address B7 36 35 84 B3 32 81 30

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
S H H H H H H S
6 H H H H H H 6
7 H H H H - H H 7

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 i S
16 16
17 17
18 18

19 19
20 20

2 1 21

22 22
23 23

24 24
25 25

26 26
27 27
28 28
29 29
30 30
31 31

H U High • Logic On. Progra mmed
Bla nk U Low S Logic Z.ro U Not Pro gramm.d

3-20



MAO CODE CONy. PROMS (SIC NETICS 825129)

MAC RAG MAG MAO HAG HAG MAG hA G
ADR 09 D8 ADR 1)9 D8 ADR D9 D8 ADR D9 D8

8421 344 21 8421 8 1421 8421 8421 8~121 844 21

• 000 .. 0~10 .14.. .... 080 H . . .  .... 120 RH..
001 .... ...H 0111 .H .. ...H 081 1... ...H 121 }IH.. ...H
002 .... . .H. 014 2 .H.. ..H. 082 H...  . .H .  122 H R . .  . .H .

• 003 .... . .HH 0143 .rL . ..HH 083 H.. .  ..L1H 123 R H. .  . .Hh
0014 .... .H. .  01414 .H. .  .H . .  0844 H. . .  .H.. 1214 RH. .  .14..
005 .... H... 0145 .H.. H... 085 H... H... 125 HR.. H...
006 .... H..H 0145 .11.. H..H 086 H... H..H 126 RH.. H..H
007 .... H.H. 0147 .1-I.. H.H. 087 1... H.H. 127 H R . .  H.l’t.
ooe .... ~~~~ 0118 .4.. H.HH 088 H... H.HH 128 HR.. !-i.HH
009 .... HR.. 014 9 .14.. HR.. 089 H... RH.. 129 RH.. ill..
010 ...Fi .... 0~0 .14.14 .... 090 H..H .... 130 1414 .14
oii ...H ...H 051 .H.H ...H 091 H..R ...H 131 aH.l-i .• .H
0 12 . ..H ..H .  052 .4-1. 1-I ..H. 092 H . .H  ..H. 132 H H . R  . .H.
013 ...H . .HH 053 .14.11 .HH 093 H. .H ..I-I U 133 HH. -i ..H}i
(
~114 ...H .H.. 0514 .H.H .H. . 0911 H. .H .14.. 1314 HH.~- .14..

0 15 ...Fi H. . .  055 .H.H H. . .  095 H. . H  H . . .  135 HH.H H . . .
ci:- ...pi H..H 056 .H. H H..H 096 H..H H..H 136 1414.14 1-1..F1
017 ...H H.H. 057 .H.H -1.14. 097 H..H H.H. 137 HH.4 H.~~.
01~ ...h H. H}~ 058 .14.11 14.141! 098 Ii . .H 1.1411 138 1i~ .H 14.1414
0 19 ...H HR.. 059 .H.H ft-I.. 099 H..U 1411.. 139 HI-h R H14• •
020 ..H. .... 060 .HH. .... 100 H.H. .... 1140 HI-Ill.
02 1 ..H. ...f 061 .1414. ...H 101 H.H. . . .H 1111 HHH. . . .H
i4~ 2 ..H . ..h. 062 .HH. ..H. 102 14.14. ..H. 1142 HHH. ..H.
023 ..h. ..I*I 063 .1414. ..H11 103 14.14. . .HH 144 3 HHH. ..HH
0214 ..H. .11.. 0b4 .1414. •H.. 1014 14.14. ~~~~ 14414 HHH. .14..
025 ..H. H. . .  065 .1-iH. H. . .  105 14.14. H. . .  144 5 HHH . 14...
026 ..H. 1..H 066 .1414 . H..H 106 14.14. H..H 1146 HHH. H..H
027 ..H. 14. 14. 067 .HH. I i . H .  107 H .H.  14.11. 1 44 7 HHH. U.H.
028 ..ll. U .H 11 068 .1414. H .H 11 108 H.H.  4 .1414 1148 HHH. 14.1414
029 ..H. 414~~ 069 .HH . HR . . 109 14. 14. ‘*1.. 1419 HHH . RH..
030 ..HH .... 070 .141111 .... 110 14.1111 .... 150 HHH H
031 ..H1I ...h C7 1 .141414 ...H 111 H . H H  ...H 151 14141411 . . .H
032 ..HH ..I .  072 .HHII ..H. 112 H.HH ..9. 152 14141111 ..H.
033 ..H H . .dH 073 .HHH ..HH 113 H.HH . .HH 153 HHHH ..HH
0311 ..RH .14..  074 .141141 .14.. 1111 14.1411 .4.. 1511 HHHH .14..
03~ ..Hli H... 075 .144141 H... 115 H.HH 14... 155 14141414 1-1...
036 ..rtII 9..H 076 .141411 H..H 116 H.HH H..H 156 HHHH I- ..t-

• 037 ..HH H.h. 077 .144111 1.14. 117 14.1411 H.H. 157 HHHH H.’i.
038 ..HH 14.1414 078 .HHH 14.411 118 14.1414 H.HH 158 14141414 14.1411
039 ..I4H 1111.. 079 .141414 HR.. 119 H.HH HH.. 159 14141411 1411..

H ~ High • Logic 1 U Pr ogrammed
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MAO ROT AT ION PROMS (SIGNET ICS 82S 131)

