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1.0 INTRODUCTION
This manual describes the operation of the Data Set (DS), 

module type Ml, and was written to serve as the trouble 
shooting and maintainance guide for this component of the Monitor 
and Control System (M&C). This manual is an updated version of 
an earlier Data Set manual; The Handyman's Guide to the Data Set, 
Module Type Ml, VIA Technical Report No 30. Included is
interfacing information which may be useful for those who design 
command or data channels which interact with the Data Set.

The function of the Data Set is to execute computer control 
command messages and to gather and format monitor data messages 
for the control computers. The Data Set is typically installed 
in a VLA electronics rack and services all the devices in the 
rack which require computer control or monitoring. The Data Set 
has a large command/data capacity; none of the VLA Data Sets have 
been used to capacity.

The Data Set is the prime focus of interest in this manual but 
functions of the Antenna Buffer and Central Buffer are described 
where it is necessary to explain aspects of the Data Set 
operation. For a description of these Buffer units, the reader 
is referred to "Overview of the Monitor and Control System", VLA 
Technical Report No 44. The Data Sets and devices serviced by 
them are depicted in Figure 1, the Monitor and Control System 
Block Diagram. The Antenna, Central and System Buffer manuals, 
(VLA Technical Reports Nos 59, 60 and 61 respectively) describe 
the interactions between these buffers and the Data Set. Figures 
2 and 3 depict the Monitor and Control System timing 
relationships. Figure 4 depicts the message formats.

2.0 DATA SET DESCRIPTION

The Data Set is a digital machine which executes time-serial 
digital control command messages by controlling the states of 
controlled devices in accordance with the command message 
arguments. The Data Set also gathers analog and digital monitor 
data from these devices and formats the data into time-serial 
digital monitor data messages which are routed to the control 
computers for diagnostic purposes.

The Data Set is passive; it performs a command or data function 
only when stimulated by an Antenna, Central or System Buffer. 
The Buffer emits a stream of command, monitor data and data 
request messages and depending upon the character of the 
messages, the Data Set executes the command and monitor data 
operation.

The command messages originate in the central control computers 
and are routed to the Data Set via the Serial Line Controller, 
Central (or System) Buffer, Local Oscillator/Waveguide System
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(LO/WG), and Antenna Buffer. The monitor data messages are 
polled from the Data Sets by the Buffers, temporarily stored and 
then transmitted to the control computers via the Antenna Buffer, 
LO/WG transmission system, the Central (or System) Buffer and 
SLC.

The Data Set is packaged in a 1-wide standard VIA module and 
contains wire-wrapped logic connector boards for the digital 
logic chips and a removeable (for alignment and test) analog 
multiplexer and A/D converter PC board. A front panel numeric 
LED indicates the Data Set address and flashing green and red 
LEDs indicate monitor data message output activity and 
malfunctioning signal conditions. Front panel test points permit 
direct observation of important logic signals for diagnostic 
purposes. The Data Set physique is depicted in the Data Set Top 
Assembly Drawing, D13720P73 and the Illustrated Parts Breakdown 
(Fig 10) in the rear of this manual.

2.1 MESSAGE FORMAT DESCRIPTION

Figure 4 depicts the format of the M&C Command and Monitor 
Data messages and the "Q" character format. The Data Set accepts 
and outputs the NRZ form of these messages. All M&C messages are 
prefixed by an "S" (for start) character which signals that a 
message immediately follows. The bit rate of the S character is 
5 usec/bit and the message bit rate is 10 usec/bit; thus the S 
character is unique and always distinguishable from message data 
patterns. The message consists of five 8-bit data bytes; the
first byte contains a 5 bit DCS ddress (which can range from 0 to 
31, 0 to 37, octal) and a 3 bit Data Set Address (DSA) which can 
range from 0 to 7. The second byte is the Multiplex Address 
which designates a particular command or data channel. The 
third, fourth and fifth bytes are components of a 24 bit command 
or monitor data argument. In the case of an analog data message, 
the 24 bit argument consists of two 12 bit values resulting from 
the conversion of two analog signals by the Data Set
analog-to-digital converter. In all address and argument values, 
the first bit (in time) is the most significant bit.

The "Q" (for query) character is used by the CB, SB and AB to
poll data from a Data Set and is sequentially directed to Data
Sets via the Buffer's Data Set Command Ports. The bit rate of 
the Q character is 5 usec/bit.

2.2 DATA SET I/O SIGNALS

- Data Set Input Port, - an optically isolated (in the DS), TTL 
level input port which receives low-true command and monitor 
data messages and the data request (Q) character.

Data Set Monitor Data Port, - a TTL level, low-true monitor 
data message output to the Buffer.
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- Data Tap Port, - a TTL level, low-true output to the Data Tap 
which may be connected to the Data Set Input Port.

- 5 Mhz, - a 5 Mhz, 1 volt (nominal) clock which drives the Data 
Set logic. The clock may be either a 1 volt peak, (nominal) sine 
wave signal from the L8 distribution system or a TTL level clock 
from the Antenna Buffer.

- Analog Inputs, ALGI-0 .. ALGI-7, - eight differential, +/- 10 
volt level analog signal inputs to the A/D converter analog 
multiplexer from controlled devices.

- Digital Command Output Ports, - three TTL level, low-true 
command output ports consisting of clock, strobe and data lines 
and returns.

- Digital Monitor Input Ports, - four TTL level, low-true digital 
monitor input ports consisting of clock, strobe and data lines 
and returns.

SMA-0 .. SMA-3, - four TTL level, low-true lines and returns 
which are used by devices to decode device select addresses. 
After the completion of a command or monitor operation, these 
lines are defaulted to the high (false) state.

- DSA address lines, - three low-true, TTL lines which define the 
Data Set address. These lines are hard-wired to logic common on 
the back of the bin to define the Data Set address.

- DCS address lines, - five low-true, TTL level lines to the 
monitor data output register which define the DCS address of the 
monitor data message output by the Data Set. These lines have no 
relevance in Data Sets connected to the Antenna Buffer because 
the AB dubs the DCS address into the monitor data messages in the 
process of polling antenna Data Sets. These lines must be 
hard-wired to ground when Data Sets are used with the System or 
Central Buffers.

In performing a command operation, the Data Set detects, loads 
and tests the command message for parity errors. If the message 
contents satisfy the error detection logic, the Data Set address 
(DSA) components of the message are compared with the hard-wired 
(in the bin) Data Set address to determine if the command is 
directed to it. If so, then the command information and
multiplex address are stored for execution of the command. In 
executing the command the multiplex address is decoded to 
activate output data, clock and strobe lines causing the command 
to be serially loaded into the multiplex address-designated 
device. The DCS address component of the command message is not 
decoded by the Data Set; the Buffers store only the commands 
which pertain to their associated antenna so that the Data Sets
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need not test for DCS address relevance.
The Data Set is caused to perform a monitor data operation when 

it detects a Data Request character (Q) emitted by the associated 
Buffer. The Data Set then gathers digital and analog data which 
is formatted into a monitor data message along with multiplex 
address, Data Set address, DCS address, and message parity 
components. In the case of analog monitor data messages, there 
are two analog values and only one multiplex address. The 
multiplex address for the second analog value is implied and is 
the multiplex address + 1. The monitor data message is then 
serially output to the Buffer. The monitor data control logic 
has a 200 microsecond delay for analog data settling and A/D 
conversion.

The Data Set monitor data sampling operations are time and 
multiplex address ordered. The Buffer evokes two monitor data 
messages (MW-l-MW-2) from each Data Set in one VLA machine cycle. 
The multiplex addresses for the first monitor data (MW-1) message 
are derived from an address program stored in a programmable 
read-only-memory (EPROM) which may be programmed to produce any 
sequence of multiplex addresses within a 192 message period. The 
EPROM may be programmed to sample channels at rates between 1 
sample/10 seconds to 1 sample/VLA machine cycle. The multiplex 
addresses for the second monitor data (MW-2) message are derived 
in either of two ways:

1) Sequential mode in which 128 analog signals are sampled twice 
and 64 digital channels are sampled once over a ten second 
period.

2) Selected mode in which the multiplex address is set to a 
fixed channel specified by the control computers. This mode 
permits intensive (1 sample/VLA cycle) sampling of the designated 
channel for diagnostic purposes.

The reason that there are two different address-peculiar 
monitor data messages per VLA cycle is that the control computer 
operating system uses the EPROM address-designated (MW-1) data 
for diagnostic and control purposes which are fixed and constant. 
The second monitor word is provided for investigative and high 
sampling rate (in the Select mode) monitoring of device functions 
independent of the control computer programs. Figure 7 depicts 
typical MW1, MW2 and System overlay relationships.

Commands directed to the Data Set designate the selected 
address and control Select/Sequential modes. In addition, the 
EPROM address counter may be initialized to a base value by a 
Data Set Reset command so that all Data Sets with identical 
EPROMs sample the same data in any given machine cycle.

The monitor data messages emitted by the Data Set are
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rebroadcast by the Antenna Buffer as they are stored in the AB 
monitor data memory. The rebroadcast data is sometimes called 
"gossip data". This rebroadcasting enables a Data Tap (see the 
Data Tap manual for details) to be connected to any Data Set in 
the antenna for visual display of command or monitor data 
messages. The Data Set is inhibited from responding to it's own 
monitor data messages to prevent positive feedback perturbations 
to the logic.

When the Data Set detects an error-tainted (ie. parity error), 
command or monitor data message, parity error detection logic 
inhibits the execution of the message (if it is a command); the 
multiplex and Data Set address of the error-tainted message are 
stored for future monitor data readout by multiplex address 200 
(octal). A flag bit is set if the error is detected in the 
multiplex address component of the message. A binary counter in 
the error data logic counts the parity errors that occurred in 
the intervals between address 200 data readout messages. The 
counter is reset to zero as part of the readout process. Because 
the Data Set is unable to respond to it's own monitor data 
messages, it cannot test or report it's own malfunctioning 
output.

Analog data is multiplexed in the Data Set by an 8 channel 
differential input multiplexer-buffer amplifier. Each of these 
inputs is (typically) driven by an 8 or 16 channel single-ended 
or differential multiplexer located in the modules serviced by 
the Data Set. The lower four bits of the multiplex address drive 
the remote multiplexer and the next three bits drive the eight 
input Data Set multiplexer. The multiplex address is incremented 
after the first analog to digital conversion so that the second 
analog data channel can be selected and converted.

The output of the Data Set multiplexer/amplifier drives a 
sample and hold unit which "holds" the analog level constant for 
the analog to digital converter. The Data Set conversion 
control logic provides a 30 microsecond settling delay for the 
analog signal before it is held; the A/D converter causes the 
data to be loaded into a storage register for subsequent readout 
when the monitor data is output.

The major specifications of the analog multiplexer - A/D 
converter are:

Analog input range - +10.235 to - 10.240 
Multiplexer "on" input impedance - 100 megohms 
Analog settling delay - 30 microseconds 
Multiplexer "on" resistance - 2 Kohms/line 
A/D conversion period - 50 microsaconds
Common moderejection - > 60 db with a 1 Kohm source unbalance 
Conversion code - 12 bit 2's complement binary, 5 mv/bit 
Settling time - < 4 microseconds to .01% of full scale
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Cross talk - < lmv, P-P 0 10 Khz 
Input over voltage tolerance - 35 V, max

2.3 MODULE CONTROL/DATA INTERFACE

Each module serviced by a Data Set contains a small 
control/data interface driven by the Data Set which decodes 
addresses and accepts and stores command information. Under 
control of the Data Set, the control/data interface samples the 
device binary states and serially unloads it to the Data Set. 
Analog data is routed to the Data Set A/D converter by either 
single-ended or differential analog multiplexers in the 
control/data interface. Many different implementations of
control/data interfaces are possible to service command, analog 
or binary data channels. The most general implementation
incorporates all three functions and consists of about 13 chips 
which can decode and store a 24 bit command, load and output 24 
bits of binary data and multiplex 8 channels of differential 
analog data. Figure 9 shows the logic diagram of a typical 
control/data interface. In effect these control/data interfaces 
are an extension of the Data Set logic. The use of these 
interfaces located in the various VLA functional modules enables 
the Data Set to service a great many command and data channels.
Figure 9 depicts the analog and digital circuitry of a typical 
Control/Data Interface

2.4 DATA SET CAPACITY

The full command/data capacity of the Data Set is:

1) 128 analog channels, converted to 12 bit 2's complement
digital values.

