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1.0 Introduction

This report describes the interface between the newly developed 256 channel
filter receivers and the PDP-11 computer. The same general principles are used as in
previous systems (E.D. Internal Report #10l) but because of the greater number of channels

a more compact form of construction is used.

2.0 Principle of Operation

A block diagram of the interface is shown in Figure 1.

The analog inputs from each channel of the filter receiver are first buffered
to reject common mode signals then integrated with a true integrator for an exact period.
This period is adjustable and will be set to about 90 ms. At the end of the integration
period the integrators are switched to a hold mode, the output of each integrator is
sampled, converted to 14 bit binary number and fed to the computer. This scanning, con-
verting and read in process takes about 8 ms for the 512 channels. The integrators are
then reset and another integration period begins.

The data flow between the multiplexer and the PDP=11 is controlled by a general
purpose direct memory access interface to the PDP-11 unibus. This interface (the DR11-B),
rather than using program controlled data transfers, operates directly to the memory,
moving data to and from the multiplexer.

A typical read out sequence would take place in the following way. The address
of the first channel to be converted is loaded into the channel select counter (this is
to permit read cuts of banks of channels other than 512). At the start of the hold period
the first channel is converted by the 14  bit A/D converter. The end of conversion (E.O.C.)
signal from the converter is used to request-a data transfer from the DR-11B interface
and also to advance the channel select counter to the next channel. When the transfer is
complete the DR=11B issues an end of cycle signal that starts the next conversion. This
data exchange continues until the prescribed number of transfers has taken place. This

is indicated by the overflow of a register internal to the DR-11B that has previously



been loaded by the program with the desired number of data transfers. At the end of
a block transfer the program may check that the final channel selected by the channel
select counter is the correct one.

A feature is included to permit testing of the A/D converter under computer
control by providing it with a variable input from a DAC.

DAT 14 IN is used to indicate if the data being sampled is the result of a
signal or reference integration. Signals are also provided that indicate if the filter
receivers are being used in the serial or parallel mode.

The multiplexer is also.used as an interface between the computer and the
radiometer. The computer may provide the signal/reference waveform rather than the
internal timing generator in the multiplexer. Also provided by the computer are
calibration and zero check signals to the front end and filter receivers.

The timing generator provides the integrate/hold and reset signals to the
integrator cards, and also the signal/reference waveform to the front end (or L.O.).
The signal reference squarewave is available at 5 Hz, 2.5 Hz and 1.25 Hz so that a
signal or reference period may consist of one, two or three integration periods. The
timing generator may be synchronized to an external 5 Hz signal (for use with a
chopper wheel or nutating subreflector). A 1 MHz clock internal to the timing generator
is normally used for generating the various waveforms but provision is made for an
external 1 MHz clock.

Manual scanning of integrator outputs is useful for checking correct operation
of the filter receivers and multiplexer. A V.C.0O. is used to drive the channel select
counter up or down at whatever rate is desired. The channel number is displayed both
in binary and-decimal form. The channel output is displayed on a moving coil meter,
the value at the end of an integration period being stored in a sample/hold circuit.

" The system timing diagram is shown in Figure 2.



3.0 Integrator Multiplexer Card

The basic printed circuit card used in the integrator/multiplexer consists
of 16 channels, each channel being made up of a buffer amplifier, and a true inte-
grator with hold and reset  capability. Also on the card is a 16 channel multiplexer
integrated circuit. Thirty two of these cards are used to give the 512 channel
capability.

A" circuit diagram of two  channels;,; together with the 16 channel multiplexer
and output amplifier is shown in Figure 3 and an assembly drawing of two channels
is shown in Figure 3A.

3.1 Buffer Amplifier

The buffer amplifier used was a Sprague ULN 2157. Two of these amplifiers
are packaged in a 14 pin dual in line plastic package. The relevant performance

specifications of  this amplifier are as follows:

TYP MAX
Input offset voltage +1.5 mV +5.0 mV
Input offset current +5 nA +25 nA
Input bias current 70 nA 250 nA

Input offset voltage/

[«]
temperature 10uv/°C max

3.2 Integrate/Hold Switch

To perform the switching functions in' the integrate/multiplexer we made
extensive use of the CMOS analog switches that have become  available over the last
yvear. The switch used for performing the  integrate/hold function is a DG 200
manufactured by Siliconix, Inc. The DG 200 has two independent analog switches,
each switching function  being controlled directly from TTL logic. The "on"

resistance is <100 ohms and is not” very dependent on input signal level or



temperature. The switch operated from +15V power supplies and will switch analog

signals of +15V.

