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SUMMARY
‘§ This report describes a neuron network model referred to as the C-aquared (C*) system. The
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5 cuits which are set under control of 8 PDP-88 digital computer. Cleasly this provides tremendous flexibility in
} building complex neuron networks. The ease of constructing such is enhanced by providing access to all of
Yy the syncoders and sample-and-holds, plus 18 general-purpose amplifiers, via three large, removable
patch panels. This also allows one to easily change from one complex circuit to another. Discrete components (such
a8 resistors and can be connected to th: syncoders with special patch cords, modifying the firing
5 characteristics of the individual neuron models. In addition, controls on each syncoder circuit board allew in-
3 menﬁﬁmemuwhmi&mtbthmthdmm,thum
Q be done while the C* is operating. The C* System, itself, is a real-time signal processor; but provisions for
.§ nﬂﬁumﬁompwﬁmdthomklnawwmtohoumpledbynhrgedlgltaloomputerforoff-
reduction mlyum'l'opthudl these factors make the C* System an extremely flexible tool for  study-
neuron
I Curntb&kqhmhbdn;mdwithamedﬂwalbdmnﬂogmhleamdwithaPDP-lllzo
o to further and analyse the outputs of the syncoders. Of its many possible applications as a
general-purpose n‘gnlm, it has been used to investigate speech recognition and target identification from
. sonar and doppler radar returns.
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L PREFACE

: "f This report deacribes the C* System hardware as developed over many years. This program was conducted under

N Project No. 7233, “Applications of Biological Principles as Solutions to Air Force Needs in Signal Processing and

Information Handling” and administered initially by the Neurophysiology Branch, then later by the Mathematics
s and Analysis Branch, Biodynamics and Bioengineering Division of the Air Force Aerospace Medical Research
¥ Laboratory, Wright-Patterson Air Force Base, Ohio.
x" The hardware for the C* System was developed and fabricated by Systems Research Laboratories, Inc., Dayton,
¥ Ohio. This work was accomplished under contracts AF33 (615)-5106, F33615-67-C-1887, F33615-69-C-1683,
) F33615-70-C-1557, F33615-72-C-1483, and F33615-76-C-0029.
i The authors express their thanks to the Air Force Institute of Technology for its support in the integration and

preparation of this report.
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: INTRODUCTION

p ,‘ Few would argue with the statement that the tremendous information processing capability of mammalian ner-
vous systems results from the parallel processing of information by highly complex elements called neurons. One
o mainline of neurophysiological research today is the study of mechanisms of information processing exhibited by
2, single neurons and by neural networks of various sizes. The study of neuron networks is an important research area

with many potential Air Force applications. These include speech recognition, speaker verification, pattern
classification, target recognition, and artificial intelligence. One approach to the study of such networks is to
simulate the network on a digital computer. In this arena, one quickly discovers an inverse relationship between
the complexity on one’s neuron model and the size of simulated neural networks that can be analyzed in a tractable
manner. The problem is that even a relatively simple model of the neural transformation, which produces a pulse
train from an analog input signal, requires more computer time than the actual events would require. Since the
events in a network of neurons may occur simultaneously or be fed back on each other, a network with as few as ten
neuron models may easily require two of three orders of magnitude more computing time than the actual physical
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o network would require to perform the same task. A solution to this problem is the use of special hardware neuron
iy models.
o Thus, to simulate reasonable-sized neural networks, it is necessary to use a simulation that permits real-time
parallel processing. To accomplish this, an experimental computer, the C* System, was developed using functional
3 neural models, called syncoders, as the basic computing elements. Each syncoder accepts up to eight inputs, which
2 may be analog signals or pulse trains; and the output of each syncoder is available as both an analog signal and a
*; pulse train. The term “C*” is not used in the traditional military (i.e. command and control) sense; but instead refers
S to a computer that is neither purely analog (“A”) nor purely digital (“D”) but somewhere in between hence, a

b “C™-type computer and one that, in this latest version, has roughly an order of magnitude increase in the number of
functional units over its predecessors.

The principal purpose of this report is to provide detailed hardware descriptions of the components of the C*
1 system. Therefore, little detail is included about the historical development of the syncoder concept or of the
- known information processing capabilities of individual syncoders and networks of syncoders. A complete
> bibliography of publications relevent to syncoder development and operation is included.
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THE SYNCODER CONCEPT

A brief review of syncoder information processing capability is presented here for the convenience of the
uninitiated reader. Figure 1 contains a functional block diagram of a syncoder clearly displaying its various com-
ponents: synapee button, synapee integrator, and encoder. The synapse section of the syncoder accepts any com-
hlnltwnofuptoelghtmlogmgnalsandlorwexghtedpulsetramsandoonvertsthemthroughthesynapsem-
tegrator into an nnalog output signal, S(t). The encoder section of the syncoder converts an analog signal, S(t), into
an output pulse train by continuously comparing S(t) with an exponentially decaying threshold function, T(t), and
producing an output pulse whenever S(t) equals or exceeds T(t). During each output pulse T(t) is reset to its initial
value, B, and is allowed to decay exponentially towards zero volts between pulses. In summary, the synapse section
accepts pulse trains and analog signals and generates one analog output signal, while the encoder converts that
analog output signal into a corresponding pulse train.

SYNAPSE ENCODER
~ — N ~ ~
1ALOG
SYNAPSE M T

N L " INTERGRATOR ~ T(!) out
.
ANALOG ge~l/7e
IN
PULSE
THRESHOLD GENERATOR
Figure 1. Schematic of a Typical Syncoder Circuit
THE SYNAPSE

The output pulse train of one syncoder may be connected to the synapee input of another syncoder through an
switch called the synapee button. The synapse button is conceptually equal to a resistor in a series with a
During the time that the pulse input to a switch is active, the current resulting from the voltage applied to

tlumhz‘ input is summed with other input currents at the summing junction of the operational amplifier, which
feedback capecitor in the synapee integrator. When the pulse input is inactive, the current resulting
bunthmlo'inputnblochdbythomtchuothttbenunoeffectmthe pee integrator. Hence, the
mlo[inpnttouympubumnmybameduawghhngfunchonmdtom&oltheeffectofapuheonthe
following synapee integrator, or the synapse button may be viewed as a gate which permits an analog signal to af-
Mﬁ.mhﬁmﬁtmlyduﬁngﬂnt‘porﬁmofﬁmwhmﬂ\emhempnthacﬁw.

The synapee i tor may be viewed either as a low-pass filter or as a leaky integrator. It sums the currents pro-
duced by up to eight analog signals which may or may not be gated by synapse buttons. In practice, it has been
found convenient to have at least one DC analog input called a biss signal connected directly through a resistor to
each syncoder used in & network. This bias signal can be adjusted so that the encoder does not fire at all in the
sbeence of other input signals, or so that the encoder fires continuously in the absence of other input signals. The
reader who is interested in more detailed discussion of synapee function than that given above is referred to Rock
(1978) and Mather & Henrichon (1971). In summary, the synapse function serves to provide spatial summation of
currents from up to eight different sources, and temporal summation of currents occurring at sequential times.
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THE ENCODER

The encoder operates on the analog output signal of the synapse and generates from it an output pulse train. One
feature of this nonlinear encoding operation is exhibited by the encoder response to a DC input signal, S(t) = S.In
this case, an output pulse is generated each time the exponentially decaying threshold function equals the input
signal and periodic pulse train results. Expressing this with the mathematical relationship S = B fexp{-l/ 7 )} and
rearranging terms, it can be shown that the interpulse interval, I, is a logarithmic function of the input signal
amplitude, S, and the threshold initial value, B, and directly proportional to the threshold decay time constant, 7 .

I = 7 1n(B/S) forS < B

For periodic input signals, S(t) = S(t + T), the encoder generates a periodic output pulse train. Depending upon
the parameters of the encoder and the signal, the pulse train may be periodic with the same period as the input or
integer multiples of the input period. The phenomenon of periodic output pulse patterns phaselocking to sinusoidal
input signals was reported by Ziskin and Mundie (1971). The transient approach to stable phase locking and the
conditions for phase locking to arbitrary periodic input signals were reported by Rock (1973). For the purpose of
this report, the response of an encoder to a periodic input signal is generally not a sequence of uniformly spaced
pulses. It is, rather, a repeating pattern of a finite sequence of pulses.

Because of the nonlinear nature of the syncoder transfer function, there is no general analysis technique for
predicting the output pulse sequence given an arbitrary, nonperiodic input waveform. Since in the natural environ-
ment of information processing, periodic events are the exception rather than the rule, it is necessary to fabricate
syncoders and study their behavior with norperiodic inputs, using hardware devices, rather than to program a
digital computer to simulate mathematical models.

THE C* SYSTEM

The C* System consists of a control system and three large bays with patch panels and the associated circuitry for
programming large syncoder networks. Figure 2 is a photograph of the system showing, from left to right, network
bays 1, 2, and 3, and the control system bay with its teletypewriter in the fo -sground.

»

« [

Figure 2. Primary Hardware Units of the C* System
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Each bay contains 168 syncoder circuits, 576 sample-and-hold circuits, and 6 individual operational amplifier cir-
cuits. The large red, white, green, and gray patch panelsandavmetyofplugableeomponentullowprommmed
interconnection of these circuits to simulate large syncoder networks. The large patch panels are removable so that
several different syncoder networks may be programmed at any one time. The system may be reconfigured simply
bymtuchngmxthemprognmmedpatchpmels

primary function of the control system is to sequence analog voltagee to and from the syncoder network
nmuhhmhayl.Uptol’lzB output voltage channels and up to 512 input voltage channels may be addressed. The
control system contains a PDP-8S computer, input/output (I/0) control logic, and analog signal conditioning cir-
cuits.