2) 64 channels of 24 bit binary data (1536 bits).
3) 48 channels of 24 bit binary command (1172 bits).

The following table shows the Address/Function assignments:

MULTIPLEX ADDRESS* FUNCTION CAPACITY

0 to 17 Analog data input, ALGI-0 16 channels
20 to 37 Analog data input, ALGI-1
40 to 57 Analog data input, ALGI-2 160 to 77 Analog data input, ALGI-3 1100 to 117 Analog data input, ALGI-4 1120 to 137 Analog data input, ALGI-5 1140 to 157 Analog data input, ALGI-6 1160 to 177 Analog data input, ALGI-7 16 channels

200 Parity data readout

201 to 217 Binary monitor data, DIGI-0 15 channels
220 to 237 Binary monitor data, DIGI-1 16 channels
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240 to 257 Binary monitor data, DIGI-2 |
260 to 277 Binary monitor data, DIGI-3 j

300 Set MW 2 to select mode
301 Set MW 2 to sequential mode
302 Reset EPROM address counter
303 to 317 Reserved for future Data Set use

320 to 337 Binary command, DIGO-O 16 channels
340 to 357 Binary command, DIGO-1 |
360 to 377 Binary command, DIGO-2 j

* addresses in octal notation

3.0 DETAILED FUNCTIONAL DESCRIPTION

This section contains a description of the theory of operation 
and is broken into sections which are keyed to the Data Set Block 
Diagram, (Figure 4). The Data Set logic is straightforward and 
easily grasped by those with digital backgrounds, therefore the 
logic descriptions in the sections are brief and emphasize the 
most important aspects of the logic rather than exhaustive 
discussions of the function performed by each logic element. The 
logic is discussed in the order of increasing functional 
dependency.

Figure 8 depicts the waveforms which may be observed on the 
front panel test point connector.

The reader should study the timing diagrams referenced by the 
description as they graphically illustrate logic operations; they 
are a replica of the timing waveforms which may be observed with 
an oscilloscope. The timing diagrams are keyed to the signal 
source points by the location designator and pin number. 
Important causitive relationships are indicated by arrows from 
one waveform to others. Clocking relationships are implied by an 
up or down arrow which indicates the portion of the waveform 
which causes driven devices to be triggered. Where it is 
important to the discussion, logic states, timing durations, 
delays or frequencies are marked on the diagrams. A linear time 
base is employed in all diagrams but delays may be exxagerated 
for emphasis of race or delay considerations. Waveform sampling 
is indicated by arrows, tick marks and the letter S to denote 
sampling.

The discussions refer to the Model D and E versions of the Data 
Set which differ in the type of EPROM which stores the data 
sampling program. The Model D units use an Intel 1702A, (8 bit x
256 byte) word EPROM which must be changed when relocating Data 
Sets between racks. The Model E units use an Intel 2716 (8 bit 
x 2 k byte) EPROM which contains all data sampling programs. The 
three DSA lines (hardwired on the rear panel) select the program
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appropriate for the rack location, (e.g racks A,B,C,D); this
simplifies the logistics of swapping Data Sets. Earlier models 
of the Data Set were upgraded to levels D and no longer exist.
Model E Data Set construction started in the spring of 1986.
Logic diagrams for both models are found in the rear of this 
manual.

3.1 5 Mhz CLOCK DETECTION AND DOUBLING LOGIC

An externally provided 5 Mhz, 1.0 volt peak (nominal) sine wave 
signal is the d o c k  source for the Data Set. A 72710 analog 
comparator (A30B) and 7404 inverter square the 5 Mhz signal to 
drive the harmonic doubler A14 which doubles the 5Mhz clock. The 
A14 tank circuit rings at 10 Mhz and is "kicked" by the 
positive-going edge of the drive from inverter A1002. A10 is a 
74S04 because of it's high switching speed which produces sharp 
edged pulses for the harmonic generator. The drive edges are 
differentiated by the 10 pf/1 Kohm circuit in the MPS 918 base 
circuit and the positive-going edge provides a narrow current 
pulse to the transistor base. Inverter A1004 is caused to 
operate in a quasi-linear region by the 2 Kohm resistor in A14. 
The output of A1006 is the highest frequency clock source in the 
Data Set and all clock rates are derived from it. A10 must be a 
74S04; the high switching speed of the Schottky logic is 
important for the doubler circuit's operation.

3.2 INPUT SIGNAL SYNCHRONIZATION LOGIC

Optically-coupled isolator A30A detects the Data Set command/Q 
signals from the Antenna or Central Buffers and provides ground 
isolation between the Data Set and the Buffers. The data is 
clocked into shift register A25 by the 10 Mhz clock. 1/0 or 0/1 
data edges are detected by exclusive or gate A2403 which presets 
counters A12 and A13 to a count state of 41. This counter is 
incremented by the 10 Mhz clock to a count of 90 which then 
causes the counter to be reset to the 41 state via the 7402 
D3004. Timing Diagram 1 depicts the timing relationships.
Output A1313 is a 200 Khz waveform whose positive-going edge is 
delayed 2 usee from the 1/0 or 0/1 signal edges. The 200 Khz 
signal is the clock for counters A16 and All and also the sample 
clock for shift register A18. The purpose of this delay is to 
sample the input signal at the approximate center of the S 
character bits. A 1 Mhz clock is tapped off counter A1211. The 
use of this clock is discussed later.

3.3 MESSAGE DETECTION/LOADING LOGIC

Shift register A18 is serially loaded with the input data 
stream by the phase adjusted 200 Khz clock from A1313 described 
above. Gates A2610 and A2710 detect a data request message (Q) 
or a start of a command or monitor data message (S) in shift
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register A18. When the last 8 bits of the Q character are loaded 
into A18, gate A2610 goes true for 5 usee. This Q detection 
initiates the monitor data gathering sequence described later.

Similarly gate A2710 goes true for 5 usee when the last 8 bits 
of the start (S) character are loaded into A18. This S detection 
activates the message load counter consisting of flip-flops B2106 
and synchronous counters A16 and All. The counter generates 45 
shift clocks to serially load the message into the message input 
registers B30, B25, B15, and BIO. See timing diagram 2 for 
details. Counter A16 operates with a radix of 9 to program a 
parity test of the message data on a byte by byte basis. The 
parallel contents of register B30 are presented to B26, a 
parallel parity generator/checker, and at the count of 9 the 
output of B26 will enable the J input of flip-flop B2110. If 
there is a parity error, B2110 will be clocked true. At the 
completion of the loading sequence, the counter is shut off by 
the fall of Allll which also triggers one-shot C1810. The strobe 
output of C1810 causes parity error data to be stored in the 
error data register (discussed later) if a parity error occurred 
in the message.

If the message passes the parity test, the C1810 strobe is 
enabled onto comparator B8 which compares the message Data Set 
address with the hard-wired (in the bin) DSA. If the addresses 
agree, B8 A-B output passes the B2110 strobe to gate B2914 which 
further tests the message to determine if it a command by anding 
mux address bits 128 and 64 which are both true for command 
messages. This test is necessary because the message could be a 
rebroadcast monitor data message which is of no consequence to 
the Data Set other than the parity test.

If the message is a command message addressed to the Data Set 
in discussion, then the 24 command argument bits are parallel 
loaded into registers B24, B19 and B14. The Cmd busy flip-flop
Bllll is also set by B2914. The command multiplex address is 
caused to be stored in the multiplex address register A15 and A2 
via multiplexers D21, D22, D26 and D27. The multiplexers are 
pointed to the portions of the message loading registers which 
contain the command multiplex address by gates D0506/10, 
D2406/10 and the Cmd Busy flip-flop Bllll. The mux address is 
strobed into registers A15 and A2 by the trailing edge of one 
shot C3009. C3009 is triggered by the trailing edge of one shot 
C1810 and provides 100 ns of delay to enable the mux address to 
propagate through the multiplexers and stabilize at A15 and A2 
before being clocked by C3009. If a parity error should occur, 
one shot C1807 is triggered on to provide a stretched 
illumination of the front panel red parity error LED.

Note that the parity test logic operates on both command and 
monitor data messages and causes error data to be stored for both 
types of messages. Thus a parity error in a monitor data message
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is heard by all Data Sets in the antenna and is multiply 
reported. Also note that the DCS address is not tested or used 
in the loading process other than in the parity error tests.

3.4 COMMAND OUTPUT LOGIC

In the previous section we saw how the command messages were 
loaded, error tested and parallel stored. The storage process is 
completed by about 200 ns after the last load shift clock. The 
24 command argument bits are immediately unloaded to the command 
destination which leaves the the message loading circuitry free 
to accept the next message which may immediately follow. The 
unload operation is initiated by gate B22914 (mentioned above) 
which sets control flip flops B1105 and C1511. B1105 enables 
counters B17 and B22 to count out 24 100 Khz shift clocks and one 
clock time later a strobe pulse. The 24 command argument bits, 
shift clocks and strobe are enabled to one of three sets of 
digital outputs by address decoder B12 which is driven by the 
four high order bits of the multiplex address. The four lower 
order bits of the multiplex address are decoded by the commanded 
devices and enable the information output on the three sets of 
outputs to be loaded and stored. For details on the usage of 
these signals in a controlled device see Section 6 for an example 
of a typical command channel logic diagram.

The trailing edge of the strobe pulse resets the Cmd Busy flip 
flop Bllll. Bllll forces the multiplex address registers A2 and 
A15 to be cleared via the DS busy gate B0613. Thus the multiplex 
address storage registers are cleared to address 0 between 
command operations. Timing Diagram 3 shows the time relationships 
of the command output logic.

3.5 MW-1/MW-2 AND MUX LOAD SEQUENCE

When a data request character (Q) is detected (see Section 
3.3), it toggles D2305 which controls the MW-l/MW-2 steering of 
the multiplex address multiplexers D21, D22, D26 and D27.. D2305 
also increments the EPROM address counters D17 and D18. The 
reader will remember that MW-1 (ie. the first monitor data 
message evoked by the Buffer in a VLA machine cycle) contains 
data selected by the program residing in the EPROM. MW-2 is 
associated with either a computer-specified (ie. selected 
address) or a sequentially scanned address. The MW-l/MW-2 
ordering is accomplished by the two one-shots D0405 and D0409, 
which are triggered by the Q detection gate A2610. The Q 
characters occur in pairs, (1 pair/VLA machine cycle) and are 
separated by either 1000 usee or 4.5 milliseconds depending upon 
which Buffer drives the Data Set. One-shot D0406 is
retriggerable with a period of of 5 milliseconds; this is greater 
than the interval between the Buffer's Q character outputs. 
This delay causes flip-flop D2305 to be left in the proper state 
to steer the EPROM address to the address register when the
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Buffer requests the first monitor word in the VLA cycle. Shift 
register D9 is a clock phase generator which generates a time 
delayed clock to allow the multiplex address enough time to
propagate through the address multiplexer to the address storage 
register. Other functions of the clock phase generator are 
initialization of the 200 Khz divider A0705, triggering of the 
output data sequencing logic, loading of the multiplex address, 
Data Set address and DCS addresses in C22 and C27, and the nS" 
character bits in registers C24 and C26. Timing diagram 4 shows 
the clock terms generated by the clock phase generator D9.

Because of it's 24 pin package, the EPROM is physically located 
on the analog multiplexer - A/D board for packaging convenience.

3.6 MONITOR DATA ADDRESS FORMULATION

Counters D17 and D18 are incremented by the leading edge of the 
Q detection gate A2610 and have a radix of 192; thus the EPROM 
address recycle rate is 192 addresses in 10 seconds. Since 
counters D17 and D18 are incremented by the leading edge of the Q 
detection gate, the address program contents of the EPROM have 
about 5 microseconds to settle through the multiplexer before 
they are loaded into the multiplex address registers A2 and A15 
by the logic descsribed above. This same settling time also 
applies to the Select and Sequential address data.

The Select address data is stored in shift register C21 which 
is loaded by a command addressed to multiplex address 300 
(octal). When this command is detected, the lower 8 bits of the 
command are shifted into C21 and the Select/Sequential flip-flop 
is set to the select state. This flip-flop then causes the 
multiplex address multiplexer to route the selected address 
stored in C21 to the address registers A2 and A15.

