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INTERFEROMETER 14.2 METER DIGITAL DATA LINK

Dwayne R. Schiebel

Introduction

The 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 1link 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.



TABLE 1

Bit Format Data from 14,2 m

Word Function 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Range Resolution
1 Indicated ¢ A B 360° — 4,94385 s
2 Azimuth [] [ D 4.943 s
3 Indicated [ A B 360° — 4,94385 s
4 Elevation [} C D 4.943 s
5 ¢ ¢ ¢ [ ¢

MULTIPLEXED DATA.
6 ¢ ¢ ¢ ¢ ¢ MUX ADDRESS SEE TABLE II.
7 ¢ ¢ $ $ ¢
8 Front End Status See Table III.
9 Control Panel See Table IV.
10 Az Coarse Position 6 400° | 200° | 100° | 80° | 40° | 20° | 10° 8° 4° 2° 1° | 0.8°{0.4°{0.2°]0.1° 0.1°
11 El Coarse Position [) 0.1°
12 16 Bit TTL Data E Bits not assigned.
13 | Fast Analog Channel | ¢ | ¢ | ¢ | ¢ | ¢ o L ¢ 1 ¢ s | x| x| x| x| x | x |¥sv 39 MV
A = 360°,
B = 0:01:19.1
C = 0:00:30.5
D = 0:00: 4.9
E = ¢ if remote antenna receives good data.




TABLE II

Multiplexed A/D Data from 14.2 m

Cozz:ger Adg::ss Function Range Resolution
# ;
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 Tsv 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 1V

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: 0 = 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




TABLE V

Bit Format Commanded Position to 14.2 m

Word Function 1 516|789 11011 |12 {13 {14 {15 {16 Range Resolution

1 AZ ) B | 360° — 4.94385 s
2 Commanded ¢ D 4.943 s
3 EL ¢ B | 360° — 4.94385 s
4 Commanded ¢ D 4,943 s

A = 360°

B = 00:01:19.1

C = 00:00:39.5

D = 00:00: 4.9




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 conversion,
loading and shifting is controlled by the card in slot 7. The
receive section is a long shift register and data 1latch. 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 1list 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 except 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 1ink 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-switech B functions

in the following manner:



Digi-Sw B = 00-0F 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 l1list 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

10

Microprocessor card.

Transmit bits 49-128, 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.

Receive bits 73-104, single bit indication front end
and telescope from 14.2 m.

Receive bits 1-72, indicated AZ/EL positions and
multiplexed analog channels (weather and telescope).
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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).

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

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 Control to 14.2 m

Bit Function

1 XR-XL IF

2 SR-SL 1IF

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 OQut
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
AZ1 10 Azimuth Motor Current Indication to Control Panel
BL@-BL2 4 Blanking 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 LD 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
™I 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 List:
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Green Bank End (continued):

Origin
Memonic Slot Function
PIL 14 6 Interrupts 116 when Data is Ready
REC CLOCK 7 Clock to Receive Shift Register
REC DATA BNC Bi-Phase Received Data
REC INT 7 Causes 116 to be Interrupted when Data is Ready
SA7.3 & 7.4 10 Spare Analog Data from 14.2 m
Send Data A 5 Data Out of Transmit Shift Register Bits 49-128
SGC, SGD 4 Sign for Front Panel Display
SR FULL 7 Opposite Phase of Full
SR REC DATA 7 Serial Data from 14.2 m
SR XMIT CLOCK 7 Transmit Shift Register Clock
START CONVERT 7 Starts A/D Conversion in GB Send Logic
TTL DATA J7 Single Bit TTL Data to 14.2 m
TTL OUT 8 TTL Data from 14.2 m
WIND OUT DC Voltage Indication of Wind Speed at 14.2 m
WSIX 10 Wind Speed at 14.2 m in Digital Form




Memonic List:
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14.2 meter End

