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INTERFEROMETER 14.2 METER DIGITAL DATA LINK

Dwayne R. Schiebel

Introduction

'Thé Digital Data Link consists of two systems: one which
is located in Green Bank and one which is located on Point Mountain
about 32 kilometers from Green Bank. A radio link enables digital
data to be transmitted and received from the remote antenna.
The DDP 116 can then read the received data or send data to

the remote antenna.

Programming

To initiate a data transfer the link will interrupt the
DDP 116 on interrupt line 14 (interrupt location 45)., This
interrupt should occur ten times a second. When the link receives
data from the remote antenna the computer will be interrupted.
Should the radio link drop out the computer will still receive
a interrupt, but it will'not be able to input data. When the
DDP 116 receives the interrupt it has a maximum of 90 ms to
output a commanded position and read thirteen words of data
from the 14.2 m telescope.
INA 1017 Inputs up to thirteen data words received from
the remote antenna. See Table I for format.
OTA 117 Outputs telescope commanded position. See Table
V for format.
SKS 17 Skip if DDP 116 can input data.

SKS 117 Skip if DDP 116 can output data.



‘ejep ﬁoom S9AT2091 Buulju®k djowdax JT ¢ =3
6°% :00:0 = @
§°0€:00:0 = D
T°6T:10:0 = 4
ooowm =V
AR 6€ ASTl X X X X X X S [ [ [ ] [} [ [ [ Teuuey) JoTeuy 3ISB] €1
*paudysse 30U S3ITG q ®leQ LI 319 9T (43
o170 ) UoT3ITSOd 25180 Td Tt
o170 oT°0| o270 | 0770 o8°0| oT | oZ | o7 | o8 | oOT | o0Z | o0% | 08 | o00T | ,00Z | c00% [ ¢ U0T3TS04 38IBO) 2V 01
*AI 9TqEBL 23§ T2ueg [0I3U0) 6
*III °Tqel 23S snie3g pug Iuoig 8
[ [ ] [ ¢ L
11 STEVL 23S SSE¥AAV XNN ¢ ¢ ¢ ¢ ¢ 9
*VIVA qIXATdILION
¢ ¢ ¢ ¢ ¢ S
S €%6°% , a 2 ) UOTIBASTH Y
S G8EY6°Y — .09 | € v ¢ pa3edTpul 3
S €%6°Y a ) ¢ yInurzy z
s S8EV6"Y — .09t | 4 v ¢ pa3eTpuUI T
uorantosay 23uey 9T | ST | #T | €T | 2T | TI o1 6 8 L 9 S Y € [4 T uot3IvuUNg paop

w Z°4T woij e®leQ JBWIO] ITg

I d319VL




TABLE II
Multiplexed A/D Data from 14.2 m
Computer Mux Function Range Resolution
Word Address
e

5 0 Barometric Pressure 572.0 - 699.5 0.5 MB
5 1 Dew Point -64.0 - 63.5 0.5° C
5 2 Site Temperature -64.0 - 63.5 0.5° C
5 3 Wind Speed 0 - 127.5 0.5 MPH
5 4 Wind Direction 0 - 510 2°
6 0 AZ Current -64.0 - 63.5 0.5 A
6 1 AZ Error -640.0 - 635.0 5 seconds
6 2 AZ Tach -25.6 = 25.4 0.2°/min
6 3 Focus 0 - 73.95] 0.29 cm
6 4 Trailer Temperature -64.0 - 63.5 0.5° C
7 0 EL Current -64.0 - 63.5 0.5 A
7 1 EL Error -640.0 - 635.0 5 seconds
7 2 EL Tach -25.6 - 25.4 0.2°/min
7 3 Slow Analog Ch. 1 Tsvy 39 mV
7 4 Slow Analog Ch. 2 tTsv 39 mV

TABLE III

Bit Format Front End Control from 14.2 m

Bit Function

1 100 kHz Lock.

2 1347.4 MHz Lock.




TABLE IV

Bit Format Control Panel from 14.2 m

Word Function
1 Servo System OK Light: 0 = 0 K.
2 AZ CW Limit Light: O = In Limit.
3 AZ CCW Limit Light.
4 EL Up Limit Light.
5 EL Down Limit Light.
6 Stow Pin In Light: 0 = Pin In.
7 Stow Pin Out Light: O = Pin Out.
8 EL Axis Aligned Light: O = Aligned.
9 Accept Command Light: 0 = Accept.
10 Reject Command Light.
11 Brake Off Light.
12 Brake On Light.
13 Manual Light.
14 Computer Light.
15
16




]
a

6°% :00:00

§°6£:00:00

[l
O

]
[=a]

T1°6T:10:00

009¢

]
<

S £%6°Y a pspueumo) v
S GBEY6°Y — .09 | € T4 €

S €%6°Y a papueuwmo) [4
S G8EY6°Y — ,09¢ | 4 v T
uoTInTosay a8uey 9T ST YT €T| 2T TIT|OT| 6 | 81| L] 9| ¢ uot3younyg paoM

w Z°%T 03 UOIITSOJ PIpuUBWWO) IJBWIO ITIY

A JT4VL




Electronics

The electronics can be divided into two systems. One system
is the "Green Bank" system which sends 128 bits of information
and receives 160 bits of information from the 14.2 m telescope.
The other system is the "14.2 meter" system; it sends 160 bits
of information to Green Bank and receives 128 bits of information.

A block diagram is provided for each system. This diagram
could be used for quick reference to identify a particular card
associated with its input or output data.

In general, the transmit section of each system contains
a long shift register which is loaded with either digital data
or some analog voltage converted-to-digital form. The conversign,
loading and shifting is controlled by the card in slot T. The
receive section is a long shift register and data latch. The
output data from this section will be in either digital or analog
form. The receive section is also controlled by the card in
slot 7.

Most cards in the system need no explanation. 1In the Green
Bank system two busses are used: one to pass data to the DDP
116 (INBxx) and the micro bus which passes the data to the micro-
processor, The 14.2 m system only has the micro bus.