The sequential address is formed by 2-to-l multiplexers D19 
and D20 and full adder D13 under control of gates D2903, D2906, 
D1203, C1213,C0514 and C0506. The sequential addresses scan all 
128 analog addresses twice in ten seconds and the 64 digital 
addresses once in ten seconds. The digital address scan is 
broken into two scans of 32 addresses each between analog address 
scan. The base for the sequential address counter is the EPROM 
address counter which sequences from 0 to 191 and is incremented 
once each VLA cycle by the Q detector logic.

The Sequential address algorithm is very simple and involves 
using the EPROM address counter directly, doubling the counter 
value and/or adding 64 to the count. The algorithm is depicted 
on the next page, (Np - Prom address, Ns - Sequential Address):
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EPROM address Sequential address Rule
counter range counter range

0 <- Np <- 63 0 <- Ns <- 126 Ns - 2Np
64 <- Np <- 95 128 <- Ns <- 159 Ns - Np + 64
96 <- Np <- 159 0 <- Ns <- 191 Ns - 2Np
160 <= Np <-191 160<- Ns <- 191 Ns - Np

The control gates enable or inhibit the add 64 and left or no 
shift logic operations in the adder and multiplexers on the basis 
on the Prom address counter states. The contents of the
multiplex address register are used extensively in the Data Set 
to control the distribution of monitor data and command output 
clocks, strobes and data. The lower four bits of the address 
register are buffered out of the Data Set as low-true lines by 
buffer A8. After the completion of a command or monitor data 
message output, the D5 busy logic A17 and B6 force the multiplex 
address register to the zero state. This makes the sub-mux 
address assume the zero state; • all control/data interfaces will 
sense this state. The external analog multiplexers will all 
select the zero address channel and route it to the Data Set 
ALGI-0 analog input. The Data Set is not perturbed by the 
presence of this signal since the multiplexer and A/D are 
inactive.

3.7 ANALOG DATA GATHERING SEQUENCE

Counter C17 and C1605 are enabled by control flip-flop C1611 
which is set by the clock pulse generator discussed in Section 
3.5. The multiplex address had been loaded 1 usee earlier in 
multiplex address registers A2 and A15. The counter is
incremented by 100 Khz clocks from A0705 to generate sequential 
control terms for the Sample and Hold unit and A/D Converter. At 
30 usee, the Sample and Hold is set to the hold mode; at 40 usee, 
the A/D start conversion input is triggered by one-shot D1006. 
After the 50 usee duration conversion, the A/D end of conversion 
line drops and triggers one-shot D1010 which resets flip-flop 
A0710 to reset the Sample and Hold unit to the sample mode. Gate 
C1913 steers the 500 ns one-shot to load the A/D data into shift 
registers Cl and C2. At 100 usee, counter C17 increments the 
multiplex address registers (if the mux address is in the analog 
data address range) which then causes the next sequential analog 
channel to be selected by the external analog multiplexer. With 
the new analog signal, the Sample and Hold unit, start 
conversion, end of conversion and data storage operations occur 
at 130, 140, and 190 usee respectively. At 200 usee, flip-flop 
C1610 is reset and the output data shift operation is initiated 
by setting flip-flop C1505. Gate C1913 generates a binary data 
strobe which is used to cause binary data sources to paralell 
load output shift registers for an impending unload shift.
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3.8 OUTPUT DATA SEQUENCING LOGIC
The data output operation consists of serially shifting out 

the DCS, DSA & MUX addresses, A/D data, parity bits and the "S" 
message prefix. When the message emerges at the output port it 
will be in the M&C message format. Counters C14 and D16 are 
incremented by 100 Khz clock pulses from A0705 and generate 
sequencing and control terms which program the output of the 
monitor data message. Counter C14 operates with a radix of 9 to 
cause parity data to be output at the appropriate points in the 
output message. Shift register B27 is a Johnson counter with a 
radix of 10 and is incremented by 1 Mhz clock pulses from A1211. 
The counter is initialized to an all zero state by flip-flop 
C1505. When C1505 goes high at the start of the output 
sequencing operation, a wave of five "l"s followed by a wave of 
five M0"s circulate around the register. The gates driven by B27 
generate time-phased clocking terms to clock all the monitor data 
registers. Timing Diagram 5 shows these waveforms and the basic 
logic. The logic driven by these terms are: parity counter C8, 
output register C29 and C26, data register Cl, C2 C6 and Cll, 
parity error registers B5 and C9 and the binary data channels 
from the external device controllers. These sample clocks are 
time-phased to avoid race conditions in clocking the long
string of concatenated shift registers; this makes the Data Set 
very tolerant of logic delays in external binary data channels. 
Timing Diagram 6 and 7 show the generation and usage of these 
clock terms. Under multiplex address control, multiplexer C7 
selects either the A/D converted data or binary data from a 
binary data channel in some module serviced by the Data Set. 
And-or-invert gate D0210 selects either the C7 data mentioned 
above or the parity eror data from parity data registers C9 and 
B5. Every ninth count state of counter C14, the parity readout 
control logic (consisting of gates B1310, inverters C2514 and 
C2502 and flip-flop A1705) causes and-or-invert gate D0206 to 
steer the parity data from flip-flop C8 into the output data 
stream.

Gate B0110 causes the clock inhibit flip-flop D1412 to be set 
at a count of 24 so that the three data registers (ie. converted 
analog data, parity error data and external binary data register) 
see only 24 unload clock pulses which is enough to unload them 
completely. An additional 16 clock pulses are required to bring 
these bits to the output register C24. This 24 clock pulse count 
is chosen to permit command channels to operate in a circular 
shift mode so that the contents of command channels may be read 
out non-destructively as binary data. Module L7 uses this 
feature. Counter D16 is preset to a count of 3 which provides 
sufficient time for all data to propagate through registers C24 
and C26 with an additional 45 usee of shift time after the last 
data has shifted through C24 and C26.

The DS busy flip-flop A1710 is reset at the completion of the
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An output of flip-flop C1506 is used to inhibit the ability of 
the Data Set to "hear" it's own output when used with an Antenna 
Buffer. This inhibit disables the phase adjust term from
exclusive or gate A2403 and clears shift register A18 so that the 
200 Khz clocks are not phase perturbed by the Data Set's own 
output (a positive feedback). In addition it inhibits the 
detection of the S in it's output message.

Buffers A0411 and A0409 drive the data to the Buffer and the 
Data Out LED respectively.

3.9 PARITY ERROR DATA READOUT LOGIC

In the event that a distorted command or monitor data message 
is detected by the Data Set, gate B1606 causes the message 
multiplex and Data Set address components and the error count to 
be stored in registers B5 and C9. In addition, if the error 
occurred in byte 2 of the message, gate B0106 sets flip-flop 
D2311 which is also stored with the data above. In the event 
that the parity error rate is high, counter B4 counts the number 
of errors (up to 16) between the error data readouts on multiplex 
address 200 (octal). Gate D0610 goes true when multiplex 
address 200 occurs and enables the parity data in registers C9 
and B5 to be routed to the output logic via and-or-invert gate 
C0210. The data is clocked and sampled in the same manner as A/D 
or digital data from a device interface.

4.0 ANALOG SUBSYSTEM ALIGNMENT AND TESTS

The analog multiplexer - A/D converter board is removeable from 
the Data Set for alignment and test in a controllable analog and 
logic environment. This environment is provided by an A/D-mux 
test fixture, (dwg D13720L45) a high precision adjustable DC 
source (Fluke 343A), a digital multimeter and an oscilloscope.

The A/D-mux test fixture has a dual bus switching structure and 
several analog signal sources. Control and conversion logic 
sequences the multiplex address, triggers the sample/hold unit 
and A/D converter and displays the converted digital value and 
mux channel. The timing of these terms is identical to those in 
the Data Set. Control switches permit the multiplex address to 
sequence or be set at any channel. These switches also permit 
the selection of continuous or manually triggered conversions and 
the use of the various alignment and perturbation sources.

output data shift operation.
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4.1 ALIGNMENT PROCEDURE FOR A/D BOARD
1. Set the front panel switches of the test fixture as 

follows:
CMP/LC - LC
SCAN/SEL - SEL
MANUAL ON/OFF - OFF
BUS A 0-J0 - 0
BUS A DIFF/COMM - DIFF
BUS A +/* - +
BUS B 0-50 - 0
BUS B DIFF/CM - DIFF
CHANNEL SELECT - CH 0
BUS A SOURCE - GND
BUS B SOURCE - GND

Set all channel switches to BUS A.
Plug an A/D board (component side up) into the top socket and set 
the power switch to on.

2. Connect a 4 digit Data Precision DVM between the S/H out and 
the analog ground test points and adjust the S/H offset pot for a 
reading of 0.0000 volts.

3. Move the DVM to the analog out test point and adjust the 
zero adjust pot for 0.000 volts.

4. Remove the DVM and adjust the ADC offset pot for a tester 
display of 0.000 volts.

4.2 DC Common Mode

1. Set the BUS A DIFF/C0M switch to CM. Set the BUS A source to 
100 Hz square wave. Switch the desired channel to BUS A and all 
others to BUS B (GND). With a scope of at least 5 MV/cm 
sensitivity connected between the analog out and analog gnd 
terminals, adjust the DC CMR pot for the minimum signal.

4.3 AC Common Mode

1. Using the procedure outlined above, set the BUS A source to 
a 1 Khz sime wave and adjust the AC CMR pot.

2. Repeat the DC CMR adjustment of 6.2 to insure proper AC and 
DC CMR alignment.
4.4 A/D Adjustment and Test

1. Set the BUS A DIFF/CM switch to DIFF and the BUS A source to 
external. Apply a precision DC reference between the BUS A Hi 
and Low terminals.

2. Set the reference to +10.000 volts and adjust the ADC gain
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pot for a panel reading of 10.000 volts.

3. Set the reference to 0.000 volts and adjust the ADC offset 
pot for a panel reading of 0.000 volts. Return to step 2 and 
repeat the 2/3 sequence until no further adjustment is necessary.

4. Using the test data sheet, Figure 10, vary the external 
reference from +10.000 to -10.000 in 1.0 volt increments and 
record the displayed values.

4.5 CMR Test

1. Install a 1 Kohm resistor between the BUS A Hi and Low 
terminals. Connect the selected channel to BUS B.

2. Set BUS A source to external. Set RSA and RSB switches to 0 
resistance. Set A and B +/- switches to +. Set A and B CM/DIFF 
switches to CM.