HAG MAC MAC MAC MAG HAG MAG MAC
AL14 C 13 C l i  ADR C 1 3 C l i  AD 14 C13 C i i  ADR C13 Cli

6142 1 84421 8442 1 8142 1 8142 1 81421 8142 1 8~42 1
000 .... ,... 0614 .... ..H. 128 ... . .14.. 192 .... .1,14.
001 .... ...H 06~ .... ..RH 129 .... .H.H 193 .... .HHH
002 .... ..u. 06b .... .H.. 1 0 .... .1414. 194 .... H...
003 .... ..HH 067 .... .14.14 1 1 .... .HHH l9~ .... H..H
ØØI4 .... .14.. 06o .... .1414. 1 2 .... H... 9o .... 14.11 .
005 .... .14.4 069 .... .HHH 1 3 .... ~1..H 97 .... 4. 1441
006 . . . . . RH • 070 . . . . H. . . 1 ‘i . . .. H • 14. 9 0 . . . . RH.
007 .... .141114 071 .... H..H 1 ,~~ .... ‘1.1411 29 •...
oOc .... H... 072 .... H .H .  1 o .... HR.. 2u0 .... HI-Il-I.
009 .... H..H 073 .... H.HH 1 ,7 .... HH.H 201 .... HHh’-I
010 .... 14.4. 07i1 .... RH.. I ~ .... HHH. 202 ...H
0 11 .... i .HII 075 .... 1141.9 1 9 .... HHHH ~03 ...H ...H
012 .... HR . .  076 .... 111414. 140 ...H •... 20~ ...H ..h.
013 .... 414.4 077 .... HHHH 1 14 1 . . . H  . . . H  20~ .. . H . .H h
01’1 .... HHH. 07~ ...H .... 114 2 ...H ..H. 20t~ ...H .14..
015 .... IIHHH 079 ...H ...H 1~43 ...H ..HI-! 207 ...H .14. 1-i
016 ...h .... 0~i0 .. .H ..H. 144 4 ...H .11.. 208 ...H .1114.
01
~ 

...h ...H oei . . .H ..HH 114~ ...h .11.14 209 . . .H .I-IFiH
oi~ ...~ . .H. 082 ...H .14.. 114o . ..H .1*1. 210 ...H 11...
019 ...4- . .HH 083 ...H .H.H 144 7 ...H .41414 211 ....
020 ...H .11.. 084 . . .H .1414. 144o ...H H... 212 .... ... F
021 ...H .14.11 08~ ...H .141414 1J49 .... .... 213 .... ..H.
022 ...H .HH. 08u ...H H.. .  150 .... ...H 21i. .... . .Hf - i
023 . . .14 • 141414 087 . . . . . . . . 15 1 . . . . . .14 • 2 1 5 . ... . H •0 2~ . . .14 H... 08o . . . . . . .14 152 . . . . . .RH 216 . . . . .H.n
025 ...H H..H 089 ...H H..H 153 ...H H..H 217 . . .EI  H..H
02, ...H 14.14. 090 ...H 14.11. 1514 ...H 14.14. 21d ...H 14.14.
027 ...4 H.HH 091 ...H H.HH 15~ .0.14 H.HH 219 ...H 11.1-111
02o ...H 1414.. 092 ...H RH.. ‘5o ...H 4111.. 220 ...H FIR..
029 ...14 1114.41 093 . ..H H14 .~4 157 ...H 1414.14 221 ...H 1414.1-I
030 ...~- HHH. 0914 ...H 141111. 158 ...H HHH. 222 . . .H 11144-I.
031 ...H HHHH 095 ...H 14141414 159 ...H HHHH 223 . . .H 1-1141414
032 .... ...H 096 .... . . H H  .... .H.H 224 •... .}i~iH
o~ 3 .. .. ..H. 097 ... . .H.. 161 .... .HH. 225 .,.. H...
0j~ .... ..HH 09~ .... .14.14 162 .... .HHH 226 .... H..H
035 .... .9.. 099 .... .1411. 163 .... H... 227 ....
0~6 .... .11.11 400 .... .111114 164 .... H..H 22o .... 14.911
0j7 .... .4411. 101 .... H... 16~ .... 14. 14. 229 .... 1411..

.141411 102 •... 41 .114 16o .. .. 14.1414 230 .... HH.H
0~j9 .... 14... 103 .... 14. 11. 167 .... 1114.. 2 1 .... HUH.01,0 .... H. .P ’ 1O~ .... H.HH 1~ o ..., HH.H 2 2 .... 14141114
O’l l .... 1.14. 10~ .... HR. . log •... 141414. 2 3 ...H0142 .... 14.1411 lOo .... 1441.11 170 .... HHHH 2 14 ...H ...41
0443 .... RH.. 107 .... 141111. 171 ...H .... 2 ~ ...h ..H.
0414 .... ‘-114.14 lOo ,. .. HHHH 172 ...H ...H 2 b ...H ..HH
0~4~ ..., HHH. 109 ...H .. .. 173 ...H ..H. 2 ...H .11..

•... HIiHH 110 ...H ...H 1714 ...H ..HH 23~ ...H .ii.H
044 7 . ..H .... 111 ...H ..H. 17~ ...H .H.. 239 ...H .1111.
014o ...14 ...H 112 ...H ..Hh 17o ...H .14.14 2140 ...H .141414
0~49 ...h ..H. 11~ ...H .14.. 177 ...H .1414. 241 ...H H...
050 ...h ..HH 11 ...H .14.14 17~ ...H .HHH 244 2
051 ...h .14.. 115 ...H .HH. 179 ...H H... 2443 ....
1)52 ...H .H.tI 1 6 ...i • 1 1414 1~ O .... .... 244 i~ .... ..H.
053 ...h .HH. 117 •..1l H... Idi .... ...H 2~45 .... ..tIH
OSL. ...~ .141111 1l~ .... .... 182 •... ..H. 2146 .... .4..
055 ...II 14... 119 .... ...H 183 .... ..4414 2147 .... .14.14
056 •... ... . 120 .. .. ..H. 1~ as .... .H.. 2140 .... .1414.
057 ...Ii H..H 12 1 ...li rl . .H 1o5 •..H U. .H 214 9 ...H H . .R
050 ...H H.H. 122 ...H 14.11. 18o ...H 14.14. 250 ...H 14.14.
0~ 9 ...H H.dH 123 ...H 14.4111 187 ...H 14.1414 251 ...N 11.911
OoO ...H HR.. 12~ •..H 1114.. 18o ...H HH.. 252 ...H HR..
061 . ..fi  HH.H 12~ ...H HH . PI 189 ...H 1411.14 253 ...H 1114.14
062 ...H 141441. 12o •. .H hUll . 190 ...H 441411. 2514 •..14 141444.
(‘63 ...H HHHH 127 ...H 11111411 191 ...H 1114118 255 ...H 1111148

H ~ High • Logic 1 • Prog ra mm.d
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MAC ROTAT iON PROMS (Continued)