One card worthy of note is the 14.2 m receive card, bits
1-48. This card converts the difference between commanded and
indicated positions to an analog voltage. The list below is
a rough estimate of voltage out for difference in.

Commanded 2.8° > indicated ... +10 V out

Commanded 2.8° < indicated ... -10 V out



For differences less than 2.8° the output
will be about 4.88 mV for each 4.94 seconds
of difference.

The microprocessor card is used to control two front panel
displays which are provided to display data from both the transmit
and receive sections of a system. The desired data display
is selected by a digi-switch. A microprocessor (Motorola 6809)
reads data in the shift registers and displays it in a meaningful
format. The microprocessor card is the only card common to
both systems exéept for the program stored in PROM's.

Microprocessor Program

This program reads the data in the shift registers and
converts it to decimal or hexadecimal data to be displayed in
the displays. Each display has an associated digit-switch to
inform the program which data is requested. (See Table X.)

In addition to displaying data, the program checks four words
of position (indicated at GB and commanded at 14.2 m) for a
most significant bit to be zero. If they are all zero, the
program will set a data OK flip flop. This data 0K, in addition
to a hardware detection of sync enables data to be output from
the 1link to the telescope and front end controls.

A special diagnostic mode can be entered by setting digi-switch
A to 1F. In this mode, display A contains the number of data
errors the program found since this counter was last reset.
A plus sign in this display indicates that the counter has over-
flowed., Digi-switch B controls data that is displayed in display
B and resets the block and error counters. Digi-switch B functions

in the following manner:



Digi-Sw B = 00-0OF Displays last bad data block bits 1-120
in 8 bit chunks.

Digi-Sw B = 10 Resets error and block counters.

Digi-Sw B = 11 Displays receive block count; updates

10 times a second.

The indicated and commanded positions are displayed in
hexadecimal. 1In order to be able to interpret this data, Appendix
B is supplied to convert the two most significant bits to degrees,
minutes, and seconds.

Tables VI and VII contain a card list for each system and
Table VIII and IX are lists of particular bits used by the Green
Bank system to control the front end and the telescope at Monter-
ville.

Appendix A contains data sheets for the A/D and D/A used

in these systems.



TABLE VI

Green Bank System

Slot

Function

Microprocessor card.

Transmit bits M9-128, 4 A/D channels, single bit
data from control panel and front end and TTL data.

Transmit bits 1-48, commanded azimuth and elevation
positions. Also interfaces with the DDP 116.

Transmit/receive control and bi-phase generator and
decoder.

Receive bits 105-160, coarse indicated AZ/EL posi-
tions (in BCD), TTL data from 14.2 m, and one fast
analog channel from 14.2 m.
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TABLE VII

14,2 m System

Slot Function

3 Microprocessor card.

y Transmit bits 105-160, AZ/EL coarse indicated position
(in BCD), TTL data in and fast analog data.

5 Transmit bits 73-104, single bit control data from
front end and control panel.

6 Transmit bits 1-72, indicated AZ/EL positions and
multiplexed analog data (weather and telescope).

7 Transmit/receive control and bi-phase generator and
decoader.

8 Receive bits 81~128, single bit indication of front
end and control panel from Green Bank and TTL data
from Green Bank.

9 Receive bits 49-80, four analog channels,

10 Receive bits 1-48, commanded AZ/EL positions from

DDP 116 at Green Bank.

TABLE VIII

Bit Format Front End Ccntrol to 14.2 m

Bit Function

1 XR-XL IF

2 SR-SL IF

3 XR-SL IF

y Paramps Off
5 Noise Mode
6 X Cal On

7 S Cal On
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TABLE IX

Bit Format Control Panel to 14.2 m

Bit Function
1 Power On
2 Power Off
3 Accept Command
y Reject Command
5 EL Stow Pin Out
6 EL Stow Pin In
7 Brake Off
8 Brake On
9 Computer Control
10 Emergency Stop

11 Pots "Zero Off"

12 Telescope Lights On/0ff
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Memonic List: Green Bank End

Origin
Memonic _Slot Function
AZI 10 Azimuth Motor Current Indication to Control Panel
BL@-BL2 4 Blankiﬁg for Front Panel Display
CPIXX J5 Single Bit Telescope Control Data to 14.2 m
CPXX 9 Single Bit Telescope Data from 14.2 m
DACK J7 From External Device to Reset TTL '"DRDY"
DATA A 9 Rec. Data Out of Shift Register Bits 1-72
DATA B 8 Rec. Data Out of Shift Register Bits 1-104
DATA OK 4 Received Data Checks Good
DATA OUT 6 Serial Data Out Bits 1-128 to Bi-Phase Generator
DATA OUT TO RF 7 Bi-Phase Data Out Bits 1-128
DISPLAY BUS 8 Coarse Display Data to Control Panel
DP@-DP1 4 Decimal Point for Front Panel Display
DRDY 8 Tells External Device TTL Data is Ready
DRL 6 Data Ready Indication to 116
DSP 1D 8 Latch Pulse for Control Panel Coarse Display
EAXX 6 Enable A Bus (Data to 116)
EBXX 4 Enable B Bus (Data to Micro-Processor)
ELI 10 Elevation Motor Current Indication to C.P.
FAST ANALOG 8 Analog Data from 14.2 Updates 10 Times a Second
FEIXX J8 Single Bit Front End Control to 14.2 m
FEXX 9 Single Bit Data, Front End from 14.2 m
FULL 7 Transfers Rec. Data from Shift Register to Latch
HOLD OUTPUT 5 Keeps 116 from Outputting Data while SR is Shifting
HOLD TTL 5 Keeps TTL Data from Changing during Shift
HZ 50 7 50 Hz Square Wave to RF Chassis
INB XX 8,9,10 Received Data to 116
INT 7 Force 116 Interrupt When GB Does Not Receive Data
LATCH SR 7 Latches Data in Shift Register Prior to Transmit
MICRO BUS X 5,6,8,9,10 Data to Micro-Processor
NMI 7 Interrupts 116 when Shift Register Contains Data
ON 5V 7 Enables Received Data to Front End & Control Panel
OTB XX Jl Output Data from 116