The relays on the -hold boards are all connected to the analog output bus of the control system’s out-
put multiplexer digital-to-analog (D-A) converter. Under program control, the PDP-8S can selectively close these
relays one at a time and set a stored voltage in each of the sample-and-hold circuits. In a similar manner, the relays
on the syncoder boards are connected to the analog input bus of the input multiplexer analog-to-digital (A-D) con-
verter. Under program control, the PDP-8S can selectively close theee relays one at a time and record the analog
output :o::ge ohfleach of the syncoder circuits. The converter can be manually set to operate at any resolution bet-
ween 6 12 bits.

There are two main programs for the PDP-8S which are used with the C?* System. SYNSET is the program used to
control syncoder network operation. The program provides for loading voltages into all sample-and-hold circuits, or
anyaﬁntofthan.andformdingtyneoderanalogoutputvoltngesforalloranysuboetofthesynoodersinC’.A
program called DALE, when used with its patch panel, serves to verify operation of all sample-and-hold boards,
syncoder boards, input and output matrix drivers, and A-D and D-A converters. DALE is used to detect and locate
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THE CONTROL BAY

Figure 3 is a block digram of the important elements of the control system. Under program control, the PDP-8S
can load analog voltages into the sample-and-hold circuits in the bays through the output multiplexer, or read and
store the value of the analog output voltage from any syncoder board in the bays through the input multiplexer.
The real-time clocks serve to control the dwell time of the reed relaya used to select the signal source and destina-
tion. The control logic serves to decode binary addresses supplied by the computer and to activate the proper pair of
driver circuits to close one and only one relay in the appropriate relay matrix. The ASR 33 teletypewriter permits
the operator to feed instructions to the PDP-8S and to receive lists of analog voltages measured on network syn-
coders through the input multiplexer. Programs to control system operation may be loaded from magnetic tape
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tape transport unit, from paper tape or frun: the keyboard through the teletypewriter, or manually
PD console switch register. The only system function not under program control is the output
clock. Its period is continuously variable from 5 to 50 milliseconds by means of the rotary
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cables are required to connect the C? controller with the bays. The green multi-wire cable connects J2 (jack number
2) of the control cabinet with the C* output relay matrix. The output relays are located on the sample-and-hold cir-
cuit boards. The orange multi-wire cable connects J1 of the control cabinet to the C* input relay matrix. The input
relays are mounted on syncoder circuits boards and connected to synapee integrator outputs. One twinax cable con-
-4 nects J3 with the C* input relay matrix analog signal bus, the other twinax cable connects J4 with the C* output
3 relay matrix analog signal bus.
- Figure 4 shows the C* control system cabinet. It shows, from top to bottom, the /O control logic status in-
= i dicator panel, a system monitoring oscilloscope, the A-D converter, and the PDP-8S computer.
The top row of 12 lights on the 1/O indicator panel is the output address indicator. It contains a 12-bit binary ver-
X sion of the output addrees register. This addrvess determines which of the 1728 sample-and-hold relays in the net-
work bays is closed. The relays are physically located on the sample-and-hold boards discussed later in this report.
The bays are wired in such a manner that each of the 1728 output relays is located at a junction point within a 27

"
". The interface system control bay is mobile, and may be positioned up to 20 feet from the C? network bays. Four

’§ by 64 area of a 32 by 64 matrix. Figure 5 shows a block diagram of the logic used to convert this binary address into
2d a single relay closure. Each relay junction point is addressable by activation of the appropriate negative and
X positive relay driver lines. The bit positions are labeled O through 11 from left to right with bit O being the most
"% significant bit. In the decoding operation bit 0 is ignored, bits 1 through 5 are decoded into a signal required to ac-

tivate one of the 32 positive line drivers, and bits 6 through 11 are decoded into the signal required to activate one
of the 64 negative line drivers. The 32 positive and 64 negative line drivers are used to activate a diode matrix with
: the relay coils in series with the diodes in such a manner that one relay is closed in the matrix for each address
B generated by the computer. Table 1 contains the overall relationship between the output address (read in octal) and
:i the physical location of the associated sample-and-hold circuit in the C* network bays.
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‘} Table 1. Sample-and-Hold Locations Related to Controller Output Addreases L
OUTPUT ADDRESSES Negative (Bits 6-11) R
* Positive 00 01 02 03 04 05 06 07 ]
(Bits 15) ,
s 00 1a1A_ | 1aB | 1a1ic | 1410 | 1k | 1a1F [ 1416 [ 1a1H R
lg 01 1A38 | 1A3T | 1A3U | 1A3V | 1A3W | 1A3X | 1A3Y | 1A3zZ
02 1B2J | 1B2K | 1B2L | 1B2M | 1B2N | 1B2P | 1B2Q | 1B2R G
03 1c1A | 1c1B | 1cic | 1cip | 1ciE | 1ciF | 1016 | 1c1H %
X 04 1c3s | 1csr | 1csu | 1c3v | 1csw | 1c3x | 1csy | icaz b
;‘,';‘ 05 1D2J 1D2K 1D2L 1D2M 1D2N 1D2P 1D2Q 1D2R ? ~
X 06 1E1A | 1EB | 1Eic | 1EwD | 1EiE | 1EWF | 1E1G | 1EH 23
07 1E38 | 1EsT | 1EsU | 1Esv | 1Esw | 1EsXx | 1Esy | 1Esz :
10 1F2J 1IF2K | 1F2L | 1F2M | 1F2N | 1F2P | 1F2Q | 1F2R 2
1 2A1A | 2a1B | 2A1C | 2A1ID | 2A1E | 2AIF | 2A1G | 2A1H A
e 12 2435 | 2a3r | 2a3u | 2a3v | 243w | 2a3x | 2asy | 2asz o
A 13 2B2J | 2B2K | 2B2L | 2BaM | 2B2N | 2B2P | 2B2Q | 2B2R ——
g 14 2C1A | 2C1B | 201C | 201D | 2CIE | 2CIF | 2C1G | 2CIH o
' 15 2038 | 2C3T | 203U | 203V | 2C3W | 203X | 203y | 2csz o
% 16 2p2J | 202K | 2p2L | 2p2M | 2p2N | 2p2P | 2p2Q | 2DeR N
17 261A | 2E1B | 2Eic | 2EiD | 2EiE | 2E0F | 2E16 | 2RH ,
& 20 2E3S | 2EST | 2ESU | 2E3V | 2ESW | 2E3X | 2E3Y | 2E3z i
§ 21 2F2J 2F2K 2F2L 2F2M | 2F2N 2F2P 2F2Q 2F2R o
22 3A1A | 3a1B | 3a1c | sAwD | 3Am1E | 3AIfF | 3A1G | samH a
% 23 3A38 | 3A3T | 3A3U | sAsv | 3asw | sAsx | sAsy | sam: —
i 24 3B2J 3B2K | 3B2L 3B2M | 3B2N | 3B2P 3B2Q | 3B2R 0
b 25 3C1IA | 3CIB | 3CIC | 3CID | 3CIE | 3CIF | 3C1G | 3CiH o
2 26 scss | scsr | scsu | scav | scsw | acsx | acay | acaz 0
- 27 a3peJ | 3p2k | sp2L | spem | 3peN | sp2p | sp2q | spem =
30 3E1A | 3E1B | SEIC | SEID | SEIE | SEIF | SEIG | 3EIH e
g 31 3E38 | 3EsT | a3EsU | sEsv | sEsw | 3Esx | sEsy | 3Esz o
By 32 3F2J 3F2K | 3F2L 3F2M | 3F2N | 3Fep 3F2Q | 3F2R A
3 U
4
o ‘.‘_-.‘
\b 73 NN
K o
kel S
R
S i
A3 3
% o
12 .
w .-
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Table 1. Sample-and-Hold Locations Related to Controller Output Adresees (Continued)
OUTPUT ADDRESSES Negative (Bits 6-11)

Positive 10 11 12 13 14 15 16 17
(Bits 1-5)