Origin
Memonic Slot Function
A5~, A6-, A7- J5 Analog Return for Multiplexed Analog Data
ANALOG X.X J5 Analog Voltage for Multiplexed Analog Data
AZ POS ERR 10 Azimuth Position Error Voltage to Servo
AZ RATE 9 Manual Rate to Move Antenna from GB
AZ XX J6 Azimuth Indicated Position
BL@-BL2 3 Blanking for Front Panel Displays
CPIXX J2 Single Bit Data from Telescope Control Panel
CPXX 8 Single Bit Control Panel Data from GB
DACK J1l Resets TTL Data Ready Condition
DATA B Receive Serial Data Bits 1-48
DATA C Receive Serial Data Bits 1-80
DATA OK Receive Data Checks OK
DATA OUT Transmit Serial Data Bits 1-160
D DATA J1 TTL Data In at 14.2 m
DISPLAY BUS XX Data Bus to Coarse Display in Control Panel
DP@-DP1 Decimal Point for Front Panel Display
DSP LDX Load Pulse for Coarse Display Data
EBXX Enable B Bus (Data to Micro-Processor)
EL POS ERR 10 Elevation Position Error Voltage to Servo
EL RATE 9 Manual Elevation Rate to Move Antenna from GB
EL XX J7 Indicated Elevation Position
FA 1/2 9 Fast Analog Data from Green Bank
FEIXX J4 Single Bit Data from Front End
FEXX 8 Single Bit Front End Data from GB
FULL 7 Transfers Data from Rec. Shift Register to Buffer
HOLD 4 Hold TTL Data to Load Shift Register
LATCH SR 7 Latches Data in Transmit Shift Register
MICRO BUS X 4,5,6,8,9,10 Data Bus to the Micro-Processor
NMT 7 Interrupts Micro-Processor to Take Data
ON 5V 7 Enables Data to Control Panel and Front End

Continued --



Memonic List:
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14.2 meter End (continued):

Origin
Memonic Slot Function
RDY 8 Indicates TTL Data is Available
REC DATA BNC Bi-Phase Data from Receiver
SEND DATA A 5 Transmit Serial Data Bits 73-160
SEND DATA B 4 Transmit Serial Data Bits 105-160
SGC, SGD 3 Sign for Front Panel Displays
SR REC DATA 7 Serial Data to Rec. Shift Register
SR XMIT CLOCK 7 Clock for Transmit Shift Register
START CONV. 7 Starts A/D Conversion Prior to Transmit
TTLXX 8 Single Bit TTL Data from Green Bank
XMIT DATA 7 Bi-Phase Serial Data to Transmitter
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TABLE X

Display Select

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 CcM
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 ~————————v Hexadecimal, SAl = 2 MSD
10 Front-End Status from 14.2 m -=—-=—~=-—=- 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 CH1 & 2 to 14.2 m —————=e— 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 ———-—=---- 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.

* MSB = @ if 14.2 receives good data.
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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".
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ANALOG
DEVICES

Low Cost, Complete IC
8 B|t A to 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 AD570 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 AD570 mcorporates the most advanced integrated clr-
cuit design and processing tcchnology 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 AD570 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 to be accurate
and reliable. However, no responsibility 1s assumed by Analog Devices
for its use: nor for any infringements of patents or other rights ot third
parties wnich may resuit from 1ts use. No license is grantea by implica-
ton or otherwise unaer any patent or patent rignts of Anaioqg Devices.

TURE COMPENSA
M(D 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 AD570isa 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 cither 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-tcrm stabilization
bakes, given a powcrcd 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 Industrial Park; P.0. 3ox 280; Norwood, Mass. 02062

Tel: 617/329-4780 TWX: 710/294-6577
West Coast Yiid-West Texas

213/595-1733 212/284.32C0 214/231-5094
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(typical @ 425 C witn V+ = =3V, V- = -15V, all voltages measurad with respect to digital common, unless otherwise indicated)
MODEL AD570)D AD570SD/AD570SD-883 B!
RESOLUTION? 8 Bits *
RELATIVE ACCURACY @ 25°C234 +1/2LSB max .