Continued --



Memonic

Memonic List:

14

Green Bank End (continued):

PIL 14

REC CLOCK

REC DATA

REC INT

SA7.3 & 7.4
Send Data A
SGC, SGD

SR FULL

SR REC DATA
SR XMIT CLOCK
START CONVERT
TTL DATA

TTL OUT

WIND OUT

WSIX

Origin
Slot

BNC

10

NN NN S,

J7

10

Function

Interrupts 116 when Data is Ready

Clock to Receive Shift Register

Bi-Phase Received Data

Causes 116 to be Interrupted when Data is Ready
Spare Analog Data from 14.2 m

Data Out of Transmit Shift Register Bits 49-128
Sign for Front Panel Display

Opposite Phase of Full

Serial Data from 14.2 m

Transmit Shift Register Clock

Starts A/D Conversion in GB Send Logic

Single Bit TTL Data to 14.2 m

TTL Data from 14.2 m

DC Voltage Indication of Wind Speed at 14.2 m
Wind Speed at 14.2 m in Digital Form




Memonic

A5—, A6-, A7-
ANALOG X.X
AZ POS ERR
AZ RATE

AZ XX
BL@-BL2
CPIXX

CPXX

DACK

DATA B
DATA C
DATA OK
DATA OUT

D DATA
DISPLAY BUS XX
DP@-DP1
DSP LDX
EBXX

EL POS ERR
EL RATE

EL XX

FA 1/2
FEIXX

FEXX

FULL

HOLD

LATCH SR
MICRO BUS X
NMT

ON 5V
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Memonic List: 14.2 meter End

Origin
Slot

J5
J5
10
9
J6
3
J2
8
J1

J1

10
9
J7
9
J4
8
7
4
7
4,5,6,8,9,10
7
7

Function

Analog Return for Multiplexed Analog Data
Analog Voltage for Multiplexed Analog Data
Azimuth Position Error Voltage to Servo
Manual Rate to Move Antenna from GB

Azimuth Indicated Position

Blanking for Front Panel Displays

Single Bit Data from Telescope Control Panel
Single Bit Control Panel Data from GB

Resets TTL Data Ready Condition

Receive Serial Data Bits 1-48

, Receive Serial Data Bits 1-80

Receive Data Checks OK

Transmit Serial Data Bits 1-160

TTL Data In at 14.2 m

Data Bus to Coarse Display in Control Panel
Decimal Point for Front Panel Display

Load Pulse for Coarse Display Data

Enable B Bus (Data to Micro-Processor)
Elevation Position Error Voltage to Servo
Manual Elevation Rate to Move Antenna from GB
Indicated Elevation Position

Fast Analog Data from Green Bank

Single Bit Data from Front End

Single Bit Front End Data from GB

Transfers Data from Rec. Shift Register to Buffer
Hold TTL Data to Load Shift Register

Latches Data in Transmit Shift Register

Data Bus to the Micro-Processor

Interrupts Micro—Proéessor to Take Data

Enables Data to Control Panel and Front End

Continued --



Memonic

RDY

REC DATA

SEND DATA A
SEND DATA B
SGC, SGD

SR REC DATA
SR XMIT CLOCK
START CONV.
TTLXX

XMIT DATA

Memonic List:

16

14.2 meter End (continued):

N 0N NN WG

Function

Indicates TTL Data is Available
Bi-Phase Data from Receiver

Transmit Serial Data Bits 73-160
Transmit Serial Data Bits 105-160

Sign for Front Panel Displays

Serial Data to Rec. Shift Register
Clock for Transmit Shift Register
Starts A/D Conversion Prior to Transmit
Single Bit TTL Data from Green Bank

Bi-Phase Serial Data to Transmitter
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TABLE X

Display Select

* MSB = @ if 14.2 receives good . data.

Digi-
Switch Function Display Format
00 Indicated AZ Position Hexidecimal
1 Indicated EL Position Hexadecimal
2 Barometric Pressure Millibar
3 Dew Point Degrees Centigrade
4 Site Temperature Degrees Centigrade
5 Wind Speed MPH
6 Wind Direction Degrees
7 AZ Current Amps
8 AZ Error Seconds
9 AZ Tach Degrees/Minute
0A Focus CM
Control Room Temperature Degrees Centigrade
C EL Current Amps
EL Error Seconds
E EL Tach Degrees/Minute
OF Slow Analog 1 & 2 from 14.2 m ————————m—v Hexadecimal, SAl = 2 MSD
10 Front-End Status from 14.2 m ———————=—mv Hexadecimal
1 Control Panel Status from 14.2 m ——————- ~ Hexadecimal
2 16 Bit TTL from 14.2 m Hexadecimal#
3 Fast Analog from 14.2 m Hexadecimal
4 Command AZ Pos Hexadecimal
5 Commanded EL Pos Hexadecimal
6 Fast Analog CH 1 & 2 to 14.2 m —====——m- . Hexadecimal
7 AZ/EL Rate to 14.2 m Hexadecimal
8 Control Panel Status at Green Bank —=—== Hexadecimal
19 Front End Status at Green Bank —==——e——- Hexadecimal
A 16 Bit TTL at Green Bank Hexadecimal
B AZ Servo Drive (only valid at 14.2 m) -- Hexadecimal
C EL Servo Drive (only valid at 14.2 m) -- Hexadecimal
D Spare
E Spare
F Special Diagnostic Mode.
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APPENDIX A

(1) Analog Devices Data Sheet, ‘AD570, "Low Cost,

Complete IC, 8-Bit A to D Converter",.

(2) Data Sheet HS DAC80, "Complete 12-Bit D/A

Converter".



19

ANALOG
DEVICES

Low Cost, Complete IC
8-Bit Ato D Converter

FEATURES
Complete A/D Converter with Reference and Clock
Fast Successive Approximation Conversion — 25us
No Missing Codes Over Temperature
0 to +70°C — AD570J
-55°C to +125°C — AD570S
Digital Multiplexing — 3 State Outputs
18 Pin Ceramic DIP
Low Cost Monolithic Construction

PRODUCT DESCRIPTION

The AD5 70 is an 8-bit successive approximation A/D converter
consisting of a DAC, voltage reference, clock, comparator, suc-
cessive approximation register and output buffers — all fabri-
cated on a single chip. No external components are required
to perform a full accuracy 8-bit conversion in 25us.