00 1A1J 1A1K 1A1L 1A1M 1AIN 1A1P 1A1Q 1A1R
01 1A4A 1A4B 1A4C 1A4D 1A4E 1A4F 1A4G 1A4H
02 1B2S 1B2T 1B2U 1B2V 1B2W 1B2X 1B2Y 1B2Z
03 1C1J 1C1K 1C1L 1C1M 1C1IN 1C1P 1C1Q 1C1R
04 1C4A 1C4B 1C4C 1C4D 1C4E 1C4F 1C4G 1C4H
05 1D2S 1D2T 1D2U 1D2V 1D2W 1D2X 1D2Y 1D2Z
06 1E1J 1E1K 1E1L 1E1M 1EIN 1E1P 1E1Q 1E1R
07 1E4A 1E4B 1E4C 1E4D 1E4E 1E4F 1E4G 1E4H
10 1F2S 1F2T 1F2U 1F2V 1F2wW 1F2X 1F2Y 1F2Z
11 2A1J 2A1K 2A1L 2A1M 2A1IN 2A1P 2A1Q 2A1R
12 2A4A 2A4B 2A4C 2A4D 2A4E 2A4F 2A4G 2A4H
13 '2B2S 2B2T 2B2U 2B2V 2B2W 2B2X 2B2Y 2B2Z
14 2C1J 2C1K 2C1L 2C1IM 2CIN 2C1P 2C1Q 2C1IR
15 2C4A 2C4B 2C4C 2C4D 2C4E 2C4F 2C4G 2C4H
16 2D28 2D2T 2D2U 2D2V 2D2W 2D2X 2D2Y 2D2Z
17 2E1J 2E1K 2F1L 2E1M 2EIN 2E1P 2E1Q 2E1IR
20 2E4A 2E4B 2E4C 2E4D 2E4E 2E4F 2E4G 2E4H
21 2F28 2F2T 2F2U 2F2V 2F2W 2F2X 2F2Y 2F2Z
22 3A1J 3A1K 3A1L 3AIM 3AIN 3A1P 3A1Q 3A1R
23 3A4A | 3A4B 3A4C 3A4D 3A4E 3A4F 3A4G 3A4H
24 3B2S 3B2T 3B2U 3B2V 3B2W 3B2X 3B2Y 3B2Z
25 3C1J 3C1K 3C1L 3C1IM 3CIN 3C1P 3C1Q 3C1R
26 3C4A 3C4B 3C4C 3C4D 3C4E 3C4F 3C4G 3C4H
27 3D28 3D2T 3D2U 3D2V 3D2W 3D2X 3D2Y 3D2Z
30 3E1J 3E1K 3E1L 3EIM 3EIN 3E1P 3E1Q 3EIR
31 SE4A 3E4B 3E4C 3E4D 3E4E 3E4F 3E4G 3E4H
32 3F28 3F2T 3F2U 3F2V 3F2W 3F2X 3F2Y 3F2Z
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] Table 1. Sample-and-Hold Locations Related to Controller Output Adresses (Continued) R
OUTPUT ADDRESSES Negative (Bits 6-11) s
Positive 20 21 22 23 24 25 26 27
Bits 1-5)
) 00 1A18 1AIT | 1AW | 1Awv | 141w | 1A1X | 1A1Y | 1A1Z
} 01 1AM | 1A4K | 1AL | 1AeM | 1aeN | 1a4P | 1a4q@ | 1AaR
; 02 1B3A | 1BSB | 1B3C | 1B3D | 1B3E | 1B3F | 1B3G | 1B3H
03 wis | war | wcw | v | wiaw | wax | way | 1z
! 04 104 | 104k | 1caL | 1caM | 10aN | 1caPp | 1c4Q | 104R
} 06 1D3A | 1p3B | ipsc | ipspD | 1Dse | ipsF | 1psG | 1DsH
06 1IE1IS | 1E1T | 1EwW | 1Ewv | 1w | 1E1X | 1E1Y | 1E12
07 1E4J | 1E4K | 1EAL | 1E4M | 1E4N | 1E4P | 1E4Q | 1E4R
& 10 IFSA | 1F3B | 1F3C | 1F3D | 1FSE | 1FSF | 1F3G | 1F3H
3 11 2418 | 2a1T | 2a1w0 | 2a1v | 2a1w | 2a1x | 2a1y | 2a1z
3 12 2A4 | 2M4K | 2a4L | 2a4M | 284N | 2a4P | 244 | 2a4R
) 13 2B3A | 2B3B | 2B3C | 2B3D | 2B3E | 2B3F | 2B3G | 2B3H
5 14 2c18 | 2c1T | 201U | 2cav | 2c1w | 2c1x | 2c1y | 201z
3 15 2c4J | 204K | 2c4a | 2cam | 2can | 204 | 2c4q@ | 2caR
; 16 2D3A | 2D3B | 2p3C | 2D3D | 2D3E | 2DsF | 2D3G | 2D3H
17 2E1S | 2EIT | 2E1U | 2EIV | 2EIW | 2E1X | 2F1Y | 2F1Z
20 2F4J | 2B4K | 2EaL | 2EaM | 2B4aN | 2E4p | 2R4q | 2E4R
) 21 9F3A | 2F3B | 2F3C | 2F3D | 2FSE | 2FSF | 2F3G | 2F3H
] 22 318 | sA1T | 3a1v | saiv | saiw | saix | saiy | saz
23 3A4J | 3AdK | 3A4L | 3aeM | 3a4N | 3a4P | 3a4Q | 3AdR
¢ 24 3B3A | 3B3B | 3B3c | 3Ba3D | 3B3E | 3B3F | 3B3G | 3B3H
y 25 sc1s | scir | scww | scv | scaw | scix | sciy | sciz
’ 26 3c4J | 3C4K | 3caL | 3cam | 3caN | 3ceP | 3c4qQ | 3C4R
~ 27 3D3A 3D3B 3D3C 3D3D 3D3E 3D3F 3D3G 3D3H
4 30 3E1S 3EIT 3E1U 3E1V 3E1W 3E1X 3E1Y 3E1Z
; 31 3E4J | BE4K | SE4L | SE4M | BE4N | 3E4P | 3E4Q | 3E4R
:~ 32 3F3A | 3F3B | 3FSC | 3F3D | 3FSE | 3FSF | 3F3G | 3FsH
3
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Table 1. Sample-and-Hold Locations Related to Controller Output Adresses (Continued)

OUTPUT ADDRESSES Negative (Bits 6-11)
Positive 30 31 32 33 34 35 36 37
(Bits 1-5)

00 1A2A | 1A2B | 1a2c 1A2D | 1A2E | 1AZF 1A2G | 1A2H
01 1A48 1A4T 1AU | 1a4Vv | 144w | 1A4X | 1a4Y | 1442
02 1B3J 1B3K 1B3L 1B3M 1B3N 1B3P 1B3Q 1B3R
03 1C2A | 1C2B 1C2C 1C2D 1C2E 1C2F 102G 1C2H
04 1C48 1C4T 1C4U | 1cav | 1caw | 104X 1C4Y 1C4Z
06 1D8J ID3K | 1DSL 1DsM | 1D3N | 1D3P 1D3Q | 1D3R
08 1E2A | 1E2B 1E2C 1E2D 1E2E 1E2F 1E2G 1E2H
07 1E4S 1EAT 14U | 1Eev | 1EaW | 1EaX 1E4Y 1E4Z
10 1F3J 1F3K 1F3L 1IF3M | 1F3N 1F3P 1F3Q 1F3R
1 2A2A | 2A2B | 2Aa2c | 2A2D | 2A2E | 2a2F | 2a26 | 2AcH
12 2048 | 2a4T | 244U | 2a4v | 2aew | 2a4x | 244y | 2a4z
13 2B3J 2B3K | 2B3L | 2B3M | 2B3N | 2B3P 2B3Q | 2B3R
14 2C2A | 202B | 2c2c 22D | 2C2E 2C2F 2c2G | 2coH
16 2048 2C4T 2c4U | 2c4v | 2caw | 2c4x | 204y | 2c4z
16 2D3J 2DSK | 2DsL | 2psM | 2DsN | 2DsP | 2p3Q | 2D3R
17 2E2A | 2F2B | 2E2C 2F2D | 2E2E 2EQF 2E2G | 2E2H
20 2E4S QFAT | 2E4U | 2BE4v | 2E4wW | 2E4X | 2E4Y | 2E4z
21 2F3J 2FSK | oFaL 2F3M | 2F3N | 2F3p 2F3Q 2F3R
22 SA2A | 3A2B | 3a2c | 3A2D | 3A2E | 3A2F | 3A2G | s3azH
23 SA4S | SAMT | 3AU | 3Aev | 3A4W | 3a4x | 3A4Y | 3A4z
24 3B3J 3B3K | 3B3L 3B3M | 3B3N | 3B3P | 3B3Q 3B3R
25 3C2A | 3C2B 3C2C 3c2D | 3C2E 3C2F 3C2G | 3C2H
26 3C48 3CAT 3c4U | 3cav | 3caw | 3cax | 3cay | 3caz
27 3D3J SDSK | 3p3L | 3DsM | 3D3N | 3p3p 3D3Q | 3D3R
30 3E2A | 3E2B | sE2C 3E2D | S3E2E 3E2F 3E2G | 3E2H
31 3E4S 3EAT 3E4U | 3E4V | 3E4W | SE4X | 3E4Y | 3E4z
32 3F3J 3F3K | 3F3L 3F3M | 3F3N | 3F3p 3F3Q 3F3R
16
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Table 1. Sample-and-Hold Locations Related to Controller Qutput Adresses (Continued)

.......

................