3.3 Integrator

The operational amplifier used for the integrator is a ULN 2177 manufactured
by Sprague. The time constant of integration of 100 ms was satisfied with a 1 MQ input
resistor and a 0.luF polystyrene capacitor. The input offset currents are critical in

this case and the important specifications of the amplifier are listed below:

YR MAX
Input Offset Voltage +1.5 mv +5 mv
Input Offset Current +0.4 nA +1 nA
Input Bias Current 0.8 nA 2 nA
Open Loop Voltage Gain 150 V/mv

A polystyrene capacitor was used for low leakage and low dielectric absorption.

A junction F.E.T. was used for resetting the integrator because the discharge
current would be slightly too high for CMOS device. A CDR5 level shifter is common
to all reset transistors on a card and serves to change the TTL input signal to +15

suitable for switching the F.E.T.s.

3.4 Multiplexer Chip

To sample the output of each integrator while in the "hold" mode a 16 channel
CMOS multiplexer with 4 line binary addressing is used. This multiplexer chip, a DG 506,
is manufactured by Siliconix and enjoys the same advantages as CMOS analog switches in
general. Resistors were included in seriés with each analog input to the device to
limit the input current needed to charge the common drain capacitance when switching
between analog inputs of different levels. This current should be limited to avoid

burning out the F.E.T. switches and also to avoid overloading the integrator. A later



version of this chip (produced by Harris Semiconductor) includes these resistors. The

additional time constant introduced by these resistors is not significant.

3.5 Output Amplifier

The output amplifier associated with the multiplexer is used in a unity
gain non-inverting mode to give a high input impedance. This is important to avoid
errors introduced by variations in "on" resistance of the different channels of the

DG 506.

3.6 Performance of Integrator/Multiplexer Card

All gain determining components on the card are +1%. Tests on the prototype
card gave a highest channel gain of 1.005 and lowest gain of 0.992. The variations

in gain for different channels with temperature over the range of 0-45°C were %%—= +1.0

X 10—4/°C minimum and %%-= +3.5 x 10—4/°C maximum. The rise time at the output of the
card was measured and found to correspond to a time constant of 0.4us. To permit
settling to within one bit of the 14 bit A/D converter a 4us delav between selection
of a channel and the start of the conversion is used.

The zero offset voltage of each channel may be adjusted to zero by means

of the offset potentiometer associated with the buffer amplifier.

3.7 Cost Per Channel

The cost per channel is as follows:

Component cost per channel $15.38
Printed circuit card cost per channel 1.38
Construction cost per channel 2.50

$19.26

This cost refers just to integrator multiplexer cards and does not include

the control logic or A/D converter.



4.0 Control Logic

4.1 Timing Logic

The readout, reset, integrate signals are generated by the 1 MHz internal
oscillator or 1 MHz external oscillator. A 5 Hz squarewave from the computer, sub-
reflector (sync input) or the internal 5 Hz gives the starting pulse (SYNC A) (Fig. 4)
for the geperation of the readout, reset, integrate cycle.

The readout, an 8 ms positive pulse, is generated by dividing the 1 MHz clock.

The reset is a 1 ms positive pulse and is used to reset all integrators to
zero. When in the TEST mode the reset is.used to reset the channel select counter (CSC).
At the end of reset the 1 MHz clock is divided by .decade counters to generate the
integrate period, Fig. 4. This is a variable time period and can be varied from 70-90 ms

by selector switches behind the front panel.

4.2 Signal/Reference

Signal/reference can come from three sources, internal, computer and external
(Fig. 4).

Internal signal/reference is generated from the 1 MHz and can be varied by a
front panel switch for 1.25 Hz, 2.5 Hz or 5 Hz operation. This signal also available
on BNC connectors on the back panel in either 3C or TTL logic.

External signal/reference comes from.a BNC on the back panel and can be
either 3C or TTL logic input. It should .be no . higher frequency than 5 Hz.

The computer signal reference is generated by Data Out 14 from the computer
and should be no higher frequency than 5 Hz.

An external sync must also be supplied when in the external or computer
position. This signal generates Sync "A" and should be a 5 Hz TTL signal. When in

external position J21 on the back panel is used and the sync output of the nutating



subreflector can generate Sync "A". When in the computer position Data Out 15 is switched

at a 5 Hz rate to generate Sync "A". Sync "A" is used to start the readout cycle.

4.3 Channel Select Counter

Channels can be selected in two ways manual or computer. In the manual mode
the ciock pulses (Clock M) to advance the CSC are generated by a VCO, the frequency
of the VCO is controlled by the manual channel advance pot on the front panel (Fig. 5).

An up-down counter is used and the manual advance can make the channels
advance up or down to the desired channel.

In the computer mode the end of cycle from the A/D (Clock A) advances the
counter. .It only allows the counter to count up. When the test-normal switch is in
normal.the CSC is loaded by the computer.