The AD5 70 incorporates the most advanced integrated cir-
cuit design and processing technology available today. I°L
(integrated injection logic) processing in the fabrication of the
SAR function along with laser trimming of the high stability
SiCr thin film resistor ladder network at the wafer stage (LWT)
and a temperature compensated, subsurface Zener reference
insures full 8-bit accuracy at low cost.

Operating on supplies of +5V and -15V, the AD570 will ac-
cept analog inputs of 0 to +10V unipolar or +5V bipolar,
externally selectable. As the BLANK and CONVERT input is
driven low, the three state outputs will be open and a conver-
sion will commence. Upon completion of the conversion, the
DATA READY line will go low and the data will appear at the
output. Pulling the BLANK and CONVERT input high blanks
the outputs and readies the device for the next conversion.
The AD570 executes a true 8-bit conversion with no missing
codes in approximately 25us.

The ADS570 is available in two versions; the AD570] is spec-
ified for the 0 to 70°C temperature range, the AD570S for
~-55°C to +125°C. Both guarantee full 8-bit accuracy and no
missing codes over their respective temperature ranges and
are packaged in 18-pin hermetically-sealed ceramic DIP’s.

*Covered by Patent No. 3,940,760, other patents pending.

Information furnished by Analog Devices is believed tc be accurate
and reliable. However, no responsibility is assumed by Analog Devices
for its use; nor for any infringements of patents or other rights of third
parties wnich may resuit from 1ts use. No license is granted by implica-
tion or otherwise unger any patent or patent rignts of Analoq Devices.

TEMPERATURE COMPENSATED |
BURIED ZENER REFERENCE
AND DAC CONTROL

PRODUCT HIGHLIGHTS

1. The AD570 is a complete 8-bit A/D converter. No
external components are required to perform a con-
version. Full scale calibration accuracy of +0.8% (2LSB
of 8 bits) is achieved without external trims.

2. The AD570 is a single chip device employing the most
advanced IC processing techmques Thus, the user has at
his disposal a truly precision component with the relia-
bility and low cost inherent in monolithic construction.

3. The AD570 accepts either unipolar (0 to +10V) or
bipolar (-5V to +5V) analog inputs by simply grounding
or opening a single pin.

4. The device offers true 8-bit accuracy and exhibits no

missing codes over its entire operating temperature
range.

5. Operation is guaranteed with -15V and +5V supplies. The
device will also operate with a ~12V supply.

6. The AD570S is also available with full processing to
MIL-STD-883B, Class B. The single chip construction
and functional completeness make the AD570 especially
attractive for high reliability applications.

7. Every AD570 is subjected to long-term stabilization

bakes, given a powered burn-in at +125°C, and tempera-
ture cycled ten times from -65°C to +150°C prior to
final test to insure reliability and long-term stability.

In addition, all units are tested 100% at the extremes of
their respective temperature ranges for all parameters to
guarantee full performance.

Route 1 Industrizl Park; ?.0. 3ox 280; Norwood, Mass. 02062

Tel: 617/329-4730 TWX: 710/394-6577
West Coast Texas

213/595-1733 214/231-5094

Niid-West
S12/:84-32C0
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{typical @ +257C with V+ = +3V, V- = =15V, all voltages measurad with respect to digital common, unless otherwise indicated)

MODEL AD570JD AD570SD/AD570SD-883 B!
RESOLUTION? 8 Bits *
RELATIVE ACCURACY @ 25°C234 +1/2LSB max .

Tmin t© Tmax +1/2LSB max *

FULL SCALE CALIBRATION*:®
(With 1552 Resistor In Series With
Analog Input

+2LSB (typ)

UNIPOLAR OFFSET (max)* +1/2LSB *
BIPOLAR OFFSET (max)* +1/2LSB »
DIFFERENTIAL NONLINEARITY
(Resolution for Which no Missing
Codes are Guaranteed)
+25°C 8 Bits *
TEMPERATURE RANGE 0 to +70°C -55°C to +125°C

TEMPERATURE COEFFICIENTS*
Guaranteed max Change

Tmin t© Tmax

Unipolar Offset
Bipolar Offset

+1LSB (88ppm/°C)
+1LSB (88ppm/°C)

+1LSB (40ppm/°C)
+1LSB (40ppm/°C)

Full Scale Calibration® +2LSB (176ppm/°C) +2LSB (80ppm/°C)
(With 1582 Fixed Resistor or
20082 Trimmer)
POWER SUPPLY REJECTION*
Max Change In Full Scale Calibration
TTL Positive Supply
+4.5VSV+<+5.5V +2LSB max *
Negative Supply
- -16.5V<V-<-13.5V +2L.SB max *
ANALOG INPUT RESISTANCE 3k2 min *
5kS2 typ
7k§2 max
ANALOG INPUT RANGES
(Analog Input to Analog Common)
Unipolar 0 to +10V *
Bipolar ~5V o +5V *
OUTPUT CODING
Unipolar Positive True Binary *
Bipolar Positive True Offset Binary *
LOGIC OUTPUT

Bit Outputs and Data Ready

Output Sink Current 3.2mA min *
(Vour = 0.4V max, Tin t0 Tmax) (2TTL Loads) .
Output Source Current (Bit Outputs)”’
(VourT = 2.4V min, Tpjn to Trax) 0.5mA min *
Output Leakage When Blanked *40uA max *
LOGIC INPUT
Blank and Convert Input
OV, SV+ +40pA max *
Blank — Logic “1” 2.0V min *
Convert — Logic “0” 0.8V max *
CONVERSION TIME 15us min *
25us typ *

40us max




HS DAC80 L

Complete12-Bit D/A Converter

FEATURES

s Low Cost

s 12-Bit Resolution

s Fast-Output Settling

= *1/2 LSB Linearity

= Voltage or Current Output

s TTL and CMOS Compatible
Wide Operating Supply Range

DESCRIPTION

HS DACS80 is a low cost, general purpose 12-bit digital to
analog converter. It consists of matched bipolar switches, a
precision network, a low drift reference and a fast settling
output amplifier (V Model only). The inputs are comple-
mentary-binary coded and can be driven by either TTL or

The on-chip thin film resistor ladder network is actively laser

CMOS logic up to +15 Volt. The input thresholds are stand- trimmed for output linearity error of less than 1/2 LSB.
ard TTL ' Output offset, gain and range scaling resistors are all fac-

tory trimmed for optimum performance.