OUTPUT ADDRESSES Negative (Bits 6-11)

Positive 40 41 42 43 44 45 46 47
(Bits 1-5)

00 1A2J 1A2K 1A2L 1A2M 1A2N 1A2P 1A2Q 1A2R
o1 1B1A 1B1B 1B1C 1B1D 1B1E 1B1F 1B1G 1B1H
02 1B3S 1BST 1BSU 1B3V 1B3W 1B3X 1B3Y 1B3Z
03 1C2J 1C2K 1C2L 1C2M 1C2N 1C2P 1C2Q 1C2R
04 1D1A 1D1B 1D1C 1D1D 1D1E 1DIF 1D1G 1D1H
05 1D3S 1D3T 1D3U 1D3V 1D3W 1D3X 1D3Y 1D3Z
06 1E2J 1E2K 1E2L 1E2M 1E2N 1E2P 1E2Q 1E2R
07 1F1A 1F1B 1F1C 1F1D 1F1E 1F1F 1F1G 1F1H
10 1F3S 1F3T 1F3U 1F3V 1F3W 1F3X 1F3Y 1F3Z
11 2A2J 2A2K 2A2L 2A2M 2A2N 2A2P 2A2Q 2A2R
12 2B1A 2B1B 2B1C 2B1D 2B1E 2BIF 2B1G 2B1H
13 2B3S 2B3T 2B3U 2B3V 2B3W 2B3X 2B3Y 2B3Z
14 2C2J 2C2K 2C2L 2C2M 2C2N 2C2P 2C2Q 2C2R
16 2D1A 2D1B 2D1C 2D1D 2D1E 2D1F 2D1G 2D1H
16 2D38 2D3T 2D3U 2D3V 2D3W 2D3X 2D3Y 2D3Z
17 2E2J 2E2K 2E2L 2E2M 2E2N 2E2P 2E2Q 2E2R
20 2F1A 2F1B 2F1C 2F1D 2F1E 2F1F 2F1G 2F1H
21 2F38 2F3T 2F3U 2F3V 2F3W 2F3X 2F3Y 2F3Z
22 3A2J 3A2K 3A2L 3A2M 3A2N 3A2P 3A2Q 3A2R
23 3B1A 3B1B 3B1C 3B1D 3B1E 3BIF 3B1G 3B1H
24 3B3S 3B3T 3B3U 3B3V 3B3W 3B3X 3B3Y 3B3Z
25 3C2J 3C2K 3C2L 3C2M 3C2N 3C2P 3C2Q 3C2R
26 3D1A 3D1B 3D1C 3D1D 3DI1E 3D1F 3D1G 3D1H
27 3D38 3D3T 3D3U 3D3V 3D3W 3D3X 3D3Y 3D3zZ
30 3E2J 3E2K 3E2L 3E2M 3E2N 3E2P 3E2Q 3E2R
31 3F1A 3F1B 3F1C 3F1D SF1E 3F1F 3F1G 3F1H
32 3F3S 3F3T 3F3U 3F3V 3F3W 3F3X 3F3Y 3F3Z
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OUTPUT ADDRESS Negative (Bits 6-11)
it 50 51 52 53 54 55 56 57
(Bits 1-5)
00 1428 | 1421 | 1a20 | 149V | 1aew | 1aex | 1azy | 1a2z
01 1BlJ | 1BIK | 1BiL | 1BIM | 1BIN | 1B1P | 1B1Q | 1BIR
02 1B4A | 1BB | 1Bec | 1BaD | 1B4E | 1BeF | 1BaG | 1BaH
03 1c28 | 1c2r [ iceu | 1cev | acew | 1c2x | icey | 1cez
04 1Y | K | L | M| aN [ e | 1piQ | 1pir
05 14A | 4B | pac | 104D | 14 | per | 146 | 1pem
08 1E28 | 1Eer | 1E2v | 1Eev | 1mew | imex | 1mey | iEez
07 wJ | K | mL | wmM | N | e | g | 1mR
10 1A | 1B | 1rac | 1FaD | raE | 1reF | 1rac | 1em
11 2428 | 2427 | 242U | 242v | 249w | 2a2x | 242y | 242z
12 2810 | 281K | oBiL | 2BiM | 28N | 281 | 2B1Q | 2BiR
13 9B4A | 2B4B | 2B4c | 2BaD | 2B4E | 2B4F | 2BaG | 2Bam —
14 2C28 | 2C2T | 202U | 202V | 202W | 202X | 202Y | 2022 ey
15 201J | 2D1K | 201L | 201M | 2DiN | 2p1P | 20$1Q | 2D1R it
16 2D4A | 2D4B | 2D4C | 2D4D | 2D4E | 2D4F | 2D4G | 2D4H 3
17 2E2S | 2EeT | 2meU | 2E2v | oEew | 2EeX | 2meY | 2E2Z -
20 2F1J 2F1K 2F1L 2F1IM 2FIN 2F1P 2F1Q 2FIR Oy
21 oF4A | o2FB | 2FaC | 2Fap | 2raE | 2FeF | 2rac | 2mam R
22 3A28 | 3A2T | 3A2u | 3Aav | saew | saex | sasy | sam DN
23 381J | 3Bk | sBiL | seiM | sBIN | smip | sBiQ | sBIR —
2 S3B4A | 3B4B | 3BAC | 3B4D | SB4E | 3B4F | 3B4G | 3B4H s
2 acz8 | acer | sczu | acev | scew | scex | scey | acez X
26 a01J | spik | spiL | spam | soiN | spip | spiQ | spir
27 3D4A | 3D4B | 3p4c | 3D4D | sD4E | 3paF | 3D | apam
30 sE28 | 3EerT | smu | sEv | sEew | sEeX | sEey | 3Eez R
81 sFlJ | sFK | smL | sFM | shIN | smp | smq | sFR RO
32 SF4A | 3F4B | 3F4C | 3FaD | 3F4E | 3F4F | 3F4G | 3F4H R
e x
b
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Table 1. Sample-and-Hold Locations Related to Controller Qutput Adresses (Continued)

Negative (Bits 6-11)
62 63 64 65 66

1A3C 1A3D 1A3E
1B1V
1B4L 1B4M
1C3D
1D1V
1D4M
1E3D
1F1V
1F4M
2A3D
2B1V
2B4M
2C3D
2D1vV
2D4M
2E3D
2F1V
2F4M
3A3D
3B1V
3B4M
3C3D
3D1vV
3D4M
3E3D
3F1V
3F4M

16
17
20
21
22
23
24
25
26
27
30
31
32




Table 1. Sample-and-Hold Locations Related to Controller Output Adresses (Continued)

OUTPUT ADDRESSES Negative (Bits 6-11)

Positive 70 n 72 73 4 75 76 77
(Bits 1-5)

00 1A3J 1A3K 1A3L 1AM | 1A3N 1A3P 1A3Q 1A3R
01 1B2A 1B2B 1B2C 1B2D 1B2E 1B2F 1B2G 1B2H
02 1B4S 1BAT 1B4U 1B4V 1B4W | 1B4X 1B4Y 1B4Z
03 1C3J 1C3K 1C3L 1C3M 1C3N 1C3P 1C3Q 1C3R
04 1D2A 1D2B 1D2C 1D2D 1D2E 1D2F 1D2G 1D2H
06 1D4S 1D4T 1D4U 1D4V 1D4W | 1D4X 1D4Y 1D4Z
06 1E3J 1E3K 1E3L 1ESM 1E3N 1E3P 1E3Q 1E3R
07 1F2A | 1F2B 1F2C 1F2D 1F2E 1F2F 1F2G 1F2H

1F48

1F4T

1F4U

1F4V

1F4W

1F4X

1F4Y

1F4Z

11 2A3J 2A3K 2A3L 2A3M 2A3N 2A3P 2A3Q 2A3R
12 2B2A 2B2B 2B2C 2B2D 2B2E 2B2F 2B2G 2B2H
13 2B4S 2B4T 2B4U 2B4V 2B4W 2B4X 2B4Y 2B4Z
14 2C3J 2C3K 2C3L 2C3M 2C3N 2C3P 2C3Q 2C3R
16 2D2A 2D2B 2D2C 2D2D 2D2E 2D2F 2D2G 2D2H
16 2D48 2D4T 2D4U 2D4V 2D4W 2D4X 2D4Y 2D4Z
17 2E3J 2E3K 2E3L 2E3M 2E3N 2E3P 2E3Q 2E3R
20 2F2A 2F2B - 2F2C 2F2D 2F2E 2F2F 2F2G 2F2H
21 2F4S 2F4T 2F4U 2F4V 2F4W 2F4X 2F4Y 2F4Z
22 3A3J 3A3K 3A3L 3A3M 3A3N 3A3P 3A3Q 3A3R
23 3B2A 3B2B 3B2C 3B2D 3B2E 3B2F 3B2G 3B2H
24 3B4S 3B4T 3B4U 3B4V 3B4W 3B4X 3B4Y 3B4Z
26 3C3J 3C3K 3C3L 3C3M 3C3N 3C3P 3C3Q 3C3R
26 3D2A 3D2B 3D2C 3D2D 3D2E 3D2F 3D2G 3D2H
27 3D48 3D4T 3D4U 3D4V 3D4W 3D4X 3D4Y 3D4Z
30 3E3J 3E3K 3E3L 3E3M 3E3N 3E3P 3E3Q 3E3R
31 3F2A 3F2B 3F2C 3F2D 3F2E 3F2F 3F2G 3F2H
32 3F48 3F4T 3F4U 3F4V 3F4W 3F4X 3F4Y 3F4Z
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The row of eight lights below the output addrees indicator is the D-A converter indicator. It shows an 8-bit binary
number equal to the contents of the D-A converter register. Table 2 contains the conversion between values of this
binary number and the analog output voltage which may be any one of 265 levels between + 10 and — 10 volts.

Table 2. Representative Digital-to-Analog Conversions for Sample-and-Hold Voltages

Displayed No. Displayed No.

in Octal Voltage in Octal Voltage

000 0.000 200 +10.000

001 -0.079 201 +9.921

002 -0.157 202 +9.843

007 ~0.551 207 + ;.449

010 ~0.630 210 +9.370

011 -0.709 211 +9.201

077 ~ 4961 277 +5.039

100 ~5.039 300 +4.961

101 -5.118 301 +4.882

176 ~9.843 3715 + 6:157

176 -9.921 376 +0.079

177 -10.000 3717 0.000
The row of nine lights at the bottom of the /0 indicator panel is the binary input addrees indicator. It conasists of
bits 3 through 11 of the input address register. This address determines which one of the 504 syncoder circuit
relays is closed. Each relay allows the analog output of syncoder to be sampled. These relays are physically located
on the syncoder boards. The bays are wired in such a maner that each relay effectively lies at a junction point of an

- ]
8.