Tmin t© Tmax +1/2LSB max .
FULL SCALE CALIBRATION*'

(With 1582 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 +1LSB (88ppm/°C) +1LSB (40ppm/°C)
Bipolar Offset +1LSB (88ppm/°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 5VKV+<+5.5V *+2LSB max .
Negative Supply
-16.5V<V-<-13.5V *2LSB max *
ANALOG INPUT RESISTANCE 3kS2 min .
5k typ *
7k§2 max *
ANALOG INPUT RANGES
(Analog Input to Analog Common)
Unipolar 0to +10V
Bipolar -5V to +5V
OUTPUT CODING
Unipolar Positive True Binary »
Bipolar Positive True Offset Binary *
LOGIC OUTPUT
Bit Qutputs and Data Ready
Output Sink Current 3.2mA min »
(VouT = 0.4V max, T t0 Tyay) (2TTL Loads) .
Output Source Current (Bit Outputs)’
(Vourt = 2.4V min, Tpyjn to Trax) 0.5mA min
Output Leakage When Blanked +40puA max
LOGIC INPUT
Blank and Convert Input
O<V;,, SV+ +40uA max *
Blank — Logic “1” 2.0V min *
Convert — Logic ““0” 0.8V max *
CONVERSION TIiME 15us min *
25us typ *

40us max




HS DACS80

FEATURES

s Low Cost

s 12-Bit Resolution

s Fast-Output Settling

s *1/2 LSB Linearity

s Voltage or Current Output

» 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
CMOS logic up to +15 Volt. The input thresholds are stand-
ard TTL.

HS DACS80 comes in two versions, a voltage output model
(HS DACB80-CBI-V) with pin programmable output ranges
of ¥2,5V, 5V, £10V, 0 to +5V and 0 to +10V, and a cur-
rent output model (HS DACS80-CBI-I) with output ranges
of either +1mA or 0 to -2mA.

Centerpiece of the HS DACBS8O0 is a bipolar monolithic fast
settling MDAC. Special buffers are connected to its inputs
for TTL and CMOS input compatibility. A low current, low
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
(MSB) {LsB)

1 2? 3? 4? 5| 6 70 "P Qﬁr 101 N 129

CURRENT SWITCHES
D

AN|
12 BIT RESISTOR-LADDER NETWORK

15

l > b

= |REFERENCE] & i: " =

= 3 =

CONTROL | $ 63k A
‘Lzo 3 17 B |20 18 19
[ o o o o °
HS DACS80 CBI-V

The on-chip thin film resistor ladder network is actively laser
trimmed for output linearity error of less than 1/2 LSB.
Output offset, gain and range scaling resistors are all fac-
tory trimmed for optimum performance.

HS DACBS8O0 is packaged in a proprietary ceramic/plastic
compound 24-pin DIP. The patented design of this package
offers greatly increased sealing surface compared to ‘‘glued
on lid”’ type packages; is leakproof, and will withstand all
usual environmental hazards in its 0 to +70°C operating
temperature range. In addition, no internal wires or com-
ponents are in contact with any resins or epoxy, with sub-
stantial improvement in reliability as a result.

BIT1 BIT 12
(MSB) (Ls8)
o o0 o o o o
1 z? 3] 4f s| 6 7° 8] of 10 n uz?
CURRENT SWITCHES
AND
12 BIT RESISTOR-LADDER NETWORK
L 15
[ O
>
= [ S
= |REFERENCE| <
conTROL | & 63k AN
ch 23 17 16 18 19
o o ) o (]