HS DACB80 comes in two versions, a voltage output model

(HS DACS80-CBI-V) with pin programmable output ranges HS DACS8O is packaged in a proprietary c_eramic/plastic
of £2.5V, 5V, 10V, 0 to +5V and 0 to +10V, and a cur- compound 24-pin DIP. The patented design of this package
rent output model (HS DAC80-CBI-I) with output ranges offers greatly increased sealing surface compared to ‘‘glued
of either £1mA or 0 to -2mA.. on lid"’ type packages; is leakproof, and will withstand all

. . . . usual environmental hazards in its 0 to +70°C operating
Centerpiece of the HS DAC8O is a bipolar monolithic fast temperature range. In addition, no internal wires or com-
settling MDAC. Special buffers are connected to its inputs ponents are in contact with any resins or epoxy, with sub-

for TTL and CMOS input compatibility. A low current, low stantial improvement in reliability as a result.
drift, temperature compensated reference diode acts as

voltage reference for the MDAC, and includes a control

circuit which provides a gain adjustment feature.

FUNCTIONAL DIAGRAMS

BIT1 BIT 12 BIT1 BIT 12
(MSB) (LSB) (mMsB) (LSB)
) o o [} [} o o ) o
1 2] 3 49 5[ 6 7‘P 8[ of 1] 1| 12 1‘? 2| 3] 4] s e(? 7 a? 9? 10? nf 12
CURRENT SWITCHES CURRENT SWITCHES
AND AND
12 BIT RESISTOR-LADDER NETWORK 12 BIT RESISTOR-LADDER NETWORK
L 15
[ L)
L s 5 Q Sk
= |REFERENCE| < = |REFERENCE| Q 5k
CONTROL | $ 63« CONTROL | S 63k A
iza l’za 17 16 (20 $24 23 17 16 18 19
(o] o o () ) o o (] )

HS DAC80 CBI-V HS DAC80 CBI-1



SPECIFICATIONS

[TA= +25°C, rated power supplies unless otherwise noted)

VIODEL HS DAC80-CBI
DIGITAL INPUT
Resolution 12-Bits
Coding Complementary Binary/Offset
Binary
Logic Levels

Logical “*1°* (at +1UA)
Logical “‘0" (at -100A)

ACCURACY

+2V DC min, +15V DC max
0V DC min, +0.8V DC max

Linearity Error

Differential Linearity Error
Gain Error

Offset Error2

Monotonicity Temp. Range
DRIFT4 (0 to +70°C)

/4LSB typ, £1/2LSBT max
/2LSB typ, +3/4LSB max
0.1% typ, +0.3% max
0.05% FSR typ,

0.15% E,SR3 max

to+70 C

-

O+ H I+ I+ I+

Total Bipolar Drift (Includes
Gain, Offset, and Linearity
Drifts) o

Total Error Over O to +70 C5

+25ppm FSR/OC max
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NOTES
Least Significant Bit (LSB).

10V for +5V range, etc.

current output models.

load.

N oo & WN=

supply voltages.

PACKAGE OUTLINE

0.705

M17.907)  (a399) MAX

r’ MAX“" _{

—

Adjustable to zero with external trim potentiometer.
FSR means ‘’Full Scale Range’’ and is 20V for +10V range,

To maintain drift spec internal feedback resistors must be used for

With gain and offset errors adjusted to zero at +25°C.
Maximum with no degradation of specifications with constant

Power supply sensitivity may increase substantially at minimum

DIMENSIONS

Unipolar +0.08% FSR typ, +t0,.15% FSR max ——y
Bipolar +0.06% FSR typ, £0,12% FSR max :
Gain +15ppm/°C typ, +30ppm/°C max
Exclusive of Internal Ref. +10ppm/°C max N N
Unipolar Offset +1ppm FSR/°C typ, . JJ| (3.048) 1,340
+3ppm FSR/°C max o o i (34.036)
Bipolar Offset +7ppm FSR/°C typ, . . M'AX
+15ppm FSR/°C max o N Y
Differential Linearity Error . 4 0.100
0 to +70°C +1, ~7/8 LSB max . A 2540
Linearity Error .13 2 (2.540)
0to +70°C £1/2 LSB max TYP
CONVERSION SPEED/V Models BOTTOM mx 0.020
Settling Time to £0.01% of FSR VIEW (0.254)* (0.508)
For FSR C?Zange
with 10k$2 Feedback Sus typ PIN DIAGRAM
with 5k§2 Feedback 3us typ
For 1LSB Change 1.5us typ PIN FUNCTION
Slew Rate 10V/us min, 18V /s typ T-Wodel V-Miodal
CONVERSION SPEED/I Models ode’s voce’s
Settling Time to +0.01% of FSR 1 Bit 1 (MSB) Bit 1 (MSB)
FC;TOFS'?(%B.-‘E(E 4 300 2 Bit 2 Bit 2
to oa ns typ - -
1k€2 Load 14s typ 3 Bit3 Bit 3
ANALOG OUTPUT/V Models 4 L sit 4
Ranges 2.5V, £5V, £10V, 0 to +5V, 5 Bit5 Bit5
o c Osto +10V 6 Bit 6 Bit 6
utput Current +5mA min 1 f
Output Impedance (DC) 0.0582 typ U Bft 7 Bft 7
Short Circuit Duration Indefinite to Common 8 Bit 8 Bit 8
ANALOG OUTPUT/IModels 9 Bit 9 Bit9
Ranges +1mA, 0 to ~2mA typ 10 Bit 10 Bit 10
Output Impedance - Bipolar 3.2k8 typ 11 Bit 11 Bit 11
8;‘;:’:,};:;28“““ ~Unipolar 63K/ P 12 Bit 12 (LSB) Bit 12 (LSB)
INTERNAL REFERENCE 13 Not Required* Not required*
VOLTAGE +6.3V 14 -15V Supply -15V Supply
Tempco of Drift +10ppm/°C typ, +20ppm/°C max 15 Tout Vout
External-Use Current® +2004A max 16 Ref. Input Ref. Input
POWER SUPPLY SENSITIVITY 17 Bipolar Offset Bipolar Offset
+11 5\\// Supply +0.02% FSR/% Vg max 18 Scaling Network 10V Range
- +
Po‘:E S;“";';’ v REG £0.002% FSR/% Vg max 19 Scaling Network 20V Range
R SUPPLY REQUIREMENTS - 20 N. C. Summing Junction
DAC80 i?\S/VDSCmtl\?p 21 Ground Ground
+16V DC max 22 +15V Supply +15V Supply
Supply Drain 23 Gain Adjust Gain Adjust
+15 (Including 5mA Load) 30mA max 2 63V 63
-15 (Including 5SmA Load)  20mA max 2 3 VRef. Out -3VRef. Out