64 matrix. The logic used to convert this binary address into a single relay closure is gimilar to that used for
the output address decoding. Bits 3, 4 and 5 are decoded into the a signal required to activate one of the 8 positive
line drivers. Bits 6 through 11 are decoded into a signal required to activate one of the 64 negative line drivers. An
8 by 64 diode matrix with relay coils at all but 8 croes points is then used to permit the output of any one of the 504
synapee integrators in C? to be connected to the A-D converter. Table 3 decodes the binary input address indication
(read in octal) into the syncoder physical location in the bays. The value of the analog signal sampled through the
input matrix is converted by the A-D converter and the corresponding binary number is displayed by a row of 12 in-
dicator lamps on the front panel of that unit. These binary numbers can be stored by the PDP-8S and recalled from
memory under program control. Table 4 shows octal numbers resulting from some analog voltage input values.
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E- Table 3. Syncoder Locations Related to Controller Input Addresses

ol

L INPUT ADDRESSES Positive (Bits 3-5)

: Negative 00 01 02 03 04 05 06 07
(Bits 6-11) »

o 00 1A1 1C9 1E17 | 2A25 | 2D5 2F13 | 3B21 | 3E1 o

3¢ 01 1A2 1C10 | 1E18 | 2A2 [ 2D6 2F14 | 3B22 | 3E2 s

b 02 1A3 1c11 | 1E19 | 2a27 | o7 2F15 | 3B2s | 3Es T3
03 1A4 1012 | 1E20 | 2428 | 208 9F16 | 3B24 | 3E4 =

i 04 1A5 1C13 1E21 2B1 2D9 2F17 3B25 3E5 o

2 05 1A6 1C14 1E22 2B2 2D10 2F18 3B26 3E6 ':';Ej::;:‘

; 06 1A7 1C15 1E23 2B3 2D11 2F19 3B27 3E7 P
07 1A8 1C16 | 1E24 | 2B4 2D12 | 2F20 | 3B28 | 3Es

il 10 1A9 1C17 | 1E25 | 2Bs 2D13 | 2F21 | sc1 3E9

w 11 1A10 1C18 1E26 2B6 2D14 2F22 3C2 3E10

o 12 1A11 | 119 | 1E27 | 2B7 2D15 | 2F23 | 3c3 3E11

¢ 13 112 | 1020 | 1Ee8 | 2Bg 2D16 | 2F24 | 3c4 3E12

™ 14 1A18 | 1c21 [ 1M 2B9 2D17 | 2oF25 | 3c5 3E13

e 15 1A14 | 1022 | 1F2 2810 | 2D18 | 2F26 | 3C6 3E14

16 1A15 | 1C23 | 1F8 2B11 | 2p19 | 2F27 | 307 3E15

i 17 1A16 | 1C24 | 1F4 2B12 | 2D20 | 2oFes | 3c8 3E16

. 20 1A17 | 1026 | 1F5 2B13 | 2p21 | 3A1 3C9 3E17

N 21 1A18 | 1C26 | 1F6 2B14 | 2022 | 3A2 3cl0 | 3E18

22 1A19 | 1c27 | 1F7 | 2B15 | 2p2s | 3A3 | scu | sEie

» 23 1A20 | 1c28 1F8 2B16 | 2D24 | 3A4 3C12 3E20

‘ 24 1A21 | 1d1 1F9 2B17 | 2D265 | 3A5 3C13 | 3E21

& 25 1a22 | 12 1F10 | 2B18 | 2D26 | 3A6 3C14 | sE22

26 1A23 | 1D3 1F11 | 2B19 | 2D27 | 3A7 3C15 | 38E23

- 27 1A24 | 1D4 1F12 | 2820 | 2p28 | 3as 3C16 | 3E24

: 30 1A26 | 1Ds 1IF13 | 2B21 | 2E1 3A9 3c17 | 3E25

i3 31 1A26 | 1De IF14 | 2B22 | 2E2 3A10 | 3c18 [ 3E26

3 32 1A27 1D7 1F15 2B23 2E3 3A11 3C19 3E27

X 33 1A28 1D8 1F16 2B24 2E4 3A12 3C20 3E28

\ 34 1B1 1D9 1F17 | 2B26 | 2E5 3A13 | aca1 | sm

M 35 1B2 1D10 1F18 2B26 2E6 3A14 3C22 3F2

b4 38 1B3 D11 | 1Fe | 2B27 | 2E7 3A15 | 3C23 | 3F3

5 » 1B4 | 1012 | 1F0 | 2828 | 2ES | 3A16 | 3c24 | 3F4
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Table 3. Syncoder Locations Related to Controller Input Addresses (Continued)

INPUT ADDRESSES Positive (Bits 3-5)
Negative 00 01 02 03 04 05 06 07
(Bits 6-11)
40 1B6 1D13 1F21 2C1 2E9 3A17 3C25 3F5
41 1B6 1D14 1F22 2C2 2E10 3A18 3C26 3F6
42 1B7 1D15 1F23 2C3 2E11 3A19 3C27 3F7
43 1B8 1D16 1F24 2C4 2E12 3A20 3C28 3F8
44 1B9 1D17 1F25 2C5 2E13 3A21 3aD1 3F9
45 1B10 1D18 1F26 2C6 2E14 3A22 3D2 3F10
46 1B11 1D19 1F27 2C7 2E15 3A23 3D3 3F11
47 1B12 1D20 1F28 2C8 2E16 3A24 3D4 3F12
50 1B13 1D21 2A1 2C9 2E17 3A25 3D5 3F13
51 1B14 1D22 2A2 2C10 2E18 3A26 3D6 3F14
52 1B15 1D23 2A3 2C11 2E19 3A27 3D7 3F15
53 1B16 1D24 2A4 2C12 2E20 3A28 3D8 3F16
54 1B17 1D25 2A5 2C13 2E21 3B1 3D9 3F17
55 1B18 1D26 2A6 2C14 2E22 3B2 3D10 3E18
56 1B19 1D27 2A7 2C15 2E23 3B3 3D11 3F19
57 1B20 1D28 2A8 2C16 2E24 3B4 3D12 3F20
60 1B21 1E1 2A9 2C17 2E25 3B5 3D13 3F21
61 1B22 1E2 2A10 2C18 2E26 3B6 3D14 3F22
62 1B23 1E3 2A11 2C19 2E27 3B7 3D15 3F23
63 1B24 1E4 2A12 2C20 2E28 3B8 3D16 3F24
64 1B26 1E6 2A13 2C21 2F1 3B9 3D17 3F25
65 1B26 1E6 2A14 2C22 2F2 3B10 3D18 3F26
66 1B27 1E7 2A15 2C23 2F3 3B11 3D19 3F27
67 1B28 1E8 2A16 2C24 2F4 3B12 3D20 3F28
70 1C1 1E9 2A17 2C25 2F5 3B13 3D21
71 1C2 1E10 2A18 2C26 2F6 3B14 3D22
72 IC3 1E11 2A19 2C27 2F7 3B15 3D23
73 1C4 1E12 2A20 2C28 2F8 3B16 3aD24
74 1C5 1E13 2A21 2D1 2F9 3B17 3D25
76 1C6 1E14 2A22 2D2 2F10 3B18 3D26
76 1C7 1E15 2A23 2D3 2F11 3B19 3D27
77 1C8 1E16 2A24 2D4 2F12 3B20 3D28
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Table 4. Representative Analog-to-Digital Conversions for Syncoder Voltages Tl

Voltage Octal Number o
+10 4000
+9 4314
+8 4632
+7 5146
+6 5462
+5 6000
+4 6314
+3 6632
+2 7146
+1 7462
0 0000
-1 0314
-2 0632
-3 1146
-4 1462
-5 2000
-6 2314
-1 2632
-8 3146
-9 3463
-10 3117

THE NETWORK BAYS

The C* System also consists of three large network bays labeled left to right, Bay 1, Bay 2, and Bay 3. The bays
are identical except that the power supplies and power switches for all three are located in Bay 1.

Each bay has three basic external parts—a large red, white, green, and gray removable patch panel, a small black
patch panel, and a neon light display, all mounted on the front face of a large pull-out drawer containing the circuit
boards. The light display and the two patch panels in a given bay all correspond to the same set of syncoders.

THE LARGE PATCH PANELS

Each large patch panel has six sections, A through F, arranged as shown in Figure 6. Each section is identical to
the one shown in Figure 7 and contains syncoder areas, sample-and-hold locations, inter-bay connection locations,
and access to an extra operational amplifier.

SYNCODER AREAS

There are 28 syncoder areas in each section. On the patch panel, they look like the one drawn in Figure 8. They
are arranged in four rows of six followed by a row of four. The syncoders are referenced by the following scheme-
“Bay Number”, “Section Letter”, “Syncoder Number”. The syncoders in each section are numbered sequentially, 1
though 28. For example, “2A6” refers to the sixth syncoder area (last one in the first row) of the A section in Bay 2.
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Figure 6. A large Patch Panel
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Figure 7. A Single Patch Panel Section
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The green holes access the summing junction of the initial amplifier stage. The white holes are wired to the out-
put of the synapse section (an analog signal), which is also the input to the encoder section, while the red holes are
the termination of the (pulse) output signal from the encoder section. The gray holes are tied to the system ground.