MAC MAC MAC M AC MAC HA G MA C H A G
A~ R C 13 C l i  ADR C 13 C l i  AD H C 13 C l i  ADR C 13 C I I

64421 8~42i  8142 1 81121 81121 81421 81421 6L42 1

256 .... 14... 320 .... 14.14. 384 .... RH.. 1148  141414.
257 .... H..I1 321 .... 14.1114 385 .... 1411 .14 1149  HHH H
258 .... 14.14. 322 .... 111-I.. 386 .... 144111. 145 0 ...H
259 .... 14.1114 323 .... HH.H ~i7 .... HHHH 1451 ...H ...H
260 .... 4tH.. 3211 .... 141114. 88 ...H .... 452 ...H ..lI.
261 .... H H .H 32~ .... HHHH 89 ...H ...H 1453 ...H ..Iill
262 .... HHH. 32o ...H .... 90 ...H ..H. 1454 ...H .14..
263 .... HH HH 327 . . .fl  ...H 91 - .. .H ..HH 145~ • . .H .14.11
2’,4 ...Ii .... 32~ ...H ..H. 92 ...H .11.. ~4 5o ...H .1414.
265 ...h ...H 329 ...H ..HH 93 ...H .H.H 457 •..H .141111
266 ...I4 ..H. 330 ...H .11.. 914 ..,H .1114. ~4 58 ...H 1...
267 ...H ..P14 ~~1 ...‘I .14.9 9~ ...H .141141 t4~ 9 . 
26o ...H .H.. ~~2 ...H .141-I. go ...H H... 1100 ....
269 ...H .14.14 333 ...H .141114 97 .... .... 1161  ..H.
270 .. .H .111-1. 33~ ...H H... 90 .... .. .H 1162  ..HH
271 ...h .141441 335 .... .... 399 .... ..1i. 1163 • 272 ...Ii H .. .  336 .... ...K 1100 .... . . I I H  46 1.4  .11.11
273 •... •... 337 •... ..H. 1401 .... .14.. 1465  .144- 1.
27~4 .... ...H 335 .... . .HH 4402 .... .14. 1 1466  .1*114
275 . . . . . .11. 339 . . . . . H. • 403 . . . . . 4-114 • 1467 . • .  H . •
276 .... ..HH 3140 .... .14.14 440~ .... .141114 l46o  H..h
277 .... .11.. 31.4 1 .... .1444. 14 05 .... H... 1169  -1.11.
27<3 .... .14.4 342 •... .1-11414 4106 .... H..H 1470  11.1114
279 . . . . . 1411. 314 3 . . . . H. . . 1407 . . . . H • H • 147 1 . . .  -114.28-0 .... .111414 3414 .... H..H 1408 .... 14.1144 44 72  HH. FI
281 ...H H..H j 14~ ...H H..H 1109 ...H H . .H 1473 ...H H..4-I
282 ...H n.H. 14~ ...H H .H .  1110 ...H 41. 14. 147q ...H 14.14.
283 ...H 14 .HH 447 ...H 14.149 14 11 ...H 14.4111 14 75 • . . H  H.H H
2~4 .. .H 1414.. 4d ...I1 1111.. 412 ...H 1414.. 4476 ...H 1114..
285 .. .H HH.H 149 ...H 144.14 1413 ...H 1111.14 4477 ..H liH.U
286 . . .H HHH. 350 ...H 411111. 44i14 ...H 141-114. 1478 ...H 144-114.
287 ...H HHHH 351 ...H 1414414 415 ...H 4*11441 1479 •..4i 141-11414
2’~~ .... H. .lJ  352 .... 11.1441 1416 .... 1411.11 ~480  14141114
289 .... 14.14. 353 .... HH.. 1417 .... HHH. 148 1 ...H
2q0 .... i4.hIl j5ii .... 1414.14 l41o .... 141*111 1452 ...H ...H
291 .... 114.. 355 .... 144114. 4 19 ...H .... 1483 . ..H ..H .
?92 .... HH .Fi 356 .... HH HH 420 ...H ...H 14 811 .. .H  . .H H
293 .... 41111. 357 ...H .... 421 ...H ..rl. 48~ ...H .11..
29~ .... ~*4HH 35o ...H ...H 1422 ...H ..HH 145~ ...H .1-1.14
295 ...H .... ~~9 . . .H . .H.  1423 . . .H  .H . .  14 87 ...H .1414.
296 ...h ...1 jo o ...H ..l*f 4424 ...H .14.11 148o . . .H .4*114
297 ...h ..h. 361 ...H .4.. 1425 ...H .1414. 1489 ...H H .. .
29o ...4 . .HH 362 ...H .4-1.13 1426 ...H .HHH 1490
~99 ...H .9.. 63 ...H .1411. 1427 ...H H. ..  149 1  . . .H
~C0 ...4 .H .H 614 ...H .41411 428 .... .... 492  ..H.
~01 ...H .1414. 6~ ...H 14... 1429 .... ...~~! 4493 • . .IIH
302 .. .H .141-il-I 6o .... .... 1130 .... ..H. 1.4 9*1  .4..
303 ...h Ii... 67 .... •..H 431 ... . ..HH 1.s95 •~~~~~ .h.&~
•014 .. .. .... 6o .... ..H. L4~ 2 .... .44.. 149k  .rt H .
30~ .... ...H 69 .... . .HH 1l~ 3 •... .14.11 1497  .Hl-*~i

..H. 70 •... .14.. 43*4 .... .1414. 149o  H...
307 .... . .R H 371 .... .H.H 1435 .... .HHH 1499 • H..H
308 .... .14.. 372 .... .1114. 436 .... H... 500  14.11.
j 09 .... .11.14 ~73 .... .141111 4~7 .... H . .H 501  44 . 1414
~i0 •... .1414. 37’4 .... H... I4j o ... . 9.41. 502 • RH..3 11 .... .111411 37~ .... H..H 1.139 .... 14.1411 503  411.14
312 .... h... 7o .... 41.14. 14 *4 0 .... HH.. 504  141441.

• ~l3 .. .M H . . 4 4  77 ...H H. .H 44 1 ...H H. .H 5O~ ...H H ..14
jl ’. ...H 14.-li. 7~ ... 1( 11.11. S4 2*2 ...H 11.14. 500 ...H 14.11.