+5V (Logic Supply)
TEMPERATURE RANGE

Not required

Operating
Storage

0 to +70°C max
-55°C to +85°C

* The Logic Supply terminal is not connected internally.
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APPENDIX B

Table to Convert from 2 MSD Hex Digits

of Display to DD MM SS
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TABLE TO CGNVERT FROM 2MSD HEX DIGITS OF DISPLAY TO DD MM S5

HEX POSTITION

29 320:37:30.00
20 325:15:00.00
2B 331:52:30,00
3 337:30:00.00
)D 243:07:30.00
3E 348:45:00.0C
IF 354:22:20,00
40 360:00:00.00
41 265:37:30.00
371

4z 15%:00.,00
43 376:52:30.,00
44 382:30:00.00
45 388:07:30.00
46 333:45:00.00
47 2993:22:30.00
a 405:00:00.,00
49 410:27:30.00
4A 416:15:006.00
4B ﬂZ!:%9')O.OO

1,
~
—

4C :00.00
4D +20.,00
4k ;00,00
4F £ 30,00
(0 00,06
o 120,00
o

100,00
30,00
1:00.00

+30.00
:00.00
M :;‘. D ‘ 0 0
:00:00.00
500:37:30,00
S06:15:00.,00
S11:52:30.00
517:30:00.,00
523:07:30.,00

Lo

S REa AN NI

[an]

D I N N KSR R A N KO R s D]

5 528:45:00.00
5 534:22:206.00
& 540:06:00.00
5 54%:37:30.,00
5 551 (00,00
5 556:52:320.,00
= 562 go.00

120,00

}f’)":

md TV I G P e 0 T T I D

572:45:00.00
L?i‘ :50.,00

ao.on
’0.08
50,00
J’* JG.OD
bU! 00.00
b13: U7 30.00
618:45:00.,00
B24: 9)"0 a0
630:00:00.00

Lol SN 1 B W B NN o I

O.

SiO
59E -

VT s ) © P e O 0 LT s L

[ane ) SN u“( '\l

ST T O O O O T T 0
*

TN O I L oo



TABLE 70 CONVERT FROM 2ZMSD HEX DIGITS OF DISPLAY TO DD MM S5
HEX POSITION :

71 £35:37:30.00
72 B41:15:00.00
73 646:52:30,00
74 652:30:00.00
75 558:07:30.00
/6 663:45:00.00
77 £69:22:30.00
78 675:00:00.,00
74 680:37:30.00
7A 686:15:00.00
78 £91:52:30,00
7C §97:20:00.00
7D 703:07:30.00
7E 708:45:00.00
7F 714:22:30.00
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+5, 8F Lo
LY 7 33 /196 W2
A 8
T g

3 Py !

e sH2

3 A RM 1)

7 Y7 110 +S

e et

"y 1"

5585+ DISCRETE I
IN A JCPIN Loc.
(P62) Wb 8B
WATCAD 'CL5323 L5123 "} 4’, T | P Lsia3
WE 2 Al /3 3
RIB 2|RB 9 *5 /) Z ¢ 14 R‘Bl—:’g 95
/5] 12 2 —3 £
+S A ‘,.'7 5 cr F [6 72 "4 Toegy 115 _G|c <
woxll® |rsoms L5 i FIT e
2 B : 7]
¥ Mo o7 7 at- B G| | e 7ic/e o
8 UES
$F 13 555+ D/s<. +5 SF ng
R/8 IV /P Loc. /
NMTA |70
Rae _Rlp P ol9 _/wvH
y RESET_| 37/ R A/s5(22 _ AIS (Pea, L) Ls7Y
AMI 77—15 L/p><- 2| VM A3 prq 7A
R17 4| FIR® AR A Ni3
1532 == v s Ll -
3{TRQ A2[20  p/2 (P62,¢) NMIA e T|8
INH Yo| FALT ANl Al (Pe ) R
3¢ MROY A|’8 Ao (Pes,c) Wp_____ "3
33| OMRj8RES AT A9 m
CTsSMPOY 1
SO ey A8l pe [ ] " 29
L 39 AL ATs A7 D1 1L |9 ppi (Ped)s)
¥ sdena s pe po AL L 17 ppa(peass)
e AS|/3 [AS /7 L 13 pss (e
ot CRVESE wlihl “ L_1s pavcpes,
MOUNT ON A3l _[A3 2 /8 AA3 (P63)
WIRE SIDE OF A2l A= k4 /e _AAZ(P62,3,4)
PoARD a3 A0 o] O Ty e
15 Zjvee Aol 8 A2 (Pest) 8] I 12 ARG (P6e3,3,4) Mllsu:
] 8 * D7|2Y_ . D7 (pea
5@)
1 plzs T = 29 187  RIHL—>5v8 7
/0D | x JOR 8lae B2y ¢
DJ‘2_(—1_ D5 - 2
pyl2z o AS 3 1> sS4y )
Ak 1l vss D328 D3 &1R4 B'/——“’ Y2 4
2 §183 B3l/S o ue 2
= D=2 EY Tz
56 22 (Pe 2t 5] 912 B2/t 3 2
D’ 30 ps 8
Dol3! ! DI(P62,5,6) - S1{A1 BI‘_’Z_>3(_ /
o (Peas5,06)
* 20Mf 1oV sonp PP Do ( S ;‘ﬁ: BB 534 O
A |
X /N ww PeM o7 E |34 oBSL R / f” 9<
v 2 WIRES R/wW|32 E (P6G) N
To PIN 7 + R/ (PEC) L5295 = TRANSCEIVEX
PIn | 2| !l __ CSEN DR
3 T5es  (PER) L~ B=A
H-A>8
4
=1 76 o WE (P64,5)
Lsoo