3. Set BUS B source to 1 k, and note the converted value.

4. Set BUS B source to 1 volt and record the value.

5. Set BUS B source to 10 volts and note value.

6. Calculate and record the followint values:

CMMR(db) * 20 log ( (step 3 - step 4) \

1 volt

CMMR(db) - 20 log 1 (step 3 - step 4) |
10 volts

In handling the A/D board, it is very important to avoid 
touching the PC board contact fingers as human skin oil and 
salts may contaminate and corrode the edge connector contacts on 
the board and in the Data Set. Board contact plating often is 
porous and skin oils and salts can form corrosion products which 
will cause unreliable electrical contact in a few months. If 
the contact fingers are touched, the contact area should be 
thourougly cleaned before installing the A/D-mux board in the 
Data Set.
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DATA SET MUX-A/D BOARD TEST DATA
Board Type __________  Serial #
Date _________  Test by

A/D Ser # ______  Installed in Data Set Ser # ____ Date
Input Volts______ Converted Value______ Error. MV
+ 10.000  
+ 9.000  
+8.000 
+7.000 
+ 6.000  
+ 6.000  
+ 5.000  
+4.000 
+ 3.000  
+ 2 .000 
+ 1.000  
0.000  
- 1.000  
- 2.000 
- 3.000  
- 4.000  
- 5.000  
- 6.000  
- 7.000  
- 8.000 
- 9.000
-10.000 _______________  _____

CMR, db
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5.0 Major Data Set Drawings

Top Assembly Drawings
D13720P73 Data Set, Model D Top Assembly Drawing 
A13720Z99 Data Set, Model D Top BOM

Functional Drawings
D13720L75 Data Set, Model E Logic Diagram 
D13720L44 Data Set, Model D Logic Diagram 
A13720P57 IC Panel Chip Location Map, Model D & E

Wiring Drawings
A13720W61 Data Set, Model D Master Wire List
A13720W62 Data Set, Model D Hand Wire List
A13720W63 Data Set, Model D Machine Wire List
A13720W64 Data Set, Model D Connector Pin/Signal Wire List
C13720P03 DCS Module Logic Wire-Wrap Field Dim & Notation
D13720M97 Data Set Wiring Jig Configuration
A13720W44 Data Set J1 I/O Signal Wire List
A13720W45 Data Set J3 I/O Signal Wire List
A13720W46 Data Set J4 I/O Signal Wire List

Mechanical Components Drawings
C13720M16 Data Set Front Panel Machining Drawing
C13720M15-1, 2 Modification, Rail
B13720M18-1 Front Panel Filter, Polarizing
B13720M18-2 Front Panel Filter, Clear
C13720M17 Insulated Spacer, Rail
C13720P68 Insulated Side Panel Ass'y
B13720M49 Side Panel Insulation
C13720M50 Side Panel, Modified
C13720M07 Perf Cover Ass'y
B13050M17 Perf Cover Fastener
B13050M32 1-Wide 42/34 Rear Panel
B13720M46 A/D PCB Connector Support
C13720AA51 Data Set Front Panel Silk Screen Artwork

Front Panel LED Display Drawings
C13720P38 Front Panel LED Display Ass'y
A13720Z23 Front Panel LED Display Ass'y BOM
D13720M33 Front Panel LED Display Detail
B13720AB06 Front Panel LED Display PCB Artwork

Burr-Brown Type Mux-A/D Converter Drawings, (Model D DS only) 
(uses Burr-Brown SDM 853 and Intel 1702 EPROM)
D13720P92 A/D Converter Ass'y Drawing 
A13721Z19 A/D Converter Ass'y, BOM 
D13720AD20 PCB Artwork 
D13720AD22 PCB Silkscreen Artwork 
D13720M55 PCB Drill Drawing 
D13720AD23 PCB Solder Mask Artwork 
C13720P93 Prom Carrier PC Board Ass'y
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B13720M57 Prom Socket Protector
Analog Devices Type Mux-A/D Converter Drawings, (Model D DS only) 
(uses Analog Devices AD 363 Analog Input System & Intel 
EPROM)
C13721P41 A/D Converter Ass'y 
A13720Z61 A/D Converter Ass'y BOM 
D13720M91 PCB Drill Drawing 
C13720AB35 PCB Solder Mask Artwork 
C13720AB36 PCB Silkscreen Artwork 
A13720P93 Prom Carrier PC Board Ass'y 
B13720M57 Prom Socket Protector

1702

(note, the PCB artwork for this board was modified to the Model E 
Data Set version)

Analog Devices Type Mux-A/D Converter Drawings, (Model E DS only)
(uses Analog Devices AD 363 Analog Input System & Intel 2716 
EPROM)
D13720S23 Logic Schematic 
C13720AB48 PCB Artwork 
D13721M13 PCB Drill Drawing 
C13720AB49 PCB Silk Screen Artwork 
A13720P93 Prom Carrier PC Board Ass'y 
B13720M67 Prom Socket Protector
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J1 - 37 pin Front Panel test D connector 
J2 - 86 pin Mux - A/D board internal connector 
J3 - 34 pin Amp Rear Panel connector 
J4 - 42 pin Amp Rear Panel connector

6.0 Input/Output Signal Pin Assignments

Power Inputs:
+ 5 Volt logic power - J4 - 10
Logic Common - J4 - 34
+ 15 Volt power - J4 - 16
- 15 Volt power - J4 - 17
Analog Gnd - J4 - 42

Address Inputs:
Anta-4 ("16")
Anta-3 ("8")
Anta-2 (“4")
Anta-1 ("2”)
Anta-0 ("I”)
DSA-2 ("4”)
DSA-1 ("2")
DSA-0 ("I")

- J4 - 18
- J4 - 24
- J4 - 20
- J4 - 13
- J4 - 2
- J4 - 29
- J4 - 28
- J4 - 11

Command Message/Q Inputs:
Cmd/Q Hi - J4 - 25
Cmd/Q Lo - J4 - 26

Monitor Data Message Outputs:
Data to Buffer Hi - J4 - 15
Data to Buffer Lo - J4 - 27

Data Tap Output:
Cmd/Data Messages Hi J4 - 8
Cmd/Data Messages Lo - J4 - 9

Submultiplexer Address Outputs:
Signal Pin
SMA-0 (rtl") J3 - EE
SMA-0 Ret J3 - CC
SMA-1 ( " 2 " ) J3 - KK
SMA-1 Ret J3 - HH
SMA-2 ("4") J3 - DD
SMA-2 Ret J3 - FF
SMA-3 ("8") J3 - JJ
SMA-3 Ret J3 - LL

20



Command/Data Channel I/O Pin Assignments
Digital Command Outputs

DIGI/0 #0
Addr * 200 - 217
S ignal
DIGI-X J3 - B
DIGI-X Ret J3 - D
CLKI-X J3 - F
CLKI-X Ret J3 J
STRI-X J3 - L
STRI-X Ret J3 - N

#1
220 -237 240

J3 - R J4
J3 - T J4
J3 - V J4
J3 - X
J3 - Z J4
J3 - BB

#2 #3
257 260 - 277

- 1 J4 - 19
- 4  J4 - 22
- 3  J4 - 21

- 1 2  J4 - 23

* Address in octal notation

Digital Monitor Data Inputs

Addr * 320 - 337 340 -357 360 - 377
Signal
DIGO-X J3 - C J3 - S J4 - 35
DIGO-X Ret J3 - A J3 - P J4 - 36
CLKO-X J3 - H J3 - W J4 - 37
CLKO-X Ret J3 - E J3 - U -
STRO-X J3 - M J3 - AA J4 - 30
STRO-X Ret J3 - K J3 - Y _

Analog Monitor Data Inputs:

Signal Address *
ALGI-0+ J4 - 14 00
ALGI-0- J4 - 32
ALGI-1+ J4 - 33 20
ALGI-1- J4 - 41
ALGI-2 J4 - 7 40
ALGI-3 J4 - 40 60
ALGI-4 J4 - 6 100
ALGI-5 J4 - 39 120
ALGI-6 J4 - 5 140
ALGI-7 J4 - 38 160

* address is in octal notation
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7.0 SPECIAL MODULE DATA SHEETS 
Three different versions of analog multiplexer - A/D Converter 
PC board sub-assemblies are used:
1) Burr-Brown - SDM853, used in Model D Data Sets only
2) Analog Devices - AD363KD AIS, with Intel 1702A EPROM; used in 

Model D Data Sets only.
2) Analog Devices - AD363KD AIS with Intel 2716 EPROM; used in 
Model E Data Sets only.

Two EPROMs are used for MW1 address programs: the Intel 1702 
and 2716 (data acces speed is not a problem, just about any 1702 
or 2716 will work). The EPROMs are located on the A/D board 
because of the chip 24 pin package. When Model D Data Sets are 
installed in a rack, be sure that the EPROM program is 
appropriate for the rack location. This consideration does not 
apply to the Model E Data Sets because the 2716 EPROM contains 
programs for all racks.

Data Sheets for these devices follow.
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1 .0 2 0  
0.990 
0 .095 
0 .000 
0 .000 
6.275 

-6.950 
0 .000 
1.485 
0.000 
0 .000 
0 .000 
0 .000 

000000 
000000 
000000 
000000 
000000 
000000 
000000 
000000

-0.990
0.000
0.015
0.500

0 . 1 0 0  
0.005 
0.005 
5.820 
0.000 
0.000 
0.355 
0 .000 
0.000 
0.000 
0 .000 

000000

000000
000000
000000
000000
000000

-0.895
7.465 

- 0 .010  
0.600

4.135 
0 .000 
0 .000 
6.150 
0 .000 
0 .000 
0.370 
0 .000 
0 .000 
0.000 
0 .000

000000 000000 000000 000000 000000 000000 000000

SELECT MODE

(MUX 022/023  
SHOWN SELECTED)

SEQUENCE MODE

DMP TERMINAL CMP1s:

Select MW1 Overlay: 
MW 1 'DCS DS 

Select MW2 Overlay: 
MW 2 'DCS DS 

FREE(Seq. Mode) DS: 
F DS DCS 

Select Mode Address 
S 'MUX DS 'DCS

Figure 7 (a)
TYPICAL MONITOR WORD OVERLAYS



T Y P IC A L  
FR OVERLAY

MOTE: ALL SYSTEM 
OVERLAYS ARE 
B A S E D  £>U 
MONITOR WORD- 1

EXAMPLE SHOWING HOW "RAW" DATA SET MONITOR WORD DATA 
IS EXTRACTED INTO "FORMATTED" OVERLAY DATA.