HS DAC80 CBI-I



22

SPECIFICATIONS NOTES
i 1. Least Significant Bit (LSB).
(TA = +25°C, rated power supplies unless otherwise noted) g 'I:\tsig:stable to zero with external trim potentiometer.
. means ‘“‘Full Scale Range” and is 20V for +10V range,
MODEL HS DACB0-CBI 10V for t5V range, etc.
DIGITAL INPUT 4. To maintain drift spec internal feedback resistors must be used for
Tuti 12-Bit current output models.
g:sd?nl; ton C?)m;ﬂsementary Binary /Offset 5. With gain and offset errors adjusted to zero at +25°C.
Binary 6. Maximum with no degradation of specifications with constant
Logic Levels load. igie . . -
Logical *“1” (at +1A) +2V DC min, +15V DC max 7. Power supply sensitivity may increase substantially at minimum

Logical 0 {at -100uA) supply voltages.
ACCURACY

Linearity Error

0V DC min, +0.8V DC max

PACKAGE OUTLINE
+1/4LSB typ, +1/2LSBT max 0.705

Differential Linearity Error +1/2LSB typ, +3/4LSB max —e 0.255
Gain Error. £0.1% typ, +0.3% max (17.907) ¢ 477) MAX o
Offset Error2 +0.05% FSR tvp r_ MAX—"’ r o, 8
+0.15% FSR max DIMENSIONS . 2 b
Monotonicity Temp. Range 0to+70°C inches S ;2( ¢
o =
DRIFT4 (0 10 +70 C) _f {mm) .94
Total Bipolar Drift {Includes O
Gain, Offset, and Linearity o PIN 1 DOT 017
Drifts) +25ppm FSR/ C max 7 Y
Total Error Over O to +70°C5 ™ | {432) TYP
Unipolar +0.08% F SR typ, +0.15% FSR max
Bipolar $0.06% FSR typ, +0.12% FSR max
Gain +15ppm/°C typ, +30ppm/°C max
Exclusive of Internal Ref. +10ppm/°C max .
Unipolar Offset +1ppm FSR/°C typ, (3.048) 1
+3ppm FSR/°C max —'ﬂo-(:“ 036)
Bipolar Offset +7ppm FSR/°C typ, . AX
+15ppm FSR/°C max T M
Differential Linearity Error
0 to +70°C +1,-7/8 LSB max 0,100
Linearity Error (2.540)
0 to +70°C +1/2 LSB max
CONVERSION SPEED/V Models BOTTOM 0,010 N 0.020
Settling Time to £0.01% of FSR VIEW (0.254)* (0.508)
For FSR C}\fnge
with 10k$Z Feedback Suis typ
with 5k§2 Feedback 3us typ PIN DIAGRAM
For 1LSB Change 1.5us typ PIN FUNCTION
Slew Rate 10V/us min, 18V /s typ
CONVERSION SPEED/I Models I-Models V-Models
Settling Time to +0.01% of FSR 1 Bit 1 (MSB) Bit 1 (MSB)
For FSR Change 2 Bit 2 Bit 2
10 to 10052 Load 300ns typ 3 - -
1k§2 Load 1us typ Bit 3 Bit 3
ANALOG OUTPUT/V Models 4 Bit4 Bit4
Ranges +2.5V, 5V, +10V, 0 to +5V, 5 Bit 5 Bit 5
c 0 to +10V 6 Bit 6 Bit6
Output Current +5mA min " "
Output Impedance (DC) 0.0582typ L Bf' 7 Bit 7
Short Circuit Duration Indefinite to Common 8 Bit 8 B8it 8
ANALOG OUTPUT/IModels 9 Bit 9 Bit 9
Ranges +1mA, 0 to ~-2mA typ 10 Bit 10 Bit 10
Output Impedance - Bipolar ggtg typ 1 Bit 11 Bit 11
Output Impedance - Unipolar K typ - -
Compliance +2.5V 12 Bit 12 (LS.B) 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 Iout Vout
External-Use Current® +2004A max 16 Ref. Input Ref. Input
POWER SUPPLY SENSITIVITY 17 Bipolar Offset Bipolar Offset
+15V Supply +0.02% FSR/% Vg max 18 Scaling Network 10V
-15V Supply 0.002% FSR/% Vg max 3 sw;n: S o ';::::
POWER SUPPLY REQUIREMENTS? 20 N.C Summing Juncti
. G mon
DAC80 +8V DC min
+15V DC typ 21 Ground Ground
Supply Drain +16V DC max 22 +15V Supply +15V Supply
+15 (Including 5mA Load)  30mA max 23 Gain Adjust Gain Adjust
-15 (Including 5mA Load)  20mA max 24 6.3 VRef. Out 6.3VRef. Out
+5V (Logic Supply) Not required