MIcRO [R3OARD GB, /4.2
MIicro PROCESSD R
PRGE ! 0~ G
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ADDRESS BUS (HEX)
D XXX RAM
2 XXX D/6/-SW, STATVS

LS/38 3 XXX MICRO BUS DATA
R2s__ 623 Yol/5 RAMEN (P65,¢) YXAX FRONT PANEL DISP.
CPe 1y CSER sl = " T_ SXKX WATCH Do6G 7/MER

GXXX DARTAR OK FF

4| 7 /3 biaTs®
(P6t) AIs __4]E1 22 Dieisw (Pec) FXXX PROM
8¢ 732 DATAEN (FP63,¢) ——
2 V] DISPLAY (P64,6) AIS-AI2
P&y AM__3|na ysl/e WATCHD (P 1,6)
A/3 (A1 Ye|le ; Lso8
AR___11po %7 2 Bé__ OBSL (P61,&)
RaC
//‘/P/A/ /N /¢ PIN LOC (Pald f[,l/ 7404
As ! o DD @ D & _Sl3E e 8¢ DaTAOK
A1y 2 N L3532 LS7Y
A __ Y] ROMEN (PGS,C)
S A
P61y Al2 __S|
— C o6
(P&c1) CSEN R 9
L5138 I’
R
R2S __@lr> Yo|/S _ DSECO®
S|Ea yi|/¥__ DSEL/
DIGIsw _E Ei ya|/3___ STAT
8E
(P6¢1) AR _32]|A2
AR _Z]A1
ARG __/|po
Lsayo
DsEco /Y 98
EIGISW}? l_]
R RI & /
2 9> r‘Rz I 8 DO (PG , e
2! //\r l ( /6 D) R) R899 +5
> j3sR3 el /4 D2 - — R
2> e LRY__8 ,:[V; /2 D3 ] 5
JELN IS s B2 PE: 3 DY — — ¢B
RG Ve — |
25 9> L D& (PN P 7 es
pserT /9
DIGISOB ! 78 , "
2> jo»LR7_2 /8 Do (PGI) RI4 —{R899 +§
2 >RS84 /e DI -k [
RY & 4 — -3 R3S
2 4 - Y D2, — 2 Ry
3 E e —
i’ =) B Z;; - B I=
< /8 R1z /S| 5 05 (PG 1) RO — R2/
25 gqoI = O
LS240
STAT [/i
= —— /3
S7ATUS 735 —RB 2l /8 DO (PEl) (NOTE STATUS ioT USED
,  gyRA_ 41 L /e D AT THIS TIME)
2 —ris ¢l Vad D2
3 r—R/‘ 8 K /2 D3
Y v N 3 DY
= /5] lFL 5 DS
c 3 C 1z De MicRo BOARD GB, /4.2
7 7l Cle D7 (Pel) GROUP SEL
v DIGI-SW , STATU'S
Ls244 PRGE R OF ¢




CPGI) ARY
ARS

AS AY A3
O o O /sT 8
o (] / QN 8
o) / O 3RD 8
o / /| 4TH 8
/ o o STH 8
/ o ! ¥ 8

(Pe2)

AR3
ARS

AA3
ARHY

AR3
ARY

AR 3
ARS
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gis32 7 ssoy £5/38
&_95_ i—; Yo:f__ass EBT
! nE 84 EF2
e oz | 4E 23 .83 EA3
AR | |cE s /2 .82 ERY
. 74”—58| E-E?
(P61) AR __3IA2 s/ .80 EBRC
AR 2| A1 "2 vy EBY
CPGI) AR® /1A Yz 578 £R8
AA3 _C|E3 YeLIS 77 EBRY
AYE _S|Ea /A Vi Yy (R 4
DATAEN. Y\ ET |3 .75 EB
5F BRI 72 FBl2
Wi 71 ERJ3
AR2 31Aa Ys /°_._.__)70 EBIY
ARI R A i . ¢y EB/s
Apd ___1ipo iz .c8 EBIC
;34933 ARY __elf3 YellS <7 EBDY
2 Zi S)E2 D/ Ui RN XS 7]
Y1 Ei V22 eSS ERR
DATAEN ¢h sl e Bao
YL <3 ERA
AA2 31p2 i Viid 5 & ER22
RAAI __21A) el i</ EBR
ARG !{Ao iz 5 GO ERIH
y LsoB
G R Cles Yo lI5 57 ERA
— SlE2 WHL .58 ERX
AAs | 41 E7 V2l .57 EBa7
semen 1 |sp |25 £Em
vl 55 EBI?
AR2 __3|Aa Ys|lo 54 EB30
RAAI __2m Yel2 853  EB3
ARe___L1As Y7l 7 .52 ERZ2
L3532 gas__e|f3 YelfS &1 FB33
B2 vl 47  FB3Y
_J__‘L Ei Yo ys  EB3S
DATAEN. 4 B2 S y3 EB3¢
Y'/‘{_{)__> 41 EB37
RR2 __2|A2 Ysi2 539 £B38
AR __21A1 Vel 537 ER3I
ARe __'lpo Yi|2____ 335  EBYe
g L3508
,o 8 :k_'_j_ Yel/S L33 ERT
| E2 Y
ARY | Y17 Y2
Al |5¢ s
Yy
RA2 __3|Aa Vs
81 2@ e
Ane __!1Ao Y7
13/38