1? ...i1 11.1114 79 ...H H .HH 14 14 3 ...14 H.HH 507 ...H H.Ii H
lo ...H Ill-I.. ~O ...H IIH. . 1414’~ ...14 1441.. 50o ...H HR. .
i~ ...H 1414.11 81 ...H 1444.11 141~ •..H 1414.11 509 ...H 1114.14
1~ • . .H  HUH. 22 ...H 81*11. ~~~ ...H HUH. 510 ...H HUH.
19 ...H HHHH o3 ...H IIHHH 1I~47 ...H HHHH 511 ...H 11141414



MAC ROTATIO N PR OMS (Continued)

~A G MAC MAO ?~AG MAC HA G MAC MA C
ADA C114 C 12 ADA C 14 C 12 ADR C 14 C 12 AD A C 144 C 12

842 1 84421 8421 842 1 842 1 81421 8142 1 .~112 1
000 •..Ii .... 072 .... ...H 1144 .... 11.1441 216 ...1-i .4.14
001 ...1I ...H 073 .... •.H. i14~ .... RH . .  2 1~ ...f1 41..H
002 ...H ..1-1. 07’e .... . .HH 11th .... 1141.13 21 -. ...H 41.14.
003 ...H ..Ht 075 .... .11.. 1441 .... HHH. 219 . . .14 11.1111
0011 ...H .11.. 076 .... .H.H ~~ .... 11114414 220 ...H 1414..
005 ...l’l .H.H 077 .... .4111. 49 ...11 .... 221 .. .H 1441.14
oo6 ...H .414. 073 .... .444441 50 ...l1 ...H 222 ...H 1*111.
007 ...H .131411 079 .... H.. .  151 ...1I ..H . 223 ...H H HHH
008 ...H H.. .  080 .... H. .H 52 ...I3 ..HH 22 14 . . .H .141114
009 .... .... 081 .... H.H . 53 ...H H. .H 225 ...4 H. . .
010 ... . ...H 082 .... 14.111-1 514 ...H 14.11. 226
011 .... ..H. 083 .... 4111.. 55 ...H H.HH 227 •... ...H
012 .... ..HI-3 0814 .... 1111.14 56 ...11 *1.. 223 .... ..14.
013 .... .9.. 085 .... 141444. 57 ...H 1414.14 229 .... -, ..HH
0114 .... .14 . 14 086 .... HHHH 58 ...H 141414. 230 ....
015 .... .1311. 087 ...11 .... 59 ...H 14111411 231 .... .11.14
016 .... .HI1H 088 ...H ...H 60 ...H .4.14 232 .... .941.
017 .... 4... 089 ...H H..H i61 .. .H .1114. 233 .... .111414
01<3 .... ~i..H 090 ...4 41.14. 162 ...H .HI-IH ~~ .... H .. .
019 •... 9.14. 091 ...rI H.HH 163 .e.H H.. .  235 ... . H ..Fi
020 .... 3.4414 092 ...H 1114.. 16*1 .... .... 236 .... 14.14.
021 •... HI-i.. 093 ...H 4443 . 14 165 .... ...H 237 .... H.HH
022 .... 1*1.9 09~ ...H 144411. Io6 .... ..H. 23~i .... RH..
C23 .... 141-144. 095 • . .H 44111111 167 .... .01111 2~59 .... 914 .14
0214 .... HHHH 096 ...H . . I H  i6o .... .41 .. 2’0 .... 1-11-3M.
025 ...H H..H 097 ...H .14.. 169 .... .H.H 2141 ~~~~ 1414411
026 ...H 14.14. 09o ...H .14.11 170 .... .111-3. 2 142 . . .H
327 ...H 14 . 1414 099 ...H .141-1. 171 .... .HHH 2~43 ...H . . .H
02~ ...H -114.. 100 ...H .H 1iH 172 .... 4... 214 4 ...H ..h.
029 ...H 4*14.9 101 ...I-I I-i... 173 ... . H..H 245 ...H ..HH
030 ...H 141411. 102 .... .... 17*1 .... 4-1.4-I. 214 6 ...H ~~~~03 1 ...h 11111414 103 .... ...Ii 175 .... 11.1411 2147 ...H .14.1-I
032 ...H ...H 104 .... ..H. 176 .... ~3H.. 21I~i ...H .44-i.
033 •..H ..h. 105 .... ..lIH 177 .... 1444 .11 214 9 ...nl h..ri
0~ 14 ...H ..4-IH 106 ... . .14.. 178 .... 114114. 250 ...H 14.14.
0~5 ...H .44.. 107 .... .H.H 179 .... HHHH 251 ..~ H 41.1444
0~6 ...I-f .14.11 100 .... .1414. loO ...R ... . 252 ...F1 4*1..
037 .•.H .4I!1. 109 .... .HHH 181 ...H ...H 253 ...H 1414.11
03<3 ... H .14*4 4-3 110 .... H. .. 182 ...H ..H. 25~ .. .H 11111-I.
039 ...ri H... 111 .... H..H 163 ...H ..HH 25~ ...H HHH~. . . . . . . . 1 1 2 . . . . 14.9 • 1 8’. . . .44 • H . • 25o . . .14 H. .
0’4 1 .... ...H 11 3 .... 14.14* -i 185 ...H H..}l 257
0142 .... ..H. 1i~ .... 1414.. 186 •..H 14.14. 25o ... . ...H
014 3 .... . .HH i1~ .... 1144.11 187 ...H 4.1114 2~~ .... ..i-l.
014 4 .... .14.. 110 ,... HHII. 188 ...H HH.. 2o0 .... ..HH

.41.9 11~ ... . HHHI4 1d9 ...H 11H.H 261 .... .14..
014 b ... . .HH. lb ...H .... 190 ...H 111114. 262 .... .14.14
0147 .... .411414 119 •..H ...H 191 ...H 11141411 2~ 3 .... .14*-I.