TEMPERATURE RANGE

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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INVERT rRIM

SITION

N

30.00
00,006
30,00
a0.0c6
26,00
0e. a0
ag.an
00,00
30,400
0o.,00
20,00
on.or
20.90
ou.oc
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E0a0
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43,00
A . i'i _{'!

i

g, ag
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TABLE TO CGONVERT FROM 2MSD HEX DIGITS OF DISPLAY TO DD MM S5
HEX POSITION
29 320:37:30.00
3N 326:15:00.00
2B 331:52:30.00
3C 337:30:00.00
5D 243:07:30.00
3E 348:45:00.00
3F 354:22:20.00
40 360:00:00.00
41 265:37:30.00
je 371:15:00.00C
43 376:52:30.00
44 332:30:00.00
45 388:07:20.00
46 333:45:00.00
47 299:22:30.00
48 405:00:00.00
49 410:27:30.00
4A 416:15:06.00
4B 421:52:30.00
4C 427:30:00.00
4D 4332:07:20.00
4& 43%:45:00.006
4F 444:22:30,00
50 450:00:00.00
! 455:37:30.00

52 467:15:00.0¢
%3 466:52:30.00
54 472:30:00.00
35 473:07:30.00
56 4832:45:00.00
57 439:;22:30.00
58 4395:00:00.00
39 530:37:30.00
S5A 506:15:00.00
5 511:52:30.00
5C 517:30:00.00
5D 523:07:30.00
S5E 528:45:00.00

SE 534:22:30.00
0 540:00:00.00
| 545:37:30.00
2 551:15:00.00
3 556:52:30.00
4 562:36:00.00
AE 563:07:30.00
&b 572:45:00.00
b7 5739:22:30.00
68 585:00:00.00
54 530:37:20.00
6A 596:15:.0.00
5B 601':52:30.00
6C 66G7:30:00.00
5D 613:07:30.00
GE 618:45:00.00
oF K24:22:30.060
70 630:00:00.00
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TABLLE 10 CONVERT FROM 2MSD HEX DIGITS 0OF DISPLAY TO DD MM SS
HEX POSITION
71 635:37:30.00
72 £41:15:00.00
3 546:52:30.00
74 652:30:00.00
75 558:07:30.00
76 663:45:00.00
77 669:22:30.0N0
73 675:00:00.00
79 680:37:20.00
7R 686:15:00.00
7B £91:52:30.00
7C 697:30:00.0¢0
7D 703:07:30.00
7E 708:45:00.00
7F 714:22:30.00



CoONTROL

PRNEL TSP
FRONT END T8>

FAST

ANALOG
AZ/EL /
MANVAL TTL
RATE DATA
Je J7

DDPIIL
PiL/ A<k
ADB DDPIC
oTR RRL
JI T3

SLoT §

[oenD BITS 49- /28

SEND RBITS I-48

A
JDATA BUS CONTROL™

WY

SLOoT &

—

MO ¢

M DATA DBUS >

MICRO PROCESSOR

<Y

1<

ENANRLE

d

INPUT DATA

RI-PHASE OUT

SERIAL DATA

N
7

<
<

CoOnNTROL

SLeTY
|
y “ >
WP I : l N
REc RI1TS Jos-]60O REC RITS 73- )04 REC RBITS I~7&
sLoT /@ SLOT 9 sSLoT 8
¥ X v y Y
v \'’s v
ve PR J8 Is J3 FAsST T7 TG
CONTROL SLo:J FRONT CONTROL DDPIIC ANARLOG TTL
PANEL ANALOG END PANE L INR DRTA PANEL
METERS