FIG. 7b
TYPICAL MONITOR WORP OVERLAYS



Jl Pin Signal

ANMON

Comment
+5SYNC +5 VDC

GNDSYNC Logic Conn

Multiplexed 
Analog Data

PARERR Parity Error
Detected

Waveform
DC, +5

+3.5 - HI, 
Gnd - LO

DC, Gnd
MUX___ MUX+J_____ + | 0 V MAX

100
hS 53*>tiS

-------10V MAX

14

15

16

17

DTAOUT Monitor Data
to Buffer

Monitor Data 
Message, Hi-True 18

DSINP Data Set Cmd/Monitor 
Messages, Lo-True 19

CLKDIN Clocked Input 
Message

Cffld/Monitor 
Messages, Hi-True 20

SHFTCLK

SHFTEN

Input Message 
Load Clock

Input Message 
Shift Enable

_TLTLr
— ! r—  ohs_r 4SO)i S ~L_

21

22

10

11

SDET

QDET

Cmd/Mon Message 
Detected

Data Request 
Message Detected

23

24

12 SERCMD Output Cmd 
Information

10 ps/Bit, Lo-True 25

13 ADEOC A/D Conv End 
of Conversion _n 5 0 0  "S

26

FIG. 8 DATA SET TESTPOINTS (Jl) WAVEFORMS

192EN

DSSEL

SER/SEL

CMDCLK

RSPPOM

A/DSC

DSCLK

BINSTR

DINDTA

CMDSTR

5MH2

10MHZ

SMA-4

DS Int Cmd En

Message Directed 
to Data Set

lOOnS

Sequential/Select Hi « Sequential Mode 
Mode Control Control

Command Output | 6 s (7 - 7 1  
Shift Clock, I--- -— I L

Reset Prom Address 
Register

24 Pulses lOpS—«-l 

] 250 mS [~

A/D Converted Start 
Conversion

Binary Monitoir Data I 6yS 1 4yS| 
Shift Clock 1----- 1 L

[-*- iOhS -*■
Binary Monitor Data ------1 l0|lS r
Load Store •-------1

Binary Monitor Data 
Input to Data Set

Cmd Chan Load 
Strobe

5 MHz detector 
Output

Doubled 5 MHz

Mux Address - 4, 
M16", Hi True

Low True Serial 
Waveform

_n_n_
•*-1 [-*- lOOnS

2 5 0 » S  CMOS 

7 0 0 |i S  MON OAT A



27

28

SMA-5

SMA-6

Mux Address - 5 
"32", Hi True

Mux Address - 6 
"64", Hi True

~~1 °» I
250 j<S CMOS 

700(i S MON OATA

SAME AS ABOVE

29

30

31

SMA-7

SMA-0

SMA-1

Mux Address - 7 
"128", Hi True

Sub-Mux Address - 0 
"1", Low-True

Sub-Mux Address - 1 
"2", Low-True

SAME AS ABOVE

CMO 250jiS
MONITOR_____
OATA | J  100 Hs

OR 
595 mS |

SAME AS ABOVE

32 SMA-2 Sub-Mux Address - 2 
"4", Low-True SAME AS ABOVE

33 SMA-3 Sub-Mux Address - 3 
"8", Low-True SAME AS ABOVE

34

35

A/DDATA Converter Analog 
Data Storage Reg

DSBUSY Data Set Busy,
Executing CMD or 
Gathering New Data

24 Bits, Low True

CMO

MONITOR 
OATA

250 »S

695 yS

36

37

WD1/WD2 Monitor Word 1/2 
Control Flip-Flop

PEDATA Parity Error Data
Storage Reg Output

4.5mS 
OR I m S

MON*02
PE Message Data, 
Hi-True

| OR I m S I 
I MSN WOt L MONw02

FIG. 8 - Continued



ADORESS DECOOER

SMA-3 — > 0 — t > - * - o  

SMA-2 — cfc>-^—

SMA- I
SmZTT —

SMA-2
SMA-0

SMA-3

0 0 
T >

S
A 6 

7

CHAN XOl EN

OIGO-X

CLKO-X

STRO-X

8 DIFFERENTIAL ANALOG INPUT TERMINALS

SMA-3 
CHAN X02 SMA-2 —  

SMA-1 
SMA-0 ---

EN

-  + 
INPO

— + — + -  + -  + — + 
INP 1 INP 2 INP 3 INP 4 INP 5

-  + 
INP 6

-  +  
INP 7

HI-507-A 8 CHANNEL DIFFERENTIAL M ULTIPLEXER* 
-OUT +0UT

ANALOG MULTIPLEXER

BINARY COMMAND CHANNEL

'S  ALGI-X, MULTIPLEXED ANALCfl 
' y  OATA TO DATA TO DATA S E T *

' = 0 -----£

r' = 0 - 0

SER 74164
IN

CLK Oo Oi Oz Os 04 Os Oe Or

SER 74164
IN
CLK Oo Oi Oz Os 0< Os 06 07

Do Di 02 Dj D« Os 
CLK 74174

Oo Ot 02 03 04 Os

Oo Di 02 03 D4 Os
CLK 74174

00 Oi 02 03 04 05

SER 74164
IN
CLK Oo Oi 02 03 04 Os Q«

Oo Oi 02 Dj 04 Os 
CLK 74174

Oo Oi 02 03 04 Os

24 PARALLEL BINARY COMMAND BITS

Do Ot Oz D» 04 Os 
CLK 74174

Oo Oi 02 03 04

•* ANOTHER 8 CHANNEL DIFFERENTIAL MULTIPLEXER MAY BE ADDED OR 16 CHANNEL SINGLED MULTIPLEXERS SUBSTITUTED IF COMMON 
MODE VOLTAGES ARE LOW.

STRI*

CLKI-X

BINARY MONITOR DATA CHANNEL 

~ l----------

CHAN X02 EN

DlGl-X

SER IN S/L Q7
CLK 74165

Oo Oi 02 03 04 Os Oe 07

SER IN S/L 07
CLK 74165

Oo Oi Oz 0} 04 Os 0« 07

H
SER IN S/L 07
CLK 74165

Oo Oi 02 03 04 Os 06 Or

I T
24 PARALLEL 8INARY MONITOR DATA 8 ITS MS 8 ,

*  '  O AK °s' e TE “USr HAV£ A" OI>e" C0LLECT0R AS THE D,0'-X L,NE ,S 4 ™ » T T  LINE WITH ThE PULL-UP RESISTOR ,N THE

FIG. 9 -  TYPICAL CONTROL /  DATA 
INTERFACE LOGIC



SIDE PLATE C13720M60

6*32 * VA 
PLAT HO

S W E  IN S U L A T IO N  
B I3720M 49

€>-32 *  V e  
ME* SOCKfcT HO.$ C \

*| N .  6 - 3 2  V  I '/q  P A M  W O.

N . „  _  6-32  x Vq PAN WO 
N O .  fe E > T  T O O T H

g u id e , b l o c k  
&13050M4

0FR^ W  PAKtL BI372.3M22 

@RA\l 03720m 15-I 
(3) Rail C^72oax^- o 
@  SPACED CI5720»a.V

© R ear p«n u . b ij-is o m is

KAPTOM TEMW- R- t a p e

CAPTIVE SCREW  
SOOTHCO FASTEN ER
47-10*204-10 

N X

SCREW LOCK 

0204 IS -2 BRACKET - ©\3720M46, 
CONNECTOR - SAE CPH7000-86ST

FLAT HO 
PAINTED

F IL T E R , C L E A R / * V  
B I3 7 2 0 M I8 - 2

F IL T E R , r e d  
B I3 7 2 0 M 1 8 -

L|0^. d »SPLAV

4 I 3 7 2 0 Z 2 3  V
standoff
82I2-N-440 FI6. 10 

DATA SET
ILLUSTRATED PARTS BR£ AX DOW/M



OATA ot A25-I3 

DATA ot A2S-I4 

A24-03

10 MHz CLOCK A29*10 

AI2 STATES

A13 STATES 

A I3-I4

A13-13, 200KHz

A18 SH IFT CLOCK 
AI3-I2

A I3 -II

AI3-I5

0 3 0 -4

TIME -  tf S

J------L
__n

U"

TIMING DIAGRAM 1? INPUT SIGNAL SYNCHRONIZATION TIMING

A27-10, S OET
5uS~i_r
2liS

A13-13,200 khz aw clk __f!JTJT_njT_riJlflJTJTJTJTJTJTJTiTJTJl_n-rL̂  J U W V l

821-6, lOOKHz OTA SH CLK

AI6-I5 

A ll- I I

B26-S , PAR CLK

CI8-I0

C30-I0

| i/o | i/o | i/o | i/o 1 i/o 1 i/o | i/o j i/o I  ̂ j  I i/o r  /o

■i >■

TIMING DIAGRAM 2* MESSAGE DETECTION -  LOAOING TIMING



829-14

B I I - 5

A 22-14 ZOOKHz 

BIT-14

C LKO -0  A 4-I3  

A 2 I- 6 , UNLO CLK 

0160-0  

C I5 -5

STR O -0  C20-3 

SUB MUX AOOR

| J  lOOnS -? V

h SUB MUX AODRESS VALID
H

TIMING DIAGRAM 3-' COMMAND OUTPUT TIMING

_________________________________________  5 pS________________________________________________
C 2 5 - 6 ,0 | ^

»“-«.»»* n n n n n n
---------- 1------------------------------------- L 
------------------------------ 1-------------------------------------------- L  

---------------------------- 1------------------- L 
------------------------------------- I---------- L

0 9 -3

0 9 -4

0 9 -5

0 9 -6  _______________________________________________________________________ ___ _ J

012-6, START MUX-A/D SEQ. ------------------------------------------------------------------ j j____________________________

I________________ j-
82 9 -6  AOOR REG LO CLK •------------------------ ,i—_________________r
030-1 AOOR REG LO EN | _______________________ ____________________________________________________________ f~

TIMING DIAGRAM 4= MONITOR DATA MULTIPLEX ADORESS CLOCK PHASE GENERATOR



TIM E, tiS 0 5 10 15 go1 ' 1 I I I I I I I | I I I l | * i i i |

C L K -15

I MHz CLK

B27-3

B27-4

B27-5

B27-6

B27-I2

OUTPUT SHIFT CLOCK 

ADDR REG CLK 

DATA SHIFT CLK 

PARITY FF CLK J— L

J  L _r~ L

S~i.

J I

OUTPUT SHIFT CLK
QC

0: ± f >
PARITY CLOCK

ADDR REG CLK-  Qs

TIMING OIAGRAM 5-- MONITOR OATA OUTPUT CLOCK GENERATOR

START, CI5-5 _ J ------------------— ------- ---------------------------------------------------

lOOKHz A7-5 J ----------- §-----------1 5 T----------------------- 1

OUTPUT SI I CLK C24-2 f~H  4_________f----J________________ j ----1__________________j --- .

ADDR REG CLK C27-2

PA R ITY  FF C LK  C 8 - I4

B in DATA C27-I0

ADDR REG CLK C22-7

CI4 STATES I*-

S mss

DATA S H IFT  C LK  C I- 2  ----------- 1_______________g_______________j --------- =---------- 1_______________ _̂______________  4

TIMINO OIAGRAM 6; MONITOR DATA OUTPUT CLOCKING, START OF OATA OUTPUT



100 KHz A7-5 

OUTPUT S4 CLK C24-2

CI4-STATES

AOOR REG CLK C27-2 

DATA SHIFT CLK CI-2 

PARITY FF CLK C8-I4 

Bin OATA C27-IO 

AOOR REG OATA C22-7 

PARITY FF C8-I0 

PARITY OATA

TIMING DIAGRAM 7 : MONITOR DATA OUTPUT TIMING, PARITY DATA OUTPUT

COMMANO 8IT NO. 23 ,MSB I 22 j 21 I 20 | ? ? | ' j 0 , LSB

0160-X , 
CMD INFO.

CLKO-X,
CONTROLLER LOAD 
CLOCK

Th  . 4 T

(_i L _ f  I___f

STRO-X, ----------------------------------------------------------------- 1 1------------------------------------------1 5
CONTROLLER STORAGE *----
LOAD

SUB MUX AOOR |------------------------------------ SUB MUX ADDRESS VALIO, 250 uS ---------
STATES, CONTROLLER 
LOAD ENABLE

S * CONTROLLER SAMPLES (ie . LOAOS SHIFT REG.) CMO INFO. AT THIS POINT

TIMING DIAGRAM 8 -  CONTROLLER COMMAND LOAD TIMING



STRI-X , PARALLEL LOAD 
MON OATA REC ' - L I T 1 ■i >

CLKI-X, UNLOAO CLOCKS

0161-X

MON OATA BIT #

Susa -? 1---- f

_r* ,_nzj

| 23, MS8 | 22 | 21 | 15

Sls*

__

| * | O.LSB |

SUB MUX AOOR STATES, 
CONTROLLER UNLOAO ENABLE

SUB MUX AOORESS VALID, 693pS

S=» OATA SET SAMPLES DATA AT THIS POINT
*  THERE ARE 3 PAUSES IN CLKI-X  AT 9 BIT INTERVALS TO PERMIT DATA SET TO MERGE PARITY OATA INTO MONITOR 

OATA WAVEFORM.

TIMING OIAGRAM 9* CONTROLLER BINARY MONITOR OATA UNLOAO TIMING

SAMPLE 8 HOLD MODE

30 pS 
SAMPLE HOLD

30 pS 
SAMPLE HOLD

70 |iS 70 pS

A/0 START CONV 40pS fl lOOpS

A/0 ENO CONV 90pS J1_______ !22hs_______ |L

SUB-MUX ADDR STATE |* -------- MUX A, lOOpS --------» |*- MUX A + I, 595pS

ANALOG OATA SETTLING TIME [ 3 0 p S j  
MUX A MUX A * l‘

TIMING OIAGRAM 10 -  CONTROLLER ANALOG OATA TIMING
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2716 
16K (2K x 8) UV ERASABLE PROM

" FaSo ^ 8; : ‘me. .  ■ Pln Compatible to Intel 2732A EPROM
“ • 950 n8 MflXi _ i .  n —
— 2716-2: 390 na Max Simple Programming Requirements
— 2716: 450 ns Max. “ *S,n9,e LocaUon Programming
— 2716-5: 490 ns Max! “  Proflram# w,*h 0n® SO ms Pulse
— 2716*6: 650 ns Max. ■ Inputs and Outputs TTL Compatible

■ Single +5V Power Supply Dur,nfl Read and PrOfl«»"
■ Low Power Dissipation " ComP,ete,y Static

— Active Power: 525 mW Max.
— Standby Power: 132 mW Max.

I I ! !  '" ‘f l 2716 '? a 1®-384 bit ultraviolet erasable and electrically programmable read only memory (EPROM). 
The 2716 operates from a single 5-volt power supply, has a static standby mode, and features fast single- 
address programming, it makes designing with EPROMs fast, easy and economical.

The 2716. with its single 5-volt supply and with an access time up to 350 ns. is ideal for use with hioh- 
perlormence +5V microprocessors such as Intel's 8085 and 8086. Selected 2716-5s and 2716-6s are a?so

^  ,K e r.8f)eed a?p,ications- The 2716 8,80 ^ s  a static standby .mode which reduces power 
consumption without Increasing access time. The maximum active power dissipation is 525 mW while the 
maximum standby power dissipation is only 132 mW, a 75% savings.

“®es a 8imP'» •"<* 'a *  method for programming-a single TTL-level pulse. There is no need for high 
I™  ,? ™  ?,? ec®us® a,l Pr09ramming controls are handled by TTL signals. Programming of any location at 
any time-either individually, sequentially or at random is possible with the 2716s single-address program­
ming. Total programming time for all 16,384 bits is only 100 seconds.