14... 20 .. .H ..H. 192 ...H .1411. 2011 •... .141111
049 .... H..H 121 ...H 11..H 193 ...H .141111 26~ .... 11...
050 .... 1.44 . 122 ...h 11.14. 19~ ...1f H... 26o ....
053 .... I1.HH 123 .. .H 44.1311 i9~ .... .... 267 •... H.H.
052 .... H .. 12’. ...H 1414.. 19o .... ...H 26o .... H.HR
053 .... 414.13 I2~ ...H HH.H 197 .... ..H. 269 .... HR . .
0514 •... 41111. 12o ...H 111141. 19o .... ..11H 270 .... 1111.1-iocs .... ‘1444114 127 ...4l 111*111 199 .... .1-L. 2i1 ... . zfHH.
05t.~ ...H .... 12o ...H .44.. 200 .... .14.11 272 .... 411144-I
057 ...H H..H 129 ...H .11.14 201 .... .1111. 2r3 ...h
0514 ...4 11.11. 1 0 ...H .1114. 202 .... .HHH 2714 ...H ...H
059 ...h H.H14 1 1 ...H .141114 203 .... 1-I... 2(~ ...H ..H.
oGo ...H 1-ifi.. 1 2 ...H H... 2O~ .... H..H 27o ...H ..HH
061 ...H tlH.H 1 3 ... . •... 20~ .... 14.1-I. 277 ...U .14..
O~2 ...H 14111-i. 1 ‘i .... ...H 20o .... 43 .1414 2714 ...4-i .11.14
0o3 ...H 11141114 1 ~ .... ..H. 207 .... RH.. 219 ...H .1411.
064 ...H ..H. 1 b .... ..HH 20o .... 1113.14 2oo ...I( .HHH
06~ ...H ..Hh 1 7 .... .11.. 209 .... HHH. 281 ...H 11..H
06’~ ...H . t3 . .  1 o .... .14.11 210 .... HHHH 2~2 ...‘4 11.11.
067 ...H .14.14 1 9  .... .4414 . 211 ...H .... 253 . ..H 14.1111
06o ...h .1411. 140 •... .114411 212 ...H ...H 2814 ...R HR..

• 069 ...H .411111 1141 .... 11... 213 ...H ..N. 28~ ...H 814.14
070 ...~i H... 142 .... I3..I4 21~ ...H ..HH 2% ...H 144411.
071 .... .... 1143 .... N.H. 215 ...H .14.. 287 ...H HHHH
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“Disp lay Data Port Program ming ” ( A. J .  Jago dn ik , Jr .  memo #AJJ-2 1)

“Scan C onverter Drawing List” (A. J.  J agodnik , Jr. memo #AJJ -49)
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Classifi cation Unclass i f i ed
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‘—1) l v i  s I O N  Equipment Contract No. D N A O O I - 7 5 C 0050
O p e r a t i o n  ADL
D e p a r t m e n t  ADL Distribution Aa Listed

To J. H. Turner Fil. No. -

From A. J .  J agodnik , J r .  M.mo No. AJ 3 2.1

Sub1ect Disp lay Data Port Programming Date 26 March 1975

Reference:  1. AJJ-17, “Desi gn Plan for the Disp lay Data Interface of the
Liquid Water Content Ana ly zer System~ dated 17 Dec. 1974

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

The Display Data Interface design p lan contains sections entitled
“O peration 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 ori ginally
planned. The programmer should find here  inf ormation needed to write
assembly  language programs fo r the purpose of communicating between the
scan converter colo r disp lays and the ana lyzer (Interdata 7/32 minicomputer).

The f i r s t  section consists of operating instructions for the LWCA
control panel and scan conversion processor . while subseouent sections
discuss addressing conventions and each of the three basic types of data
t ransfers :  Write Disp lay Memory, R ead Display Mamory, and Cursor Data
Entry. Programming exam ples are also included.

Operatio n of the LWCA Scan Converter

Scan converter oper ation is covered in Refere nce 2; the infoirnation
present ed here is intended to serve as a supp lement and covers operation with
the LWCA Control Panel illustrated in Figure 1. Except for the ERASE
l)ISP LAY buttons 1 all of the switches on the control panel also serve as
indicato rs controlled by thei r state and/or the DDI ( Dis play 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
Dig ital Video Integrator has been set to accept data from Mag Tape for disp lay
on the scan converter.

The LWCA TO DISP LA Y controls , when lit 1 indica te that wri te
. t nd/ o r  read da ta t ransfers  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 uni quely dete rmine d from th e status byte
of the Disp lay Data Port which has been assigned device number X’8B’ .

C-z
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Table 1

LWCA to Display Device X’8B’
Scan Cony. ControiB Switche s Indicators Statu s Byte

Memory Control Write Read Write Read
Mode Store Video On/Off On/Off On/Off On/Off 0 1 2 3 4 5 6 7

A All OFF X X Lit Lit x x x I x 1 1 1

A One or X X Dark Lit x x x 1 x 0 1 0
More ON

Not A All OFF Off Off Dark Dark x x ~c 0 x 0 0 1
Off On Dark Lit x x x O x O l l
On Off Lit Dark x x x 0 x 1 0 1
On On Lit Lit x x x 0 x 1 1 1

Not A One or X Off Dark Dark x x x 0 x 0 0 0
More ON On Dark Lit x x x 0 x 0 1 0

X = don ’t care

The scan converter will operate normall y in the following mode
switch positions : FF 1, RH I , CAPP I and B. If the appropriate LWCA TO
DISPLAY indicator is lit , the analyzer can read or write into the di8p lay
memories. En mode switch position A, the necessary conditions for LWCA
operation are set up; these are:
( 1)  Scan converter in RHI mode ,
(2 ) LW CA TO DISPLAY READ indicator forced ON
(3) LWCA TO DISPLA Y WR ITE indicator forced ON if the converter

m emory busi is available (all STORE VIDEO switches OFF).

C-3
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The scan converter ERASE VIDEO buttons used in norma l operation
do not er ase the entire screen; the contour thr eshold legend a rea is left un-
changed. In addition, a mask obscur es from view cert ain areas within the
anc i lla ry data portion of the scree n. These areas contain coded information
.iva ilab le to the an al y zer and neede d by the contouring hardware. The ERASE
DISPLAY but tons on the LWC A CONTROL PANEL not only er ase the entire
disp lay, but al so inhibit the mask oo that the entire screen is available to
disp lay inf ormation from the processor. The mask and the legend are
r estor ed when the operato r actuates the cor responding STORE THRESHOLDS
button on the scan conversion processor.

The cursor can be made to appear in any disp lay by depr essing the
appropriate CURSO R ON/OFF switch ; the on state is indicated by illumination
of the switch . Th e cursor , a blinking sing le point on the disp lay, can be
located anyw here on the screen by means of the CURSOR POSIT iO N trackbal l.
The cursor changes color as a function of its surroundings so as to rem ain
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 disp lay, 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 re appears at the left where it finally
stops about an inch from that edge; however , if the SEND DATA button were
pre ssed with the cursor in such a position, the address would be wrong.