[ SAMPLE-AND-HOLD LOCATIONS

The seven rows of alternating green and white holes just below the 28 syncoders are assigned to sample-and-hold
circuits. A PDP-8 program, SYNSET, with teletype input can provide voltages to be stored on these sample-and-
- hold boards. These sample-and-hold locations can be patched to the summing junction of any syncoder to supply a

- fixed voltage as a bias voltage or a weighting voltage for a pulse train. The scheme for referencing the sample-and-
S hold locations is described here and shown in Figure 9. Each vertical pair of dots has a row number (one through
three) in the left hand edge of the row. Row 4 has a single row of holes. Each of the 24 positions along the row has a
2 letter assigned to it (“A” through “Z”, with “I” and “O” omitted). Each location (vertical pair) may be referenced as
f follows - “Bay Number”, “Section Letter”, “Row Number”, and “Letter”. For example, 2A1C refers to Bay 2, Section
A, first row, third vertical pair. In this area the two different colors (white and green) serve only to discriminate
o one sample-and-hold location from its adjacent neighbors.
:Q ’/GREEPJ/-WHII/‘E/GREEN
< , s ]
B -~ g
v SIolCoRRIOIRICR
1BE 8 € .
i ) (
OO0 Q%QOQQ
o 4 e — \
3l l ~ /
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e 20 a | 8 o 0 L G
v N
_1010/010101010]10]0[0
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. 3 A B8 c D 3 F ‘ G H J X
O|0|010|0]0]010]|0]10
GREEN
IQIQQIQIQIDIQIQIQIR 2
.. /QA_ i N ) H Q K
3 WHITE _/ GREEN
- Figure 9. A Portion of the Sample-and-Hold Locations Area

INTER -BAY CONNECTION LOCATIONS

In between the syncoder and sample-and-hold areas are the inter-bay connection locations shown in Figure 10.
All the red holes are wired to jacks on the back of each bay, with portions of two different jacks connected to each
section. The two subareas are differentiated on the patch panel as a set of 24 “vertical” holes (4 columns of 6 holes)
and 16 “horizontal” holes (4 groupe of 4). The gray holes are system ground connections, which can be easily paired
with the vertical holes using dual patch-panel plugs.

All the inter-bay connection locations (red holes) from the large patch panel terminate in five 50-pin jacks,
although only 48 pins are used on each connector. The 48 vertically arrayed red holes in sections A and D in each
b bay are wired to J10 on the back of the bay. J10 is also hardwired to the small patch panel as described in the next

$os 8 e
PR

~ vection. The 48 vertical red holes in sections B and E are wired to J11 and thosee in sections C and F are wired to
N J12. The 48 horizontal red holes in sections A, D and B are wired to J13 and those in sections E, C and F to J14.
1 Table § contains the above information in tabular form. Cables are used to connect one jack to any other Jack on
2 :zh bay (including another jack on the same bay). This is the primary way in which the bays a communicate with

.
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INTER-BAY CONNECTION HOLES:

(® "HORIZONTAL" — GROUP HOLES
) @ "VERTICAL" — GROUP HOLES

® SYSTEM GROUND HOLES

Figure 10. A Representative Inter-Bay Connection Locations Area

; Table 5. Inter-Bay Connections

N

N Type Section Jack Number

, Vertical AD J10°

& Vertical B,E J11

. Jb

X Vertical C,F J12

Horizontal AD,B J13

& Horizontal E,C,F J14

“.l
- * Also hardwired to the small (black) patch panel

*-.

2

2

. EXTRA OPERATIONAL AMPLIFIER AREA

Ay The bottom row of holes in each section accesses an extra operational amplifier (op amp), which can be used for
;} increasing the fan-out capability of a selected syncoder output or for general analog signal processing. As with the
s syncoder areas, the green holes are the summing junction input, and the white holes are connected to the op amp
- output.
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i THE SMALL PATCH PANELS

, On the left-hand side of each bay, below the large patch panel, is a small black patch panel. It is not removable,
% but accepts the same type connectors as the large patch panel. As can be seen in Figure 11, it has only three types of
¥ holes: syneoder pulse outputs, extra operational amplifier summing junction inputs, and a limited set of inter-bay

connection holes.

SYNCODER PULSE OUTPUT HOLES

The small patch panel provides the pulse output of each syncoder for monitoring. The top portion (rows A
through Q) is arranged like a miniature version of the large patch panel. One hole corresponds to the pulse output
of each syncoder. Holes 2, 5, 8, and 11 in rows E, K, and Q, which correspond to the inter-bay connection locations
area on the large patch panel, are not pulse output holes.

EXTRA OPERATIONAL AMPLIFIER SUMMING JUNCTION INPUT HOLES
Holes 2, 5, 8, and 11 in rows E, K, and Q provide 2 more inputs to the summing junction of the extra operational
amplifier for each section. These holes are designated with an “X” in Figure 11.

INTER-BAY CONNECTION HOLES

Rows R through W are wired to inter-bay connection jacks on the back of the bay. Columns 1, 2, 3 and 12 are con-

nected to J9. These 24 pins, specified in Figure 11, are the only pins of J9 in use. Columns 4 through 11 are con-

2 nectpdbothtoJlligrandalsotothe“verﬁcd"inter-bay connection holes in sections A and D of the large patch panel,
‘ as discuseed earlier.
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7 NEON LIGHT DISPLAY PANELS
‘:;;' The neon light display panel, located just below the large patch panel on each bay, has a single neon light to
Y represent the pulse output of each syncoder (1 through 28) in each section (A through F). The lights, represented by
circles in Figure 12, are arranged in the same order as are the syncoder areas on the large patch panel.
g 000
SECTION A 000 SECTION D
, 000
000
S
3 SECTION B 0000 SECTION E
33 O
. 0000
: 0000
g SECTION C O 000000 Q000O| SsECTION F
‘ 00000000000
X od ol ool 1o
Figure 12. The Neon Light Display Panel
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CARD FILE RACKS

As mentioned earlier, the patch panels of each bay are actually mounted on the front of a large pull-out drawer
fmmhmpdfrm(monuchdda),uchmmmngmenmwsofmrdmounhngracks (Each of the
card file rows has slots for 17 circuit boards except rows A, B, C, D, E, and F of bay 1, which have 16 slots.) Most of

o

ﬂndmnibdtheC'Smemdmnithhichminmtadinthmmrdfﬂemch.FigurelSshowsa
front view of & bay with the drawer pulled out and the card file doors opened.
TOP
A.?
’l' ; RACK PATCH RACK
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¢ A — . . SAMPLE - AND-
- SYNCODER | R « HOLD BOARDS
7 BOARDS c F
o ¢ L
by \ J
! 16— f———ei?
FRONT VIEW — DRAWER OPENED
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THE C* SYNCODER CIRCUITS

At the time of this writing, there are five circuit implementations of the syncoder principles in use with the C*
syncoder network simulator. The five versions, called Mod 1 through Mod 6 respectively, represent a continuing
engineering development effort aimed at increasing performance and reducing cost. This section brings together in
a single concise reference all operation and maintenance data available on these circuits. Although the Mod 1 and
Mod 2 boards were described by Gruenke and Mundie (1968), their descriptions are repeated here for completeness.

For each circuit, there is a circuit diagram, a parts list, labled photographs showing both sides of the board, a
commentary on circuit function, and a step-by-step checkout procedure which can be used for maintenance pur-
poses. At the end of this section is a listing of the significant information proceesing features of each design. This
permits a C* programmer to pick that version of the syncoder implementation which bests suits the information
processing task at any point in an arbitrary syncoder network.

Each syncoder circuit board contains two circuits, identified as A and B. (Circuit A occupies the left half of the
board looking at the component side with the connector at the bottom.) Thus, each syncoder location on a front
panel corresponds to one half of a syncoder circuit board, and the boards for the 28 syncoders in each section of a
patch panel are located in the first 14 slots of the correspondingly lettered card file row. Figures 14 and 15 show
thl:n relationship between patch panel locations and card file locations for a representative section from each half of
a bay.

ALL PATCH PANEL SECTIONS (A—F)

BOARD No.
i r——CIRCUIT DESIGNATION

I A I8 2A 28 3A 3B
[ 2 3 4 5 6
4A 48 5A 58 6A 68
7 8 9 10 " 12
7A 78 8A 88 9 A 98
13 14 IS i6 17 I8
10 A 108 1A 1x: 12 A 128
T) 20 21 22 23 24
13 A 138 14 A 14 8
25 26 27 28

/

LSYNCODER No.
Figure 14, Syncoder Circuit Identifications as a Function of Patch Panel Location
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'i CARD FILE ROWS A,BAC
'y SYNCODER No.
1 F
' R
o o)
19 28126 24| 22|1201 18| 16] 141 12]10]|8 |6 | 4| 2] B f;l_
e 2
¢ 2
2726|2321 | 19] 17115]13] 19| 7| 5]13]|I11A N
€
A3 L
-Z:’, 41312 11 109 B8 7 6 5 4 3 2 1|
N BOARD No.——
CIRCUIT DESIGNATION
<2
-.f CARD FILE ROWS D,E&F
‘ .
W3 F
R r—SYNCODER No.
14 0
=9 N
:fl T 1 altfsis|7|9fn]|13|18|i7|i9]|21]|23|2s]27
IS
it P
; A
& z Bl2|a]|6|8 |10{12|14]|16|i8]|20]|22|24]26|28
3 i
N I 2 3 45 6 7 89 101 121314
B ls80aR0 No.
'.} CIRCUIT DESIGNATION
i
AN
> Figure 15. Syncoder Numbers Related to Card File Locations
i - The schematics show only one syncoder circuit, rather than showing two identical circuits. However, power sup-
By ply bypass capacitors which serve both circuits are shown on the schematic even though they do not occur twice on
the board. In the text describing each syncoder, reference is made to input/output pins for the circuit located on the
:; left half of the board (components with an A suffix in layout diagrams). For example, the + 12-volt pulse output
will be referred to as pin J, with the implicit understanding that if the circuit on the right half of the board were
] under consideration, its pulse output is found on pin L as is clearly shown on the achematic.
) MOD 1 SYNCODER
{;; CIRCUIT DESCRIPTION
XY The Mod 1 Syncoder was developed directly from the syncoder circuits used in the Root C syncoder network
W simulator described by Gruenke and Mundie (1968). The circuit is shown in Figure 16; the circuit board layout is
B shown in Figures 17 and 18; and the list of components is given in Table 6. The operational amplifier, OA1, is used
f: as a low-pass filter to permit summing the inputs from any combination of up to eight synapse button and analog
ok signal sources. The feedback capacitor, C1, can be made larger by plugging an additional capacitor into the pro-
gram patch panel, thereby controlling the pass band of the filter. The output of the operational amplifier, S(t),
N h therefore simulates the spatial and temporal summated potential difference thought to be the physiologically
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ngmfiunt analog signal encoded by a neuron. This signal is available to the program patch panel through pin C, ) 1

and may be used as an analog input signal to any syncoder, or as a weighting voltage for any synapee button. PinE = .+

is connected to a bus which permits the PDP-8S computer to select any syncoder in C*, close the appropriate relay . .-

(K1), and sample the value of S(t) through the A-D converter. Diode D1 protects the relay drivers from inductive
transients when the switching transistors turn off.