A,C 1 ^  24 3 VCC
*«C 2 23 □ A.
a4c ) 22 □ A,
A«C 4 21 3 Vpp
* ,C S 20 3 0 *
AjC
A.C

•
7

19271. „ 3 A |0 
3 C I

A0C • 17 3 0 ,
0«c 9 16 3 0 ,
0 ,c 10 1S 3 0 ,
0, c 11 14 3 0 ,

ONOC 12 13 3 0 ,

ADMtSttS
CHI* [NASH

ot OUTPUT ENABLI
0.-O, OUTPUT*

v««<
OATA OUTPUTS 

0*-0,

Figure 1. Pin Configuration Figure 2. Block Diagram

2716

PROGRAMMING CHARACTERSITICS
D.C. PROGRAMMING CHARACTERISTICS: TA -25»C tffC. VCC111 -W  *S%. VPP(1,21 -25V *1V

Symbol Parameter Min. Typ. Max. Unite Test
Conditions

>LI Input Current (for Any Input) 10 #*A VIN -  5.25V/0.45

•PP1 Vpp Supply Current 5 mA CE = Vil

lpp2 Vpp Supply Current During 
Programming Pulse

30 mA CE » Vih

ice Vcc Supply Current 100 mA

V.L Input Low Level -0.1 0.8 V

VIH Input High Level 2.0 Vc c  + 1 V

A.C. PROGRAMMING CHARACTERISTICS: TA -25*C ±5*C, Vcc111 -SV ±5%. Vpp11,21 -25V ±1V

Symbol Parameter Min. TVp. Max. Unite Test
Conditions*

*AS Address Setup Time 2 M*

*OES OE Setup Time 2 M*

tos Data Setup Time 2 M*

<AH Address Hold Time 2 MS

•OEH 5E Hold Time 2 M*

*OH Data Hold Time 2 M»

tOFP Output Enable to Output Float Delay 0 200 ns

>it
|UI

*OE Output Enable to Output Delay 200 ns _J>It

lo

tpw Program Pulse Width 45 50 55 ms

tpRT Program Pulse Rise Time 5 ns

tpFT Program Pulse Fall Time 5 ns

•A.C. CONDITIONS OF TEST
Input Rise and Fait Times (10% to 90% )....................20 ns
Input Pulse Levels....................................................0.8 to 2.2V
Input Timing Reference Leve l............................0.8V and 2V
Output Timing Reference Level........................0.8V and 2V

NOTES:
1. Vcc mu*t b* applied simultaneously or before Vpp and removed simultaneously or after Vpp.The 2716 must not be Inserted Into 

or removed from a board with Vpp at 2S tW  to prevent damage to the device.
2. The maximum allowable voltage which may ba applied to the Vpp pin during programming Is + 26V. Care must be taken when switching 

the Vpp supply to prevent overshoot exceeding this 2SV maximum specification.



2716

Programming of multiple 2716$ in parallel with the 
same data can be easily accomplished due to tha 
simplicity of the programming requirements. Lika 
inputs of the paralleled 2716s may be connected 
together when they are programmed with the same 
data. A high-level TTL pulse applied to the CE input 
programs the paralleled 2716s.

Program Inhibit
Programming of multiple 2716s in parallel with dif­
ferent data is also easily accomplished. Except for 
CE, all like inputs (including OE) of the parallel 
2716s may be common. A TTL-level program pulse 
applied to a 2716's CE input with VPP at 25V will pro­
gram that 2716. A low-level 51 input inhibits the 
other 2716 from being programmed.

Verify
A verify should be performed on the programmed 
bits to determine that they were correctly program­
med. The verify may be performed with Vpp at 25V. 
Except during programming and program verify. Vpp 
must be at 5V.

ERASURE CHARACTERISTICS

The erasure characteristics of the 2716 are such that 
erasure begins to occur upon exposure to light with 
wavelengths shorter than approximately 4000 
Angstroms ( A). It should be noted that sunlight and 
certain typea of fluorescent lamps have wavelengths 
in the 3000-4000 A range. Data show that constant 
exposure to room-level fluorescent lighting could 
erase the typical 2716 in apprbximately 3 years, while 
it would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the 2716 is to be 
exposed to these types of lighting conditions for 
extended periods of time, opaque labels should be 
placed over the 2716 window to prevent uninten­
tional erasure.

The recommended erasure procedure for the 2716 is 
exposure to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated 
dose (i.e.. UV intensity X exposure time) for erasure 
should be a minimum of 15 W-sec/cm . The erasure 
time with this dosage is approximately 15 to 20 
minutes using an ultraviolet lamp with a 12000 
ji W/cm2 power rating. The 2716 should be placed 
within 1 inch of the lamp tubes during erasure.

PROGRAMMING WAVEFORMS

inteT 2716

CAPACITANCE141 (TA -  2S‘C, t -  1 MHz)

Symbol Parameter Typ.13' Max. Unita Teat
Condltlona

C|N Input Capacitance 4 6 PF V,N -  OV
CquT Output Capacitance 8 12 PF Vqut -  ov

♦A.C. TEST CONDITIONS
Output Load .......................1 TTL gate and

Cl  -  100 pF
Input Rise and Fall Tim es................«20 ns
Input Pulse Levels.................... 0.8V to 2.2V
Timing Measurement Reference Level:

<"Pu‘s ........................................ 0.8V and 2V
Outputs....................................0.8V and 2V

A.C. WAVEFORMS111



2716

DEVICE OPERATION

Th« six modes of operation of the 2716 are listed in 
Table 1. It should be noted that inputs for all modes 
are TTL levels. The power supplies required are a 
+5V Vcc an(i * Vpp. The Vpp power supply must be 
at 2SV during the three programming modes, and 
must be at SV in the other three modes.

Read Mode

The 2716 has two control functions, both of which 
must be logically satisfied in order to obtain data at 
the outputs. Chip Enable (C l) is the power control 
and should be used for device selection. Output 
Enable (01) is the output control and should be used 
to gate data from the output pins, independent of 
device selection. Assuming that addresses are sta­
ble. address access time (tAcc) Is equal to the delay 
from Cl to output (tee)- Data is available at the out­
puts tot after the falling edge of 51, assuming that 
C l has been low and addresses have been stable for 
at least Ucc~*OE-

Standby Mode

The 2716 has a standby mode which reduces the 
maximum active power dissipation by 75%, from 
525 mW to 132 mW The 2716 is placed in the stand­
by mode by applying a TTL-high signal to the CE in­
put. When in standby mode, the outputs are in a 
high impedance state, independent of the 01 input.

Output OR-Tlelng

Because 2716s are usually used in larger memory 
arrays, Intel has provided a 2-line control function 
that accomodates this use of multiple memory con­
nections. The two-line control function allows for:

a) the lowest possible memory power dissipation, 
and

b) complete assurance that output bus contention 
will not occur.

To use these two control lines most efficiently,
(pin 18) should be decoded and used as the primary 
device selecting function, while OE (pin 20) should 
be made a common connection to all devices in the 
array and connected to the READ line from the 
system control bus. This assures that all deselected 
memory devices are in their low-power standby 
modes and that the output pins are active only when 
data Is desired from a particular memory device.

Programming

Initially, and after each erasure, all bits of the 2716 are 
in the "1" state. Data is introduced by selectively 
programming "0's" into the desired bit locations. 
Although only “0's" will be programmed, both “1 's“ 
and “0‘s'' can be presented in the data word. The only 
way to change a ”0” to a “1" Is by ultraviolet light 
erasure.

The 2716 is in the programming mode when the Vpp 
power supply is at 25Vand 51  is at V|H .The data to be 
programmed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL

When the address and data are stable, a 50 msec, 
active-high, TTL program pulse is applied to the 
C l input. A pulse must be applied at each address 
location to be programmed. You can program any 
location at any time—either individually, sequential* 
ly, or at random. The program pulse has a maximum 
width of 55 msec. The 2716 must not be programmed 
with a DC signal applied to the Cl input.

Table 1. Mode Selection

Pins 

Mode \

C l
(18)

C l
(20)

Vpp

(21)
VCC
(24)

Outputs
(9-11,13-17)

Read V.L Vil +5 ♦5 OouT
Output Disable V.L V|H +5 +5 High Z

Standby V|H X +5 +5 High Z

Program Pulsed V)L to V)h V.H +25 +5 Dm
Verify V.L Vll +25 +5 °OUT
Program Inhibit V.L V|H +25 +5 High Z

2716

ABSOLUTE MAXIMUM RATINGS*
'NOTICE: Stresses above those listed under “Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
ot the device at these or any other conditions above those 
indicated in the operational sections ol this specilication 
Is not implied. Exposure to absolute maximum rating con­
ditions for extended periods may affect device reliability.

D.C. AND A.C. OPERATING CONDITIONS DURING READ
2716 2716-1 2716-2 2716-5 2716-6

Temperature Range 0*C-70*C 0*C-70*C 0*C-70*C 0*C-70*C o*c-7o*c
Vcc Power Supply*1,2* SV sS% SV £10% 5VatS% SV s5% SV *5%
Vpp Power Supply*2* Vcc Vcc Vcc VCC VCC

READ OPERATION 
D.C. CHARACTERISTICS

Symbol Parameter Limits
Test ConditionsMin. Typ.131 Max.

Unite

>u Input Load Current 10 a*a V,N -  5.25V
•lO Output Leakage Current 10 H A V0UT -  5.25V
*PP1*21 Vpp Current 5 mA Vpp -  5 25V
■cci'2' Vcc Current (Standby) 10 25 mA* CE «VIH.5 E  -V ,L
•cca121 Vcc Current (Active) 57 100 mA S i  -  CE -  v,L
V|L Input Low Voltage -0.1 0.8 V
V.H Inpuf High Voltage 2.0 Vc c+1 V
Voi Output Low Voltage 0.45 V *01 ■ 2.1 mA
VOH Output High Voltage 24 V ■oh *  -<oo mA

A.C. CHARACTERISTICS

Symbol
Limits (ns)

Parameter 21na 2716-1 2716-2 2716-S 2716-6 Test
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Conditions*

<ACC Address to Output Oeiay 450 3S0 390 450 450 CE - 5E -  V|L
•CE CE to Output Delay 450 350 390 490 650 5E -v ,L
*OE141 Output Enable to Output Delay 120 120 120 160 200 CE -v IL

CE or CE High to Output Float 0 100 0 100 0 100 0 100 0 100 CE - V,L
‘OH Output Hold from Addressa*. CE or 

51 Whichever Occurred First 0 0 0 0 0 CE - 5E - V|L

Temperature Under B ia s .......................... -10*C to +80*C
Storage Temperature .............................. -65*C to +125*C
All Input or Output Voltages with

Respect to Ground.................................... +gy to -0.3V
Vpp Supply Voltage with Respect 

to Ground Ouring Program................+ 26.5V to -0.3V



□ ANALOG Complete 16-Channel 12-Bit Integrated 
DEVICES________ Circuit Data Acquisition System

AD363
FEA TU RES
Versatility

Complete System in Reliable 1C Form 
Small Size
16 Single-Ended or 8 Differential Channel* with 

Switchable Mode Control 
Military/Aerotpace Temperature Range: -56®C to 

♦125*C (AD363S) MIL-STD-883B Procetting 
Available

Verutile Input/Output/Control Format 
Short-Cyde Capability 

Performance
True 12-Bit Operation: Nonlinearity <±0.012%  
Guaranteed No Miuing Codes Over Temperature Range 
High Throughput Rate: 30kHz 
Low Power: 1.7W 

Value
Complete: No Additionel Parts Required
Reliable: Hybrid 1C Construction, Hermetically Sealed.

All Inputs Fully Protected 
Precision +10.0 ±0.005 Volt Reference for External 

Application
Fast Precision Buffer Amplifier for External Application 
Low Cost

PRODUCT DESCRIPTION
The AD363 is a complete 16 channel, 12-bit data acquisition 
system in integrated circuit form. By applying large-scale linear 
and digital integrated circuitry, thick and thin film hybrid tech­
nology and active laser trimming. the AD363 equals or exceeds 
the performance and versatility of previous modular designs.