The color/intensity code covered by the cursor , as well as its
coordin ates , can be entered into the ana lyzer by pushing the appropri ate
SEND DATA button. The corresponding cursor must be switched-on for
this  action to be recognized. The SEN D DATA switch will light when de-
pressed 1 if the DDI control logic is in the proper state , and will extinguish
about one-ha lf second after the resulting interrupt haB been serviced by the
ana lyzer.1 Pressing the INI button on the analyzer console should always
turn  of f any SEND DATA indicators which are lit for whatever reason.

Disp lay Conventions

The fo ur disp lay channels, numbered one through four , contain
independent memories. Each memory is organized so that its address
corres ponds 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
combin atio ns a~ listed in that fi gure. (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 Figur e 4-11  of Ref. 2 . )
Note that color 15 has a non-over write property: once thi, code occupies a
point , the only way the co lor code at tha t point can be changed Is by erasure.

1. If any SEND DATA indicator is lit, no cursor will respond to the t ra ckb all.
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• The anci l lary data area has significance only in normal scan
converter  operation; its outline is indicated in Figure 2, while the details
of i ts content s appear in Figure 3. Information necessary for inter-
pre ta t ion  of the radar video data portion of the display (scaling. origin
locatio n, time 1 contour thresholds , and antenna ang le) is obtainable by
reading the f o u r - b i t  code s in the patches indicated. Each of these patches
contains the sam e four-bi t  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 orig in 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 wr itten as color 15 by a normally operating scan converter
(not  through the disp lay data port) within the ancillary data area do not have
the non-overwri te  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 .i 4 -bit word (e. g. , to “mark” a stored video image) except for the 8 x 5
trea under each color patch. Only the characters and color patches are
disp layed; everything else in the ancillary data area is masked. Again, the
ent i re  disp lay 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 par ts :  an Interdata Universal Logic Interface (ULI ) and a
Ray theon-designed Display Data Interface (DIM). The VU responds to
device add ress X’8B’ and contains interrupt and byte/hallword logic controlled
by b its 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: 01-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 log ic 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 exec ution of the 7/32 I/O instruction listed before the comment
unde r each transition, or by a hardware-generated interrupt. Operation of
the DDI control log ic depends on the state of bits 4, 5 and 6 of the command
byte as tabulated at the lower ri ght of Figure 4. Also located there is a
def inition of the status byte, of which bits 3 through 7 are used.

C-5
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Wr i t e  Disp lay Memo!y

Three dis tinct types of write operations which might be usefu l in
v ar i o u s  s i tuat ions a r e  supported in the DDI control log ic. Controlled by
b i t s  4 , 5 and 6 of the command byte (Figure 4), they include:

( 1 )  0 0 0 - Wri te  sing le point or multi p le points the same color. The
f i r s t  wr i t e  instruct ion t ransfers  SA, XAM and color code , while succeeding
pairs  of instructions t ransfer  (XA, YA). The notation used here is exp lained
in  Figure 1; and the relationship to the Interdata bit numbers can be determined
from Table Z .~ This type of t ransfer might be useful where many points of the
sam e color are  to be plotted and it is not convenient to re-write SA~ Xp,~~ and
the color code for each point. An example is listed in Table 2. After the
ini t ia l  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) 0 0 1 - Write  sing le 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 SA, X&j~ and color.

(3) 0 1 0 - Write multiple points , fuliwo rd boundaries. This sequence
operate s as the one described above, except that after the YA transfer, the
next instruct ion t ransfe rs  nothing (see Figure 4 , state W4), while the one
following it t ransfers  another number for SA, X~~4, and color. This type of
operation is int ended for sequentially writing fr om fullwor d tables wher e each
ful lword contains SA, ~~~~~ COLORS XA and 

~ A for one point.

The Scan Converter, although it has an independent memory for each
disp lay, 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 disp lay data port and the wr i fo  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 oper ation is disabled, sta tus bit 5 is zero .  Befo ie
a write oper ation , it is good practice to ch eck status to determine th at bit 5 is
one, although nothing will  happen if a write is attempted , because the oper ation
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
dis play data port is not available.

2. See pa ge 13 for tab le .
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R d D ~ J)lay 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
(a l l  STORE VIDEO switches off ; status bit 7 = 1), then a normal read, which

• o p e r a t es  in  much  the same way as the write disp lay memory transfer des-
cribed in the preceding section, can be exe cuted. Otherwise , the process
mu s t  be a slow read which involves an i~i t e r rupt service routine. Both
t vp c s  of read operations are  inhibited if the read indicator is not lit (status
bit 6 = 0, see Table 1).

Read Display Memory - - Normal

An examp le of this type of data t r ans fe r  appears in Table 2. First,
t~~~~ 

5tatus  is sensed to ensure that the memory buss is available , the r ead
in d i c a t o r  is on , an d that no cursor data entry is in progress . Next, the
~) r t ) ; )e r  command byte i s output to device X ’8B’ and 5A’ XAM , XA and ~ A
.trc t r an s f e r r e d  jus t  as for  the wri te  operation. At th is point, a delay of at
It  ~~~ t s ix  u sec ;  ( for  example, four BTCR 0, 0 (0200) instructions ) must  be
~ x ecu t c d  so that the hardware  is sure  to have the required data ready.
Lesser  delays mi gh t work but have not been tried. Next, a read instruction
:s executed; the 4 - b i t  color code appears in the four least significant bi ts  of
th e second operand. Finally, a command byte can be output to leave the
control  log ic in sta te I.

Read Display Memo!y -- Slow

if , in the preceding section, status bit 7 had been found to be zero,
then a slow-read ope ration must be used. An example is found in Table 2.
Steps 0 through 6 are the same as fo r 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 mi l l i secon ds  and ends when the DDI has obtained data. Other processing
~an be executed during this wait interval. When the interrupt occurs , a
~ irn ple interrupt service routine consisting of steps 8 through 10 of the
exam ple in Table 2 com pletes the operation. ~

Details on i n t e r r u p t  processing can be found in Interdata Documents:

Mode l 7/ 32 Reference Manua l, Pub . No. 29 - 399R02, Section 2 .4
32-Bit Series “ “ Pub . No. 29 - 365R0 1, Chapter 7.
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Cursor Data Entry

As does the slow-read operation , the cu rsor da ta 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
i i ~t er r u p t  is generated unti l after all required data has been obtained. The
. ur s o r  data entry requires that the DDI control logic be in state l and that
the ULI has interrupts enabled; hence , step 0 of the exam ple in Table 2.
The remainder  of this example is an interrupt service routine which checks
the statu s to see that the interrupt was caused by a cursor data entry,
outputs a command byte to disarm further interrupts, then transfers SC,
XCM, X~ and Y~ to the second operand locations of the three read in-
st ructions. Finall y, the control logic is return ed to state I , interrupts are
again enabled , and the ori gina l progr am status word is restored.