- The four least significant bits of the CSC are buffered because they drive
the DG 506's (A) on the 32 integrator boards. The next five bits select which board
is displayed or sent to the computer by driving DG 506 (B) on Board W. The MSB 28 is
an enable that selects channels 0-255 or 256-511 by enabling the DG 506 (B) on Card W.

.The . load lines from the computer load the CSC when in computer-normal mode.
The load command is generated by the "GO" command from the computer.

A one shot is used to reset the CSC when switching from computer to manual
mode.

The binary output of the CSC is displayed by L.E.D.s on the front panel.

This output is also converted to BCD and is displayed on the Numeric Display (Fig. 5).

4.4 Interface

Inputs from computer to multiplexer

GO is used to generate the load data pulse for CSC. The GO bit triggers
a N8162A one shot that produces the load pulse. (Fig. 5).
END of cycle from the computer (EOC computer) along with the readout produce

the trigger for the A/D and reset the S/H mode control F/F (Fig. 5).



Data Out 13 is used to generate the cal "on" signal. A F/F used as a latch
stores the data until it is updated.

Data Out 12 is used to generate the zero check.

Data Out 15 is used to generate Sync "A" computer.

Data Out 14 is used to generate Sig/Ref computer.

Funct #1 - This computer output is used to select what type of data will go
to the computer either channel data or the last count in the CSC (Fig. 5).

Funct #2 - This is used to test the calibration of the A/D. Funct 2 allows
either channel voltages or a cal voltage from the computer to be applied to the A/D
(Fig. 5).

Output of Multiplexer to Computer

Cycle REQ A is generated on the falling edge of the EOC from the A/D. It is
a .5 usec pulse and is generated by a one shot (Fig. 5).
DATA IN LINES 013 can either contain the data from the various
channels or the final count of the CSC. These are selected by function 1 (Fig. 5).
STATUS B&C. These inputs come from the filter banks and by a switch

closure select the parallel or serial mode of operation.

4.5 A/D Converter

The A/D converter is an Analogic MP2914A (Fig. 5). It has 14 bit output with
10 usec conversion time. The MSB is Bit 1 and LSB is Bit 14. The input to the A/D is
buffered by an Analog Devices SHA-2A Sample Hold Amplifier. To insure that the input
to the A/D does not change during the conversion of data the SHA-2A is put into the
hold mode before the A/D starts conversion.

Input to A/D

The input to the A/D can come from two sources - computer or integrators. When
the input comes from the integrators Funct 2 is in a "Hi" state. This means that normal

data transfer between the computer and multiplexer is taking place. When Funct 2 is low



a calibration output from the computer can be fed into the A/D to check its calibration.
‘'The cal voltage input must be positive.

Calibration of A/D

Refer to the enclosed data sheet on the MP2914A.

Logic Inputs & Outputs A/D

The trigger input to the A/D is generated by the readout or the end of cycle
from the computer. The A/D trigger is a 4 usec positive pulse and conversion takes
place on the NEGATIVE edge of this pulse. The frigger also generates the mode control
for the SHA-2A.

End of Cycle from A/D (EOC)

This is a 10 usec pulse that goes positive during conversion and negative
when conversion is finished. The EOC pulse is used to advance the CSC and send a

request A to the computer and clocks the mode control F/F for the SHA-2A.

5.0 Front Panel Meter Circuit

The input of the A/D is buffered and this signal is the input to the meter
circuit (Fig. 5).

A CAG 30 is used to control this input and is only closed when in manual
mode. The LH 0043 is a sample Hold module and its hold mode is controlled by readout.
When in readout the input is sampled. The input to the meter circuit is also connected
to an isolated BNC on the front panel.

The gain of the meter circuit can be varied by a switch on the front panel.

The ranges are 20 mv, 200 mV, 2V, 20V full scale.
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6.0 Power Supplies

The multiplexer requires +15 volts at 2.5 amps and +5V at 3 amps. The power
supplies are mounted in a separate chassis with current and voltage metering as shown

in Figure 6,

7.0 Constructional Details

A total of 36 cards are used in the multiplexer, 32 integrator boards, 3
wirewrap logic boards and one A/D printed circuit board.

The chassis used to house these boards was designed by Arthur Shalloway and
Gene Runion and was found to be ideal for this purpose.

A specially designed power plane distributes power to the board connectors.
Wirewrap connectors are used throughout. Moulded plastic card guides and a simple
constructional technique make the chassis inexpensive and simple to produce. Two
large quiet fans insure adequate air flow over the circuit boards.

Connections are made to the filter receivers via four 140 pin Elco connectors
and two 56 pin Elco connectors are used for the computer interface. BNC connectors are

used for connections to the standard receiver and front end.
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