The AD363 consists of two separate functional blocks. Each 
in hermetically-sealed 12 pin dual-in-line packages. The analog 
input section contains two eight-channel multiplexers, a dif- 
ferential amplifier, a sample*and-hold, a channel address regis­
ter and control logic. The multiplexers may b« connected to 
the differential amplifier in either an 8-channel differential 
or 16-channel single-ended configuration. A  unique feature 
of the AD 36 3 is an internal user-controllable analog switch 
that connects the multiplexers in either a single-ended or dif­
ferential mode. This allows a single device to perform in either 
mode without hard-wire programming and permits a mixture 
of single-ended and differential sources to be interfaced to an 
AD363 by dynamically switching the input mode control.

The Analog-to-Digital Convener Section contains a complete 
12-bit successive approximation analogto-digital converter, 
including internal clock, precision 10 volt reference, compara­
tor. buffer amplifier and a proprietary-design 12-bit D/A con­
verter. Active laser trimming of the reference and D/A conver­
ter result* in maximum linearity errors of ±0.012% while per­
forming a 12-bit conversion in 25 microseconds.

Analog input voltage ranges of ±2.5. ±5.0, ±10. 0 to *3 and 
0 to *10 volts are user-selectable. AdJing flexibility and value 
are the precision 10 volt reference (active-trimim-d to a toler­
ance of ±SmV) and the internal buffer amplifier, both of which 
may be used for external applications. All digital signals are 
TTL/D TL  compatible and output data is positive-true in paral­
lel and serial form.

System throughput rate is as high as JOkltz at full rated ac­
curacy. The AD363K is specified for operation over a 0 to 
♦70®C temperature fangc while the AD.*63S operates to speci­
fication from -55#C to ♦12S#C. Processing to MIL-STD-883B 
is available for the AD363S. Both device grades are guaranteed 
to have no missing codes over their specified temperature 
ranges.

+5V with 2000pF hold capacitor as provided unless otherwise noted)
MODEL A0163K AD363S
ANALOG INPUTS 

Number of Inputs

Input Voltage Ranges 
Bipolar 
Unipolar 

Input (Bias) Current, Per Channel 
Input Impedance 

On Channel 
Off Channel 

Input Fault Current (Power Off or On) 
Common Mode Rejection 

Differential Mode 
Mux Crosstalk (Incerehannel.

Any Off Channel to Any On Channel)

16 Single-Ended or 8 Differential 
(Electronically Selectable)

±2.5V, tJ.OV. tlO.OV 
0 to *5V. 0 to ♦lOV 
t)0nA max

io'*n. toopF 
io'*n, iopF
20mA. max. Internally Limited 

7OdB min (80dB typ) •  IkH t. 20V p-p 

-80dB max (-90dB typ) •  1kHz. 20V p-p
RESOLUTION 12 BITS
ACCURACY 

Cain Error1 
Unipolar Offset Error 
Bipolar Offset Error 
Linearity Error 
Differential Linearity Error 
Relative Accuracy 
Noise Error

±0.05% FSR (Adj. to Zero) 
,±10mV (Ad) to Zero) 
±20mV (Adj to Zero) 
±*tLSB max
±1LSB max UViLSB typ) 
±0.025% FSR 
ImV p p. 0«o 1MHz

TEMPERATURE COEFFICIENTS 
Cain
Offset. ±10V Range 
Differential Linearity

SICNAL DYNAMICS 
Conversion Time*
Throughput Rate. Full Rated Accuracy 
Sample and Hold 

Aperture Delay 
Aperture Uncertainty 
Acquisition Time

To ±0.01% of Final Value 
for Full Scale Step 

Feedthrough 
Droop Rate

±30ppm/*C max (±IOppm/*C typ) 
±10ppm/*C max (tSppm/°C typ)
No Misting Codes Over Temperature Range

±25ppm/*C max (±15ppm/*C typ) 
±8ppm/aC max (t5ppm/*C typ)

23fis max (22fa typ)
25kHz min (30kHz typ)

100ns max (50ns typ)
500ps max (lOOps typ)

l>«s max (10fM, typ)

-70dB max (->0dB typ) 9  Ik Hi 
2mV/ms max ( I mV/mi typ)

litis foor-pft d n  aummaiy contain* key tpecificatioiu to speed yew  
•election of die proper solution for vovr tppHcition. Aildlrinn.l

DIGITAL INPUT SIGNALS1
Convert Command (to ADC Section, 

Pin 21)

Input Channel Select (To Analog 
Input Section, Pint 28-31)

Channel Select Latch (To Analog 
Input Section, Pin 32)

Samplc-Hold Command (To Analog 
Input Section Pin 13 Normally 
Connected To ADC "Status",
Pin 20)

Short Cycle (To ADC Section Pin 14)

Single Ended/Differential Mode Select 
(To Analog Input Section. Pin 1)

Positive Pulse, 200ns min Width. Leading 
Edge ("0” to “ 1") Resets Register, 
Trailing Edge C l ” to "0") Stans Con­
version.
1T1L Load

4 Bit Binary, Channel Address.
1LS TTL Load

“ 1 “ Latch Transparent 
“0”  Latched 
4L5 TTL Loads

'*0” Sample Mode 
” 1" Hold Mode 
2LS TT L  Loads
Connect to »5V for 12 Bits Resolution. 
Connect to Output Bit n ♦ 1 For n 8its 

Resolution.
1TTL Load

"0” Single-Ended Mode 
''I*': Differential Mode 
3TTL-Load»



MODEL AD)6 )K ADJ6JS

DIGITAL OUTPUT SIGNALS1
(All Code* Positive True)
Parallel Data

Unipolar Code Binary •
Bipolar Code Offset Binary/Two'• Complement •
Output Drive 2TTL Loads •

Serial Data (NRZ Format)
Unipolar Code Binary •
Bipolar Code Offset Binary •
Output Drive 2TTL Loads •

Status (Status) Logic "1" ("0'') During Conversion •
Output Drive 2TTL Loads •

Internal Clock
Output Drive 2TTL Loads •
Frequency JOOkHt •

INTERNAL REFERENCE VOLTACE ♦ 10.00V. tlOmV •
Max External Current 11mA •
Voltage Temp. Coefficient 120ppm/* C, max •

POWER REQUIREMENTS
Supply Voltages/Currents ♦ 15V. 15% ® ♦45mA max (»)8mA typ) •

-I5V . 15% 9  -45mA max (• Ilm A  typ) •
♦5 V, 15% 9  *1 )6mA max (*U )m A  typ) •

Total Power Dissipation 2 watts max (1.7 watts typ) •

TEMPERATURE RANGE
Specification 0 to ♦70, C -55*C to *125*C
Storage -55*C to ♦BJ’ C4 •55*C to »I50*C

NOTES.
'  Witk 500(1,1% fixed rcsttor in place of Cua Adjuit pot.
'Convcnioa time of ADC Section.
’ One T T L  Lotd U defined at In , •  •1.6mA max •  V |L  •  0.4V. I |h  •  *OmA  m ix •  V ||| •  1.4V.
One LS T T L  Lotd it defined at lit . •  -O.MmA m ix •  V|i_ •  0.4 V, 1| h  •  20mA max •  V |u •  I .T V .
ADJ6SK External HoU Captcitor it limited to »S5*Ci Analog Input Secboa and ADC Section mty b« nored t l  up to ♦1J0*C. 

'Specification! tune u  AD363K.
Specifications tubject to change without nodce.
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DATA ACQUISITION SYSTEM

FEATURES
• SAVES 0ESI6N TIME

• RELIABLE • 168-hour bake

• LOW LEVEL OR HIGH LEVEL INPUTS

• SAVES SPACE

• FLEXIBLE • Up to lour modes ol operation

• LOW COST

DESCRIPTION
The SDM833 is a complete 8- or 16-channel data 
acquisition system in a compact 4.6' * 3.0* * 0.375' 
metal case. This system differs from most in that it 
can acquire and digitize low level or high level analog 
signals. A built-in high quality instrumentation 
amplifier allows input signal ranges of ±IOmV to 
±I0V. This means that the SDM833 can be 
connected to low level sensors such as thermocouples 
and strain gauges without external signal 
conditioning.
This expandable module accepts either 16 single­
ended or 8 differential inputs and converts the 
multiplexed data signals into 12-bit digial words with 
an accuracy of +0 025% at throughput rates of up to 
33.000 samples per second.

, n» ■ Til ittmmt • i»— n . C ■ Ittei

DISCUSSION OF PERFORMANCE
The S  DM833 is a complete modular “o ff the shelf’ data acquisition system. With this 
system it is possible to configure compltte data acquisition systems in one-fourth the space for a fraction o f the cost previously possible.
These systems contain all the components necessary to multiplex and convert ±IOm V 
to ±!0V analog data into equivalent digital outputs yielding resolutions o f 2.4* V to 
j lT u  throughput sampling rates are up (o 30 kHz for 12 bit and up to43 kH:for 8 h,t resolution. The modelSDM8S3 contains an analog multiplexer which 
can be connected in a 16 channel single ended or 8 channel differential mode, 
instrumentation amplifier, sample/hold. 12 bit successive approximation A /D  
converter and programming logic. The amplifier and sample/ hold are not internally 
interconnected. This allows maximum application flexibility. These systems can be 
expanded wahout limit using Burr-Browns MPC-I6S and MPC-8D monolithic 
multiplexers. Figure I shows the components o f the SDM853. The system is designed 
to be mounted on a printed circuit card. The only requirement for system operation are 
input signals, power and the interconnection o f the system components into the desired operating configuration.

MUX MUX Amp Amp Qtin 
Out Out IN IN Salactton AOC *OCComp CUn OMaat Ad| Adi

1 4  O-15 Q.16 &
f - A1 * 

A« S3 O
’ . ISAl 60
Count tub. 13

as
toSTRS. 13 & Sl'oba IS O

Oalay Ad|1 31 O 
Oalay Adi.3 S« Q

|J f  ■ SS ?S 64 33 34 54 tf
B jW  Oalay S/O MUX Nag P o t  S P O  A / n  a/d 

tnb. Hal. Out Wat. Qm JJfg

FIGURE I. SOM8S3 Block Diagram.

ANALOG MULTIPLEXER

Jwo one of eight CMOS analog multiplexers are used to 
*llow user selection by external jumpers of 16 single 
tnded channel or 8 double ended channel operation. In 16 
channel operation the multiplexer may be used in a 
P»«udo differential mode by connecting the amplifier 
•averting input to a common, remote, signal ground.

INSTRUMENTATION AMPLIFIER

The instrumentation amplifier is a low drift, differential 
amplifier featuring high speed at gains above unity, and 
external gain programming with an external resistor. 
With the gain programming pins open, the gain is unity. 
Gain may be selected from unity to 60 dB.



Couni f nahle

AOC Ui||tr

Short cycle

Multiplexer Enable 
Multiplexer Enable 
S I) select

One «landatdT 11 l«<ad. po 
4-hit binary

One 1TL load, negative true. address loaded wilh strobe inputs
One standird Tf(. load. m » uv» true, addioi loaded »rth strobe inpuii
One standard T t l load. STROBE and STROBE edge tnggerihe delay timer and Clock the address 
counter STROBE must be huh 10 enable S'irObE and UftuHE mutt be lo» to enable STROBE 
f »o MartJjtJ I I I  loads. povtitc true, logic ~0“ allow* the Strobe inputs to trigger the delay timer, but 
presents the MUX address counter Trom being docked
One standard H i  toad a posm%e going edge at IR  1C initiates conversion, a negative going edge at T R 1C 
initiates cofuernon. TRIG must be D* to enable TRIG. TRIG must be T  to enable TTHG 
One standard TTL load, logical I for I2bit resolution, connected to the N ♦ I bit output for N bit 
resolution

T»o viandard TTL loads, logical I enable multiplexer output and logical 0 l*rns off all channels 
1*0 standard T IL loads, logical I enables Ifrchannel singloended operation and logicalOenablelkhannel 
diflereniial operation

r>*>* OUlpUtN
Parallel 81. 81 
Senal out

outputt 
IVlav out (Delay Ouil 
(kick 
Smut

DIGITAL OUTPUT SPECIFICATIO N S
812 2 Standard T Tl. loads, negative true

2 Standjrd 111 loadv negative true, time serial data output beginning with Rl. (we timing diagram) 
5 Standard I ' l l  lo*dv positive true. *-bit binary code, internal 2klt pull-up resistors 
5 Standard T tl loads high How) during the delay period, triggered by Strobe and Sir 
5 Standard T il. loath Tor \\nchronising serial out data Isee timing diagram).
5 Standard T 11 load', high during the A U contenson

I Strobe inputs

SYSTEM TIMING DIAGRAMS
5Tmsi
MUX
a o o r e s s  o u r

Ot L AV 
TiMCR o u t

u *
—  Channel n iddrtti valid —  Channel n • I •ddrtu vsllc 

___ |»  - ftimc- » | _________

conversion - Cl> i
OATA BIT I 
IBM • MSB -  -

J-------L

n i r j r ^ r y i m . ----------  _  .