The encoding section of the Mod 1 board generates output pulses whenever the amplitude of S(t) exceeds the
amplitude of an exponentially decaying threshold voltage which is developed across capacitor C5. Q2 and Qb are
connected as a conventional collector-coupled monostable multivibrator. In the quiescent state, Q2 is off and Q6is  ~-- .-

~ conducting so the emitter of Q4 is below ground cutting off Q1 and Q6. The threshold voltage, T(t), stored on C5 . ---..]

kL.

a 8 8 842 o,

keeps the base of Q3 negative while C5 discharges through R13, D3, and Q5 towards zero volts with a time cons- -7~
tant of (R13)#(C5). Q3 serves as an emitter follower and as a level shifter which adds one p-n junction voltage drop  --:-." 3

to T(t) and provides an in.pedance buffer so that the negative voltage T(t) may be compared with the positive Y
voltage S(t) at the base of Q2. R3, R6, and R9 form a voltage divider such that when S(t) is more positive than T(t)is  .7@.]
negative, Q2 is turned on. Note that the Q3 base emitter junction compensates for the Q2 base emitter junction off- ..
set 80 that the comparison may be carried out accurately. R16 and R7 serve to permit DC offset adjustment and ':'-PI{:
thereby set the exact triggering level. However, offset voltage drift variations is not compensated with this circuit. /<"
Q2 turns on regeneratively when it is triggered: its collector voltage starts to fall causing Qb to be driven into .- -]
cutoff through C4; therefore the Q5 collector voltage rises, producing regenerative positive feedback through C6 .-’
and D2 to insure that Q2 turns on completely. Thus ends the quiescent state.

During the active state, Q2 is on and Qb5 is off. C5 charges through R11, D2, and Q2 with a time constant of
(R11)#(C5), keeping Q2 in saturation. Once C5 is completely charged to + 12 volts, Q2 is kept turned on by base
current supplied through R9 and D2 until the end of the active state. Because Q1 is saturated and R6 shunts the = .-
base of Q2, Q2 may or may not be saturated depending upon the setting of R16. While Q5 is off, R14 holds the base ~ ..-".-.]
of Q4 near + 12 volts so that D3 is reverse biased while C5 is charging. The emitter of Q4 remains high during the -7 -
active state, causing Q1 and Q6 to saturate. Q1 shunts all current generated by a poeitive value of S(t) to ground
preventing S(t) from biasing Q2 into conduction through R3. Thus, S(t) can not retrigger the one shot during the en-
coder active state. This corresponds to the absolute refractory period of a neuron when an input signal, no matter
how large, can not trigger a regenerative pulse. The duration of the active state is controlled by the discharge time
. constant of the voltage across C4 which keeps Q5 cut off. C4 charges toward zero volts through R10 and Q2 with a
‘ time constant of (R10)¢(C4). When the voltage at the base of Q5 exceeds the base emitter voltage drop, Q5 turns on
g and the circuit regeneratively returns to its quiescent state. At the end of the regenerative cycle, the base of Q4 is
" near ground and the emitter of Q4 is slightly below ground, insuring that both Q1 and Q6 are completely cut off.
With Q1 cut off, S(t) is again applied to the base of Q2 through R3 and R6 and is continuously compared with T(t)
which is applied to the base of Q2 through R9. Thus ends the active state.

The encoder has two outputs, a zero to 12-volt pulse output on pin H and a — 12 to 12 volt pulse on pin J. The

H zero to 12-volt output on pin H is taken from the emitter of Q4 and has already been described in detail. It is used in
: C* to drive a neon lamp driver circuit which flashes a neon lamp each time the syncoder generates a pulse. The
! % 12-volt output from pin J is brought out to the program patch panel for use in driving the synapse buttons re-

quired by networks of syncoders. It is generated by transistors Q6 through Q9 from the 12 volt pulse at the emitter
of Q4. During the encoder quieacent state, Q6 is cut off, causing Q7 and Q8 to be cut off and Q9 to be saturated.
Thus, the output voltage is held near — 12 volts. R21 and R22 provide short circuit protection for Q9. During the
encoder active state, Q6 is saturated, causing Q7 and Q8 to saturate while causing Q9 to be cut off. Thus the output
voltage is held near 12 volts. R19 serves to protect Q8 from short circuits, but a potential failure mode exists for Q7
which is not protected from external short circuits except by a limited base drive through R20. It could self-
destruct under thermal runaway conditions, but this has not been observed in more than 4 years of system opera-
tion.

st eTae A 4

CHECKOUT PROCEDURE

1. Ground the summing junction of the op amp, OA1, (pin B) through a 100k Q resistor. Adjust R2, to zero the B
output voltage at pin C, within + 5 mV. ]
2. Apply a 2 Vp-p, 1 kHz sine wave to the summing junction (pin B) of OA1 through a 100 kQ resistor. Verify - =@
that the output of op amp (pin C) has an inverted sine wave of the same magnitude. This confirms operation of the """
3. Clole relay K1 and observe inverted since wave again, this time at pin E. This verifies operatnon of D1 and K1. <0 f'jj
4. Vary amplitude of sine wave, while monitoring the zero to 12-V pulse output of encoder on pin H. Does the -
output interval exhibit phase locking at integer multiples of 1 with shorter intervals corresponding to larger input

s e a's

- -8 8 4-8

1 amplitude? If so, this verifies operation of the encoder (Q2, Q4, Q5).
5. Observe the x 12-V pulse output on pin J. It should track with the encoder pulse output from pin H as the
’ amplitude of the input sine wave is varied? Applya 1k @ load from pin J to ground. If the output pulse height still
:;tg than + 8 V and the resting level less than — 8 V, this verifies operation of the output stage (Q6, Q7, Q8,
).
31
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6. Ground pin B through a 100 k{: resistor again, and apply an inhibitory voltage to the encoder circuit on the '.f
other side of the board under test, Adjust R16 to verify that the encoder can be turned on or off by R16. Adjust so R
:h;t the encoder is firing at an interval greater than 30 ms. This serves to zero the encoding threshold offset R

7. Apply a negative input voltage to pin B through a 100 kO resistor so that the encoder output free runs at T
some convenient rate. Use an oscilloscope probe to verify that Q1 saturates during each output pulse. Verify that —_—
the emitter of Q3 starts at — 11 V at the end of each output pulse. This completes the checkout of the Mod 1 board. o 4
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Figure 16. Mod 1 Syncoder Circuit
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Figure 17. Mod 1 Syncoder Board (component side)
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Table 6. Components for the Mod 1 Syncoder Circuit

Designation

Description

c1

c2,3

c4

C5
D1,23
K1

OA1
Q1,2,4,5.6,8
Q3.7.9
R1
R2,16
R3
R4,10
R5,14,22
R6

R7
R8,9,12
R11

R13
R15,19,21
R17,20
R18

Note: All resistors are 1/2 watt, 10% tolerance unless otherwise specified.

75 pF ceramic capacitor

.02 uF ceramic capacitor

.01 ¥ F mylar capacitor

.33 UF mylar capacitor
1N4154 diode
Struthers-Dunn RR1A reed relay
Nexus SQ-10 operational amplifier
2N3566 NPN transistor
2N3638 PNP transistor

100k , 1/2 W, 1% film resistor
50 kQ? Bourns 3068P-1-503 potentiometer
6.8 k& resistor

150 k2 resistor

3.9k resistor

56k resistor

1 MQ resistor

12 ki resistor

2.2 kQ resistor

33 kQ resistor

390 @ resistor

47 kQ resistor

12k Q resistor
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MOD 2 SYNCODER T
. 7. -

CIRCUIT DESCRIPTION -

The Mod 2 Syncoder schematic, shown in Figure 19, is the same as that used for Mod 1. There is a slight dif-
ference in the physical layout of components between the two boards, and a different manufacturer supplied the
operational amplifier. The Mod 2 circuit board is shown in Figures 20 & 21, and the corresponding list of com-
ponents is given in Table 7. Since the circuit function is exactly the same as for the Mod 1 circuit, a detailed descrip-
tion is not repeated here.

CHECKOUT PROCEDURE
The Mod 2 checkout procedure is identical to the Mod 1 checkout procedure.