Micro /50ARD 6GR,/Y.2
INPUT DATR ENARLE
PAGE 3 OF &
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(Pe1) “ ARy LSo2 L5S/38 DisPLaY A
LATCH
C 4 GlE3 Yo | /S 3 o
<] s|lez b2 Ui A ;f ’
Pety we __| 4\ ET a3 se 5
(P6) D:sPLny____l—cﬁ ys|/2_T3A
/N [FA
(P&Y) ARa __32]A2 Yslte L[SA
RAI 21A1 Yel?
(P61) AA® JAY:1S) 7|7
DISPLAY R
ARY __elE3 e /5_______,‘;?";”/
V‘/—E 5 E’E V. L_____;:ZZ /
DISPIAY__4|Ei y: |3 ,23 2
5A B2 3R (P6S)
WwHL_IFTR
ARz ___3|A> YellS (SR C(P6S)
ARI 217 Y|9
RAG /|po Y47
R24
|4 7404
(Pe) Dpo_2lp ¥ ol ’i33)01 I o 129 sy secn
24y
Ls7Y K,,o 248 3308
. ‘/H_ DD} 2|p P9 7 313 ):‘/ 2 o 1/3 525 SGDA
Ba _32lc 3le  <(Pen ‘
P Ls74
I/ 4R
R24 vl 3ls 3R
<.?’3 a
/3
1 7404 jz-w
ppa__2Ip " ol S 3R )& pem 3 P »2¢ DPOA
1574 |70 ) 7904 &GBOS: .
4B oor22lp ¥ gla 71388 7| e 18 . DPIA
oA __3lc  Ple ' “?
'; Ls74
4B
R
172
R22
K-?S l/o
DDO pDI —Rip © 9|9
Ls 7Y
_ A 7409
L5A 1 c < |8 //‘ 38 /0 32 PLIA
[73
R22 7404
Lso8 /3% 38 1’2 30 BLBA
(Pe1) D2 3
” 2 — /‘35 o2 5 95 BLaA
/o[ :
opa _Rip * 9|7 : { 36 pt > 7¢ B2
ISAh L57Y 744
30
75 1< P8
LS8 MICRO ROARD
73 eac DISPLAY COoNTROL

PAGE 4 OF 6
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4 R2 7404
/ 2 ! 14
(Pe) Ppe __R|p ”?5 w >87 Sc<k
, P ml-—R.z] 0w 3300
Yy o) _2lp F 9|9 3 3F‘)3 20, 173 ga S6DB
. pen ¥
3
(Pe4) T3IB < < ?|¢ L1574
/ HE 3(3
L ra nle |8
P
4! R20 7404 BL_Rray
pod_2p " glf S izFpe ¢ .89 pPoR
’-5;7 o[ R2© 404 ¢80
9 poi_t2p P o7 ‘7 8 7L, 18 .90 DPIB
—= 3 =
(PeH) [§ < . ?l6 Lsv4
/LR:?o vE
e 3|8
R
y[—RI9 3L rzo po[— R
oo __2p F oS o0)22]p ¥ ol 9
Ls74 L574
‘e 7404 7e 7404
(Pe¥) I[Eh__3lc ol II/O "¢ 38 /3@:/2 91 BLIP
R R
IL_gny9 r /sl—Rl‘?
> 92 PBLOR
(P61)y OE__295€ (P61) JE _RO3E
(Pe)) WE_2NWE /o) (Pe2) ROMEN _I8CE
(P62) RAMEN __8|¢E /0R
(P61) R9___2AAY Pe1) AJo 9\ Ao
A8 23l08 AY_____2% A9
A7 A7 D7HI_ D7 (PEN J:.] 2378
A 2| pc Dol pe A7 AV &/ p7/7 b7 (PeD)
As 3lps ps|/s__ ps Ac_____ Alpc Defle  be
Ay 41ny D4t py AsS____ 3lps pslis__ps
A3 _Slp3 D3|/3 D3 A4 4| ny Dy D4
A2 2LE pal/l__ pa A3 $1h3 3|2 p3
Al Y 1o b1 Ax AV-E 22/l___pa
(Pel) Ao, 8ra ol ki D6 (P& 1) Al RA LY, Dl __pi
— 8 3
MOSTE K (Pen ”"—u pe ¢pel)
Y118A-4 INTEL
IK X8 RAM 27/6
‘RKX 8 ROM

MICRO [BOARD
DISPLAY / MEMORY
PRGE & OF &
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SIGNAL ANALYZER BOARD PINV

(Pel) A5 DS (PoD A) Z/e
A DM 2/5
Al D/3 Z M

A2 D/ 273

Al DI zZ/2

A0 D/o 21

A D7 Z/0

A8 08 Z9

A7 D7 zZ8

A6 A 27

AS DS Z6

AY DY Ay

A3 D3 zZ4

A Da Z3

Al D/ Z2

(Pet) PO Do Z/
SPARE QTRIG 217

(P&)) RJW paK Z/8
(P&el) E <LK 217
GNMD GND Z20

(P&¢)) D7 D/S (PoD BR) Z36
D& D}Y Z35

DS D/3 Z234

D4 D/ Z33

D3 DN 232

D2 D/o z3)

D/ D7 230

(PG1) DO D8 227
(PGR) RAMEN D7 728
DIGIswW De 227
DATAREN DS zZ2¢
DISPLAY D4 225
WATTHD D3 224
ORSL D2 z223

(P62) ROMEN DI 22
SPARE Do 2]
SPARE | PTRIG Z37

(Pe1y R/W 9 aLx 238
(P61) E LK Z 39
GND SN;ND 2 40

MICRS BOARD
LOGIL ANALYZER
PRGE & OF G
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