Rz/EL
DISPLAY

XMIT/REC CONTROL| @
—‘—@

SLOT 7

P)-PURCSE IN

GREEN RANKXK
DIGITAL LINK
RLock DIRGRAM

Lz



ANALOG DATA,

WERTHER
INDICATED  ZNDICATED TTL CONTROL FRONT IND. IND. ANTENNA
A2 EL DATA PANEL END Az EL Focus
Jé J7 T J2 T4 7¢ 77 Js
conTROL PANEL l
DSP. 73 «——e{SEND BITS /05-/CO SEND BITS 73- /oY SEND BITS /-72
FasT I8 > siory SLoTs SLoT6
ANALO & T
\' 4 <
- v
l \
M DATA PUS CoNTROL™ / Bi-PHASE
“—| MICRO PROCESSOR XMIT/REC CoNTROL — N
L DATA RUS— a
> R - PHASE
«—SLOT 3 StoT 7 —<—Q /v
I
A l
REC. BITS |-48 REC BITS 49-80 REcC TS 8)1-/28
Af <
SLOT /0 SLOT9 SLOT 8
Je JT7 J§ J! J4d T2
2
Q:R?}? A2 EL  FAST 'an riL TTL FRONT CONTROL /4. aM
INDICATED ANALOG DATR END PANEL DIGITAL LINK

PesiTION RLoCK D/IRGRAM
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15 8F L3o¥
LY p 3 / { Y6 ): 2
/6 8
1 (™
2 a 4
7l st
el L AMIN
7 eyt o] *°
..l 8 1:_0' q -L
L} LA
5585+ DISCRETE _.r
IN A JCPIN Loc.
(P62) Wb 8B
WATAD :'CLS”B | Lsias — T s L® Ls123
A 13 3
WE 2 rig2js 2 S 11! [l LA o5
] CF s 1% Cl2 Ris__aB .
+s_ A ‘:'7 “l c/r < 7 2 "o, Toey IS _Clc
1eok | 3 /50Ms -I’*'_Ef —/:* nE 1 ]3__ 60;'9? )2
] = . T —
uat ad 3 qu S "-3::. T\c/e .
8 J__ 3 HR
$F : l §55+ Drs<. +s S5 _n
RI8 IN /6P Loc. R/8
NHTA 1o
Rac _1RIp P ol9 wu
y RESET_| 37IR A/sr-'i AIS (Pea,l) Ls7Y
M 7 RIPAG 2| MM AM(32_ pry 7A
1553 R17 Y| FiR9 A2 A L
3|7k A2 p/2 (P& 2,¢) wATA !l |8
INH Jo| ZALT AN AN (PeC) R
3¢| MRDY AL|’8_nro (Pes,t) Wp____]3
33\ OMR/BRES AT A9 e
MPO —
CTs : 4R wae asle pe R Ls2v4
wide] i 39| x7AL ATYS AT DI_U 70:*( ?_bDI (Pe4,S)
ACl/Y_Ae Do /3 7_ DDA (Pea¥,s)
K| - )
: Avl/2 _[-AY s ; S__AAY (P63,Y)
MOUNT ON A3 [R3 2| | /8 _AA3 (P63
WIRE SIDE OF palso A2 41 C £ _PAZ(P63,3,4)
A6ARD Al Aeese) o] L 4 _pAI R
45 7] vee AQ 8 rﬁﬁ(’&&() 8 /2 ARG (P(,JIB"/) Mi e
slel* D74 o D7 (Pe2,5,6) 9 / RS
] pef2s T A7 BRI —>vs 7
L pyla =28 7las B 4y s
T i ]vss pajzs 5, elRe BN 54, ¥
4 pal2? T A3 B3|/ _ L yo 2
) Y Ery L P2 st i3g 2
Da‘l'sTL—D’( 62,5,0) 3las 8117 3¢ /
* 20Mf 1V e Do (PedS&) alp, 28 o
neesogp PP BbsL P p| Ew 3
X /N ww Pem £ 3¢ = o 9c
Ruv 2 WIRES R/W22 E (P66) —4
T PIv 7 #+ R/ (PGL) L5295 = TRANSCEIVEX
PN | | 2\ 7D ! __CSEN DR
wikg
2 7£ 37302 (P&R) L~ B*A
Lso60 H-A>8
” 8
OE 4
Tw (PGS) S| 76 oo WE (PC4,5)
LSOO