Programming Examples

T h e  SCP LT subrout ine listed in Table 3 was used in the Liquid
W a t e r  Content disp’ay subrout ine to take care of getting the ninth bit of X
in th e rig ht p lace and to execute the necessary 10 instructions for writing
one point. The inputs  were  left in reg is ters  and the subroutine was called
using  BAL F , SCPLT . Because no other data transfer modes were be ing
used in this app lication, the command byte was programmed to always leave
the UU with interrupts disarmed. SCPL T is called many times during the
main pr ogram ; it always leaves the control logic in state I . But in orde r to
ensu re that the very f i r s t  point i8 plotted, the following instructions should
he executed before SCPLT is called for the fir st  time:

LHI B , X’88’
OC B, DDICM DZ

Thus forcing the control log ic to state I.

Another way to structure SCPL T would put what is now line 72
(i’db le 3) after line 58, thus SCP LT would not leave the control logic in

~ut C  I , but would forc e it there f i rs t  each time it is called. A third method
would involve forcing the control logic to state I only once, then not using
.Ln~ OC instructions at all in SCPLT itself. This method is the sim plest
and fastest, but depends on nothing disturbing the control log ic between ca lls
of SCPL .T , where it would be left in state RW I (Fi gure 4).

C-8
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Table 4 l ists  a program to copy one disp lay to anoth er. It wasw r i t t e n  direct l y in machine language as a diagnostic to test the hardware,which i t  does very  well since it accesses all disp lay memory locations andexercises the read circuitry in the source display and the writ e circuitry
iii the output display. A good test of the hardware would consist of the
fol lowing :

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

Put Q = 0 0 0 0 and P = 0 0 1 0 into the program and run.
Displays I and 2 should now be identical.

3) P u t Q o O z o a n d P o o 4 o i n t o th e pro gra m afld rufl .
Disp lays 1 , 2 and 3 should now be identical.

4) Put Q 0 0 4 0 and P = 0 0 6 0 into the program and run.
All  disp lays should be identical.

5) Erase disp lay I.

6) Put Q 0 0 6 0 and P - 0 0 0 0 into the program and run. Alldis plays should again be identical.

Table 4 is shown set up for a normal read; to exercise the slow
read, follow the dir ections 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 rea d mode. If the full 16 milliseconds dela y wer e
incu rred at every point in the slow read mode, the program would re quire
ove r 2 1 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 byred .(hng one point from the source display, writ ing that data into the sam eaddress in the output disp lay , incrementin g by one to the next Y address , thenrepeating . 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 s low read mode. The average
delay is onl y about 67 microseconds because of the way in which the copy -program scan interacts with the display raster-scan.

• _ _ _ _ _ _ _ _ _

A . . Waadn~~Advan~edP~ 1ectronic TechniquesAJJ/ ILd Wayland Box M9, x2736

cc: K. M. Clover (AFCR L ,, Sudb ury) (3)
L. Perry (EAT)
R. B. Marshall cW , C. Anderson -9
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(X , Y) 1 0 � X ~~~~ 319;  0 ’Y ’ 24 ?

(0 , 0) ______________________________________ ( 319, 0) Represented by 8-bit codes:
(X, 8) -~ Display coord. - XA, 

~
‘
A

Cursor coord. - X
c~ ~c

Represented b y 1-bit code :
Radar Video 1Ancillary

(254 , Y)—”1 Display coord. - XA.M
Dis play Area 1D~ta Area Cursor coord. - X

c~~

~X l79~_1~ (The most significant
bit of X)

(249, Y)—. Represented by i-bit  coded:
(0, 247) (319, 247) Display select - SA

Cur sor select - S~
(Selects one of the four- -
channels ; 00 display #1,

- 
01=disp lay #2, etc. )

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
ii 6 2 3 Pink
13 7 2 0 Orange
14 7 1 0 Red-Orange
15 7 0 0 Red (Can’t be overwritten)

Figur e 2. Display Addressing and Color Code
Conventions for Each of the Tour Channels

I_  
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TLBLE 4. Progrsm to oo~~ one dieplaLy to a~oth.r .

6000 C8LO L~I .L,Q source displays 1 2 5 4
• 2 

_ _  
Q. ; 0000 0020 0040 0060

4 08B0 U31 B ,P output displays 1 2 3 4
6 

_ _ _  
P , 0 0 0 0 0020 0040 0060

8 0880 LIII 8,8B device cod.. in r.g. 8.
A 008B
C C890 LIII 9,C8 ~ nd byte for reed in reg. 9.
~ 00c8

6010 C850 I~ I 5, C2 ~nd byte for write in reg. 5.
2 0002
4 24D0 L~~ D ,0 zero rsg. D.
6 24E0 LI~ ~ ,0 “

8 9g89 OCR 8,9 output cmd byte for read.
£ 9A8A t~Dkt 8,A write
C 9.A8D WDk( 8,D “

~ 9A8~ ~1DR 8,E “

6020 0200 B’2CR O,Q delay (l J o - o~ )
2 0200 BTCR 9,0
4 0200 BTCR 0,0
6 0200 BTCR 0,0
8 9B8C RD~ 8,C read. data into r•g. C.
A C4CO NIII C ,? mask .1]. but the 4 lab of reg. C.
C 000F
II 9E85 OCR 8,5 output ~~d byt. for write.

6030 OACB Alt C ,B get th. output display code In reg. C.
2 9A8C ~DR 8,0 write SA,Z~~ ,Color
4 9A81) ~~R 8,D “
6 9A8b~ WDR 8,E “

8 26V £18 E ,1 inerement Yj by 1.
A C9~0 CIII II ,P8 compare TA with 248
C 00F8
II 4320 BNP 6018 if Y~~4 248, go to 6018,

6040 4000
2 601 8
4 2601 A ~S D ,1 increment X I by 1.
6 24E0 LI~ E ,0 zero 

~A.
8 C9DO CIII D ,100 compare X1 with 256.
A 0100
C 4210 13N 6018 if X ( 256 , go to 6018,
£ 4000

6050 6016
2 4330 BNE 60(~ if XA~~ 256, go to 6064.