■■ Ch n data valid "

___________ n c i :
----------------

-i- J— h *J_1L81 - ! -1 -i-'U____________
• S*r<al data valid ■■ > |

FIGURE 4. Timing Diagram for Sequential Addressing Normal Programming Mode.

STATUS 

OELAV OUT

OUTPUT
______rXf’T"?.7____________ ocr c

OATA VALID Ch«*«#l n -| s r Channot n ♦ I

OiFFAMP
OUT V

\ -

FIG U RE 5. Timing Diagram for Sequential Overlap Programming Mode. (Delay must be adjusted to status pulse.)

W C K J W E  A W B  Pin C O N T T G U R T T r i O n
SDM853 CONNECTOR PIN DIAGRAM

♦ 15V 1 76 -16V
AN A . GNO. 3 76 S/O EN S

CM 0 IN 3 74 CH 8 IN (0 RTN )
CH 1 IN 4 73 CH 9 IN (1 RTN )
CH 3 IN S 73 CH 10 IN  13 RTN )
CH 3 IN • 71 CH 11 IN  (3  R TN )
CH 4 IN 7 70 CH 13 IN (4  RTN )
CH 9 IN 8 69 CH 13 IN (5  RTN )
CH 6 IN • 68 CH 14 IN  16 R TN )
c h  r in 10 67 CH 15 IN (7 R TN )

M UX O UT HI 11 66 MUX O UT LO
CSaETEKiB 13 69 CLrt ENB

CO U N T ENB 13 64 M UX EN B
A8 OUT 14 63 A8 IN
A4 O UT IS 63 A4 IN
A3 O UT 16 61 A2 IN
A1 OUT 17 60 A1 IN

B l V . 18 59 O L Y .
ST R O B E 19 98 S fR O B E

AOC TR IO 30 57 AOC TU TS
O L Y . A D J. 1 31 56 O L Y . A O J. 2

R l 22 55 R2
N EO R E F  O UT 23 64 SPO
POS. R E F  O UT 24 53 COMP IN

AMP IN HI 26 62 G A IN  A O J.
03 26 51 S/H IN
U1 27 50 S/H O U T

AMP IN LO 28 49 S H T . C Y C .
AMP O UT 29 48 S/H C O N TRO L

S T A T U S 30 47 BT
B1 MSS 31 46 82

S3 33 45 B4
BS 33 44 B6
ar 34 43 88
B9 36 42 B IO

611 36 41 B12 LSB
S E R  O UT 37 40 C L K .O U T

♦s 38 39 D IG  RTN

S.1m m  
(0 .20")

7 .0 m m
(0.90**)

9 .5 m m  
(0 .3 7 S  *)

. 116.6 m m *—.  
(4.60'*)

1 9 4 .0 m m  «
• 6 .6 m m  13-70 I

(022**1 ivo
(BO TTOM  VIEW)

Tappod Scrow  H oi*  
us* « - * 0  » 3 /1 6 "  
H n d w i t i

1 0 1 .6 m m  • 
(4 .0 0 " l

16 5ir»r (0 65 -1

r76mm 
(3 00 *

UTTTT
(EO G E VIEW)

.minqj
7.6mm 
(0  30* ) ty p

B «rr 
10.33"!

CASE M A T ER IA L: In iu litc tf  S l l t l  
CO NN ECTO R  PINS: G old  F lash ed  
W EIGHT: 1 4 6  gram* (S  o i . )

MOUNTING INSTRUCTIONS:

M O U N TIN O  FL U SH  ON PC C A R D
1. U m  (tr ip  contractors or tw o  14 p in  an d thro* 1 6  p in  low  

profit* 1C N C k t li  (sh ipp ed  w ith  tact* u n it).
3 . U m  4 - 4 0  « 3 /1 6 * ' (4 .8 m m ) LO Pan  HO H irtfw srs to  

s*cur* th* S O M 8S 3 to  PC Card.
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1 he sample and hold amplifier is a complete, stand alone 
sample and hold circuit featuring buffered output. 7iisec 
acquisition time, and JOnsec aperture time. Input, output 
and mode control functions are brought to separate 
connector pins. This allows maximum system flexability for 
performing such functions as automatic gain ranging with 
no loss of aperture time.

ANALOG-TO-DIGITAL CONVERTER
The ADC is a ceramic packaged. 12-bit converter featuring 
24*isec conversion time and 0.01% accuracy. Thin-film 
networks and current switching are used to assure linearity 
over wide temperature ranges.
ADDRESS COUNTER
A 4-bit binary address counter is connected to the 
multiplexer. This counter may beexternally loaded, cleared 
clocked or enabled. The address outputs are brought to 
connector pins for convenient system control.
DELAY TIMER
I he delay timer is provided to allow for the settling time of 
the multiplexer, amplifier, and sample and hold circuits. The 
delay time is adjustable over a wide range by an external
potentiometer and/or external capacitor. This allows for the
longer settling time of the instrument amplifier at high gains. 
CONTROL LOGIC

Delay and AOC trigger functions are edge-triggered and 
gated. Counter control functions are synchronous with the 
counter clock which is internally connected to the delav 
limer output.

CHANNEL EXPANSION

The number of analog input channels of these systems can 
easily be increased using Burr-Brown*s MPC8D am 
MPCI6S CMOS multiplexers, the MPC8D is an k- 
channel differential model and the MPCI6S is a !(► 
channel single-ended model. These arc latch-free dcvKc 
which contain internal binary decoding. T T L  or M()» 
logic levels, and may be integrated into a system uni 
minimum external logic.

SYSTEM PERFORMANCE

The SDM853 can be configured to continuous, 
sequence through all analog channels, to accept randor 
addresses or to sequence through all analog channcl>... 
command from an external trigger.

The status signal, pin 30. is connected to the strobe n. 
input of the delay timer, pin 58. for normal progr.,, 
sequencing with a minimum throughput sampling raio • 
30kHz for 12-bit resofution.

By using “overlap" programming, the settling time efliv
of the analog multiplexer and instrumentation ampliiu 
can be reduced, extending throughput sampling rati* u 
«o 32kHz for 12-bit and 43kHz to 8-bit resolution II,' 
mode of operation is most useful when converting l..» 
level inputs to accommodate the increased settling time- 
the instrumentation amplifier. Overlao o rocram m i.,....

• —  — — .........  me mvrcBsvu seining unu*
the instrumentation amplifier. Overlap programming 
accomplished by connecting the status signal, pin 30. i. 
the strobe input of the delay timer, pin 19. and extending 
the delay time. The internal logic will then select anal.., 
channel (n + I) while channel n is being converted.

SYSTEM PERFORMANCE
ITypieil it J6°C w d  ridd luooliai)50

MCUR6 2. Nonlincarily and SelllingTime „■ FIGURE 3. Ou,p„, N „ *  top i! J L , .

System
Cain

System
Accuracy

Throughput 
Rato 

(Channel s/sec)
Otlay 

Tima Oiiee)

V/V Normal Overlap Normal Overlap

t ;0  07S% FSR 30k 37k 9*0 tO 035% FSN 2Sk 32k
too tooex rsn 20k 37k

1000 • o.ih  fsn 10* Mk 70 70

FSR
AOC
Rangt

Ampli­
fier
Gain

Reso­
lution

Oelay for 
Settling 
totO.2% 

(wee)

Delay for 
Settling 
to tO.OSK 

OiMc)

Oelay loi 
Settling 
to 0.01'.. 
(psec)

20V t«ov i 4 .8 8 m V 7IV o to iov to 244(1 V 10 i s
0.1V 0  to 10V too 2 4 .4 mV 2 0lOmV 0  to 10V 1 0 0 0 2 .4 4 |iV * 6 0 7 0 •

Overlap Modes.

TABLE II. This table shows the delay timer setting requiu-J 
o allow for the settling time of the instrumentation ampli- 

Her to the accuracies specified. Add the 24*isec conversion 
time of the A/D converter to the above delay times to obtjr. 
channel conversion times. • Depends on desired S/N ratio.

ELECTRICAL SPECIFICATIONS
t  ypical »l i ) T  »nd me< power supplies unless otherwise noted.

MOOEL 1 SDMI33
TRAN SFER C H ARA CTERIST ICS

Throughput Rate, min 
Resolution 
Number of Channeb

JOkHt. Dptccj channel 
12 But

I t  tingle-cnded/l differential
ANALOG INPUTS

ADC gain range*
Amplifier gain range
Amplifier gain equation
Man input voliagc without damage
Ma«. input voltage (or muhipkaer operation m i
Input impedance

Biat current 
I5*C
0*C to JO T 

Differential Bia* Current (23*C|
Differential Brat Current Drill 
Amplifier output noise (Cain » 100. R . •  500(1) 
Amplifier input offiet voltage, max 
Amplifier voltage offset drift

0-5V. O-IOV. ±2 JV . 13V. 110V 
1 lo 1000 

0  -  1 ♦ T O k lljR ,,," ' 
! I« V  

110 24V 
lOOMfl. lOpF O FF channel 
lOOMIL lOOpF ON channel

20nA 
JOnA 
lOnA 

0 In A /T  
I.JmV. rmt, 7mV, p-p 

400*1 V
2 ♦ 2 0 ,G » V ,X

ACCURACY""

System RSS accuracy at 2J*C (Cain -  l |  
Linearity (Cam •  1)
Differential linearity (Gain ■ 1) 
Quantiiing error 
Cain error 
Offiet error
Power supply sensitivity

10023Ct> FSR'*' al JOk 11/ throughput 
1 I/2LSB . at XMHi throughput 
1 I/2LSB . al JOkHi throughput 

1I/2LSB 
Adjustable lo tcro 
Adjustable lo rero 

±0005*% FSR/%  change of supply vohage
STABILITY  OVER TEM PERATURE

Syttem accuracy drift, man 
Linearity drift

±J0ppm/*C of reading 
13ppm of FSR < T

DYNAMIC A CCU RACY '

Sample A  Hold aperture time 
Aperture lime uncertainty 
Error for full teak transition between 

tuccestively addrcucd channels 
Differential amplifier CM RR (Gain ■ 1) 
Channel cross talk 
Sample A  Hold feedthrough 
Sample A  Hold decay rale

Mntcc
ISiuee

ILS B  ai JOkHt 
74dB at IkH t 6JdB at JkHt (lOOdB at «0Hi Oain -  1000) 

lOdB down at 2kHt. (or O FF channel to ON channel 
MdB down at 5kHi 

lOjiVptec
OUTPUT

Output Coding (Compkmeniaiy) 
Gain trim1*
Offset trim'*
A/D Conversion-Time 
Delay

Unipolar Straight Binary. Bipolar Ofltct. Binary Two's Complement 
Adjustable to tcro error 
Adjustabk lo tcro error 

24|ascc
t*sec nominal externally adjustabk from 5 S«>tec lo M jiW "

POWER REQ UIREM EN TS 1I3VDC 1)%  at +50mA. JmV. rms. rippk 
• ISVDC 13% at •75mA. JmV. rmt. nppk 

+5VDC 13% at 4300mA. 2SmV. rms. rippk
ENVIRONMENTAL
Operating temperature 
Storage temperawrc 
Relative humidity

OX to icrc 
■2iX to ♦1ST 

93% noncondenting

1. With t m  between pint 24 and 27.
2. No miuinf coda guaranteed.
J. FSR  meant Full Scak Range.
4 Oain and Offset controls are located in the moduk The adjustment range* an  ±01% FSR for Oain and ±01% FSR for Offset 
5. Adjustabk to 10 tccondt with eatemal capacitor.
i .  For differential operation with gaia >  1.1 he common-mode input voltage range k ±JV.
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