MICRO JRDARD GB, /4.2
Micro ProcESSO R
PRG6E ] 07 G
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RADDRESS RBUS (HEX)
@ XXX RAM
2 XXX DI6/-5w, STATVS
3 XXX MICRO BUS DATA
YXRX FRONT PANEL DISP.
SXXRX WATCH Doe T/MER
GXXX DATA OK Fr

Ls/38
Ra5__&le3 Yo|/S RAMEN (Pes5,C)
(P« 1) C3EN __S|Ea VAVZ
(PG1) AI5 Y\ ET 28 Dieisw (Pecl)
8¢ np2 DATAEN (Fé3,¢)
il DISPIAY (P64, 6)
pe1y Ar__3lpa ysjie WATTHD (P61,6)
A3 21A1 Ye
AR /1A0 Hl7

AIs 1

19PIN IV 1€ PIN LO<

Ls2o

(Peld)

D@

Ay __2 ¢ 4 L3532
Al ——}@)@- ROMEN (PG S,.)
Pe1y Al

(Pc1Y CSEN
L5138
R2S ___GlE3 Yo|/5 __ DSECO
S\E2 yi|/¥__ DSEL ¢
DiGTsw ,_%E"I ya|/3___ STAT
8€
(P61) AR _3|A2
AR _21A1
ARY _LiRo
Ls240
DsEco /7 98
ﬁlélswﬁ /
P LI Y /8 Do (PGI)
2! /> R 41 4 /6 D)
= s3yRs el 22 D2
2> s> LRY 84\;; 2 b3
24 e CRS_ /7 o |3 DY
25 yerRe g s D5 (PN
psETT_ 1?2
DIGTSoB jn 78
. R7 2 /8 ® (PC!)
& oI El___ & KL E——
PSS ul B Ke D1
2* Cm 3 14 D2
PLENS R 8] ] o3
2 ;8 RN 1?2 3 DY
2 20 Rz /S s D5 (PG )
L2490
SFar_ 47
/ 75
AR Ll P
;g 4l L 1e D
2 —ris ¢ O 9 02
3 I—R/‘. 8 K /72 D3
Y IR DY
& i < 1= X3
c 2 <@k Dt
. / g 2 D7 (pel)

FXAX  PaoM
M
RIS-A/Q
2 BS_. OBSL (Pe1,e)
RRG
7‘:’ 7404
2[p 9‘5_5@5_%& DATAGK
LS7Y
A
[3lc e
R
I
R
!/ o
1 +5
K j R8T —rny
5 =I-IK E
eB
£7 4 70 re
Ry LlRrevy Lo +5
-1~k [
— RaS
— 3 Ray
1 8 [_
R0 j ER:I

Do (P¢)) (NOTE STATUS /foT USED
AT THIS TIME)