• 4 4000
6 6064
8 C9DO CIII D, 15F compare XA with 319.
A Q 13~
C 4320 BNP 6018 if ~~~ 319, go to 6018.
£ 4000

— 606.0 6018

(oont inu.d )
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TABLE 4 (Continued )

6062 2200 BFBS 0,0 branch ~mo. to self.
4 CAAO £111 £ ,1Q add 16 to reg. A (make IAN-i).
6 0010
8 CABO £111 B ,10 “ “ “ B “
A 0010
C 4300 b 6018 go to 601.8.
S 4000

6070 6018

To do the sane task us ing the slow read. mod., change,

600E 004A mud. byte for slow read , interrupt8 enabled.

6020 2200 BFBS 0,0 branch uno . to self.

and include the following interrupV service routines

6100 2612 AL~J 1 ,2 increment reg. 1, the J oe part of th• P6W,
by one halfword to bypass the 2200 at 6020.

6102 1800 LI’6sta 0 ,0 res tore the P6W

Run with immediate Interrupts enabled, in rsg. set 0. (Fsw-4000 )
In the interrupt service pointer tabi., at D0+2x8B, ~~t the
starting address of the interrupt service routine:

0~16 6100

Note s This program ~~a written dieotl.y in machine language; it ~~s never
assembled by CAL. The assembler notation included here is Incorrect for
C~iL in that all numbers listed are in hex. In CAL , such nusbers mus t be
represented a. I ‘NNITh ’ ør~ ! ‘NNNNNl~N1i’ , except for 0—9.

C-I 8
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O p e r a t i o n  EDL
D e p a r t m e n t  ADL - Way land Distribution CC

To F ile File No. -

From A. J. Jagodnik, Jr. Memo P4o. AJJ-49

Subject SCRM Drawing Liet Date 26 July 1976

Reference: AJJ-26 memo dated 4 June 1976.

The fact that three d ifferent SCRM (Scan Converter Refresh Memory)
system e have been buil t and extensively modified in different ways has led to
som e confusion in the area of the applicability of drawings. The Table
contained herei n is intended to resolve the confusion. It contains all
drawin gs related to the scan converters , ordered by Raytheon drawing
number, and indicates the equipment to which each is applicable. Also
included is information describing the size , type and form of each
drawin g master and whether or not it refe rences other drawings.

A. J agodnik , Jr.
Advanced Electronic Technique s
Way land , Box M9, x5171

AJJ/IId

cc: Ge orge Dennie
K. M. Glover ( 3)
D . L. Keefe
J. C. Weatphal
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APPE NDIX D

SOFTWARE FOR TESTING HA RDWARE

(See also Table 4 of AJJ-Zl , A ppe ndix C)
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DDI CURSOR DATA ENT RY TEST PROGRAM DISPLAY AS FOLLOWS

I 
~~~~ J , I

_
s
-i

Display Cti~~ or Cursor Color Interrupt Count p

Number X Y (Modulo 16)

Location Value
2 0 0 0  C 8 6 0  LHI R6 , X’DD’

2 O O D D
4 C 8 8 0 LHI R8, X’8B’ Device Code for ULI
6 0 0 8 B
8 C 8 9 0 LHI R9 , X’4E ’ Cursor ARM
A 0 0 4 E

C 9 E 8 9 OCR R8, R9 ARM Cursor Interrupt
E 2 4 5 0 LIS R5 , 0 Initialize Interrupt Counter

1 0  2 2 0 0  B * Hang

2 0 2 0 9 E 8 6 OCR R8, R6 Setup ULI for Read
2 2 6 5 1 AIS R5 , 1 Increment Interrupt Count
4 0 2 0 0  NOP

6 9 B 8 A RDR R8, R l O  Input Display, XMSB, Color
S 9 3 8 B  RDR R8, R l l  Input X
A 9 B 8 C RDR R8 , R l2  Input Y
C 9 E 8 9 OCR R8, R9 Reset Interrupt
E C 8 7 0 LHI R7 , X’40 ’ Incremental Code

3 0  0 0 4 0
2 2 4 4 1 U S  R4 , 1 Display Panel (Hex) Device

Cod e
4 9 E 4 7 OCR R4, R7 Setup Hex Display
6 0 , 8 7 A LR El , RA First Word
8 1 0 7 4 SRLS R7 , 4 Position Display and X-M8B
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DD1 CURSOR DATA ENTRY TEST PROGRAM (Continued)

Location Value

a. 2 0 3 A  0 4 7 4  NR R7 , R4 X-MSB OnIy

C 9 4 B B EXBR Ru , R u Excha nge X Bytes
E 0 6 8 7  OR Ru , R7 Add in X-MSB

4 0 0 8 7 A LR R7, RA First Word Again

2 1 0 7 1 SRI-S R7 , 1 Position Display Numbe r
4 C 4 7 0 NHI R7, X’30’ Display Bit s Only
6 0 0 3 0
8 C A 7 0 AHI R7 , X ’ 10’ Make Number 1-4
A 0 0 1 0

C 0 6 B 7 OR Ru , R7 Add to X Value
E C 4 A 0 NHI R I O , X’F’ Color Only

5 0  0 0 0 F

2 0 8 7 5 LR R7 , R 5 Counter

4 C 4 7 0 NHI R7 , X ’F’ Keep Modulo 16
6 0 0 0 F
8 1 1 A 4 SLLS RiO , 4 Position Color

A 0 6 7 A OR R7 , R iO  Now have color and Counter
C 9 4 7 7 EXBR R7 , Ri Exchange bytes for output

E 0 6 C 7 OR R 12 , R7 Add to Y Value

6 0 9 8 4 C WHR R4, R 12 Output Y , Color , Counter

2 9 8 4 B WHR R4, Ri 1 Output Disp lay , X
4 1 8 0 0 LPSWR 0 Exit Interrupt

0 1 E 6 2 0 2 0 DC X ’ZOZO ’ Interrupt Trap Address

Run Program from X’2000 ’ after insuring that the
P8W is X’4000’.
If Not X’4000 ’, perform follow ing :

I N I DATA X’4000’ FN 1
DATA X’ZOOO’ ADD INI RUN 
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