MICRo BOARD GB, /4.2
GrOUP SEL

DIGI-SW , STATUS
PRGE & OF ¢
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{532 4T3 Lso4 L5738
PG AAY b 8 K1 (A 6 8
yY-X3 /0 E}—?g 7;"/7/——-?85 EEB_E'_
! 89 2
een) pps__ 1 4lE {3 .83 EA3
ey oAAEn | |6 B[R 2 £y
) 1Ud 8! £As
(Pe)) AR ___3|P2 ysi/e .80 EBc
PRI __2|Mm "?__ .7y £BY
P& hRe __1|Ao YNZ .78 £R®
AA3_GlE3 yel/s 77 EBY
AYE _S|Ea /A Uil Ss76 EBp
DATAEN Y|ET 213 .75 EBn
5F riR__ y 72 FAn
Wi 71 EBJ3
AA2 __3A2 sl 7o EBIN
AR 2 py vl ¢ EBrs
Apa __1{go "L ,c8  £EBR
14333 ARY __elE3 v /S <7 EBM
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i R2) 7404
/ 2 ! 14
tpe1) toe _2lp P olE . >87 S¢<A
1s79 IOL—R&’ 7904 3302
q[ DD} /ZDFQ? 3‘, -2"‘ /3L86 SGDR
: sl sl PeD)
(Pe4) T3IB < . 2] A Levy
AN 9E 36
R&l /" c 9 8
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‘/! R20 7404 nBL_pay
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y[—RI? R0 pyr—RI9
pvo__2[p P gs oo1_22p P gl9
1874 1574
e 7404 ot 7404
(Pe¥) I5B__3lc ple "@)’L MHe 8 73 2 91 BLIB
R R
T gy l— /g9
» 52 PRLOB
(Pe1y OF _293¢ (Pe1) SE 293
CPe1) WE_2NWE /o) (Pc2) ROMEN __I8CF
(P62) f(m_ﬂa /OR
Pen ARY_____ 24 Ay P Alo /9 Aro
A8 2308 A9 229
A7 Ay p7/T_ D7 (PGD A8 23 pe
A 2l pc Dl pe AT _Ia7 p7l/2__p7 (Pen)
As 3las Ds|{S__ ps A¢____ pe pelle e
A4 Hny p|LY__pv AS_____ 3las s|S__ps
A3 ___Slas3 p3|/3_ p3 Ay 4| ay DY{H__D4
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Al _____TAi prlio_ oy Ax_____&lA2 22|l pa
(Ps!) AO. a‘no bl K Do (P& Y21 715/ Di ‘I_O_DI
8 9
MOSTER wen no____lu__ D& (P6I)
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IKX8 RAM 2716
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MICRO [30RRD
DISPLAY / MEMORY
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SIGNAL ANALYZER BOARD PN

(Pel) AJS DIs (Pop A) z/e
A4 DN 2/5
A3 D/3 27

AR/ D/ Z/3

Al DN zZ/2

A 10 D/o 2!

A7 D17 Z/0

A8 08 Z9

A7 D7 z8

ARG D6 27

AS Ds Z6

RY Dy Xy

A3 D3 24

A2 D2 23

Al Dy Zz2

(Petl)y A Do Z/
SPARE QTRIG 217

(Pel) RfG PaK z/8
(Pel) E Y. ¢ Z19
GMD GNMD Z20

(PC¢1) D7 D/s (PoD B) Z36
D& D/¥ Z238

DS D73 Z34

D4 D/ 233

D3 Dy z32

Da D/o 23]

D/ D7 Z30

(Pe1) DO 08 z27
(PG2) RAMEN D7 z28
DI&eISW D¢ 227
DATAEN DS Z2e
DISPLAY D4 y& Xy
WATCTHD D3 Z24
GBSL Da Zz23

(P62) ROMEN DI Z22
SPARE Do 22)
SPARE PTRIG 237

(Psl) R/)W QLK 238
(pPel) E K Z 39
GND GND Z 40

MICRS /36 ARD
LOGIC ANRALYZER
PRGE G OF G
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A7 -3 c? D7
- A8 ne 8 b8 (PeY)
nalslmls ly s le nlrlnlw(s iy ls |c wlrllw|s v |s e |3 |vis (e
(Pe) APRPCDEFGAMH [ ] SEND
-] /0
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-‘fé ;33/:!;&’04. RM DATA

PRGE ] OF Y

113
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