+12 J—

w, -

z - -
39K RIO ° nag RI6 QRN RI9
RS 50K | 12K SOK S2.2K 390
S
+8 4. ? RIS RI8
Y 390 1.2K
)
R 100K 1%
AANA— 02
_.—n—-f F——q [
(] .
LTI cs' 33 3R5”?‘§ {
L Q2 b—— AN /
8
- Q
RI3 R20
33K o7
47K L o L.J
a4 Q9
I 1
Q5
Ri2
2K
Fae R22
W V.V VN Q6 39k
RI7 47K b a2
:L——J 390
1 -
HM P-12 Y]
Figure 19. Mod 2 Syncoder Circuit
35

‘‘‘‘‘ el e e AR T L T Wt



D e
-)t:.f\,-;

¥ 1

-

D

. > i R S o e i e v vy oy v v Sa——
A MO W ESUE AN N SN O S M 3R R R T St IS S A il s st ieg i A SLRaLIN AR A SR AL

Ri5A 08a

R6A C4A  RI2A fosn R2IA R9A
54 Q4 jRi13a [ RiA Quaf |/
Cae DA KA CIA RTA Q2ARSA RK)ARQADZA/ D3A | josa RMA [ JR224
/C3a | czajRri6A [RiA k2A |R3AJOiAlR4AS] j03A fRBA

riaf ffmaal |1 IrR20a 41 ] Qra
WX
o\l

) ‘
mn | & .. ...

}‘

p

. i PPN 4 - - »
- = .
- -~ ,

:csaluzelmssf ri8 | R78 |028| | e | |RoB) \casl | ! i lag) | | lmied, \ \\ \c7e
OAB DB kIB Cia R28 R3B OB|R4B | |CS6 | D28 Lyuae ‘\ma \ R2.28
RS8 |03 REBO04B| |jos8 | 'a6s mi9s) \oss

RI0B 038(RIB | RISE R2i8

Ri28 R208 Q98

Figure 20. Mod 2 Syncoder Board (component side)

OAA QA QA Q3A QaA Q5A Q6A Q7A (%A QB8A
Figure 21. Mod 2 Syncoder Board (foil side)
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; Table 7. Components for the Mod 2 Syncoder Circuit -
zx Designation Description ﬁ;j.'%:“l
- C1 75 pF ceramic capacitor L’ i!
% C2,3 .02 uF ceramic capacitor ::.-':::,
.+ C4 .01 uF mylar capacitor ,_-(

3 C5 .33 uF mylar capacitor jf:jt:‘_'i

D1,2,3 1N4154 diode i
v K1 Struthers-Dunn RR1A reed relay "”."

E 0Al Analog Devices 1055 operational amplifier DR
% Q1,2,4,5,6,8 2N3566 NPN transistor
_,i Q3,79 2N3638 PNP transistor

) Rl 100 k2 , 1/2 W, 1% film resistor
§ R2,16 50k Bourns 3068P-1-503 potentiometer

3 R3 6.8kQ resistor
% R4,10 150 kQ resistor

1 R5,14,22 39kQ resistor
- R6 56k resistor

3 R7 1 M& resistor
. R8,9,12 12k resistor
R11 22k resistor
Q R13 33 kQ resistor

R15,19,21 3900 resistor
R17,20 47 k" resistor
R18 1.2k resistor
Note: All resistors are 1/2 watt, 10% tolerance unless otherwise specified.

;

3

K MOD 3 SYNCODER
- CIRCUIT DESCRIPTION
. The design goal for the Mod 3 Syncoder was to make the minimuvm necessary and sufficient modifications to the
@ Mod 2 circuit which would permit independent variation of both the output pulse width and the encoding threshold

f" time constant. The Mod 3 circuit schematic is shown in Figure 22; the board layout is shown in Figures 23 & 24;

P2 and the components are listed in Table 8. As mentioned under the circuit description of the Mod 1 syncoder, the
o discharge time constant of C4 controls the output width, and the discharge time constant of C5 is equai to the en-

¥ coding threshold time constant.

’ At first lock, the obvious modification is to change the value of C4 and C5. Unfortunately, the circuit fails to
g operate as expected whez the ratio of C5 to C4 is varied from its original design value of 33 to 1. If C4 is increased
3 to reduce this ratio, there is no proportional increase in output pulse width. The reason is that once C5 has com-

pleted its charging cycle during the active state, there is not enough bias current supplied through R10 and D2 to

%’. keep Q2 in saturation. As Q2 comes out of saturation, its rising collector voltage is coupled through C4 to initiate

. the regenerative turn off which should not have occurred until C4 discharged all the way to zero volts. By adding a

transistor and two resistors to supply base bias current to Q2 during the active state of the encoder, it becomes
possible for C4 to fully discharge before the regenerative turn off cycle is triggered.

The major difference between the schematic for the Mod 2 board and the schematic for the Mod 3 board is the ad-
dition of transistor Q10 and resistors R23 and R24 in the Mod 3 circuit. All other components remain unchanged,
i except that the inexpensive 741 integrated circuit operational amplifier was used in fabrication of the Mod 3 board,
rather than the more expensive encapsulated op amp used in the Mod 2 board.
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A brief description of the circuit operation is included here for the benefit of the reader who may be interested in
the Mod 3 circuit. The 741 integrated circuit operational amplifier, IC1, performs the summing and low-pass filter-
ing function required to generate the analog signal, S(t), used as the input to the encoder and as an output of pin C.
The feedback resistor R1 and capacitor C1 are mounted in plugs to facilitate changing the filter response. Q2 and
Q5 form a collector-coupled multivibrator in which Q2 is off and Q5 is on during the quiescent state, and Q3 serves
as an emitter follower to couple the threshold voltage, T(t), to te base of Q2 through R9. Whenever S(t) reaches a

- positive voltage level where it can supply more current through R3 and R6 to the base of Q2 than T(t) at the emitter

of Q3 can sink through R9, then Q2 is turned on. That causes the regenerative turn-off of Q5. During the active
state, C4 discharges through R10 and Q2 while C5 charges through R11, D2, and Q2. For proper operation of the
Mod 3 circuit, it is necessary that (R10)#(C4) be larger than (R11)#(C5) so that C5 is always fully charged to 12 volts
at the end of every pulse. If (R11)¢(C5) is very much smaller than (R10)¢(C4), then transistor Q10 is biased on
through R24 and supplies the base current through R23 to keep Q2 in saturation until C4 fully discharges. At that
point, base bias current through R10 triggers Q5 on and regeneratively returns Q2 and Q5 to the quiescent state,
ending the active state.

Note that during the active state, the collector of Q5 is high causing Q1 and Q10 to be saturated and Q4 to be
high. When Q4 is high, Q6, Q7, and Q8 are saturated and the output at pin J is high. In the quiscent state, the col-
lector of Q5 is low, causing Q1 and Q10 to be cut off and Q4 to be low. Since Q4 is low, Q6, Q7, and Q8 are cut off
and Q9 is saturated so that the output at pin J is low.

CHECKOUT PROCEDURE

The Mod 3 checkout procedure is almost identical to the Mod 1 checkout procedure and is not repeated here. The
gonly dxff;rezgﬁe is that if R16 is unable to turn the encoder off with the input grounded, then Q10 may have a collec-
r emitter short.

-18 Ze2v
X CT FN 0,S ER .
F [ o ]
RS RI6 g R RIO R4
o 39k R7 g2 ax 150K 39K
M 2ae Rri8
i Srex . ) 12K
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I [ ]
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N Q2
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Figure 22. Mod 3 Syncoder Circuit
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'Q;'.; Table 8. Components for the Mod 3 Syncoder Circuit
t' Designation Description
C1 75 pF ceramic capacitor
C2,3 022 uF ceramic capacitor
C4 .01 uF mylar capacitor
C5 068 uF mylar capacitor
D123 1N4154 diode
IC1 741 operational amplifier
K1 Struthers-Dunn RR1A reed relay
Q1,2,4,5,6,8,10 2N3566 NPN transistor
Q3,7,9 2N3638 PNP transistor
» R1,23 100 k2 , 1/2 W, 1% film resistor
4; R2 10 kQ Helitrim 89WR potentiometer
.‘:“i R3 6.8k} resistor
. R4,10 150 k2  resistor
R5,14,22 3.9k resistor
" R6 5.6 k1 resistor
g R7 1MQ resistor
' R8,9,12 12k resistor
g R1l 2.2kQ resistor
" R13 33kQ resistor
1 R16,19,21 3902  resistor
; :;; R16 50 k2 Helitrim 89WR potentiometer
N R17,20 47kQ resistor
¥ R18 12kQ resistor
"" R24 2.2 MQ resistor
g‘; Note: All resistors are 1/2 watt, 10% tolerance unless otherwise specified.
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MOD 4 SYNCODER

CIRCUIT DESCRIPTION

The design goal for the Mod 4 syncoder was to take advantage of the state-of-the-art improvement in integrated
circuit technology and produce a syncoder which had continuously variable time constants for setting the output
pulse width and the encoding threshold time constant and in which the synapse output signal, S(t), could be applied
to the encoding section in either polarity. In addition, an effort was made to improve the power supply decoupling
between boards in the C? syncoder network simulator system. The circuit schematic is shown in Figure 25; the cir-
cuit board layout is shown in Figures 26 and 27; and the components are listed in Table 9.

The synapee section of the Mod 4 syncoder is contained in IC1, IC2, and S1. IC1, with its pluggable components
R1 and C1, serves as the low pass filter and summing amplifier which generates the synapse output signal, S(t). The
output of IC1 is connected to pin C, and thereby to the white holes on the patch panel. Since the summing junction
of IC1 is connected to the green holes on the program patch panel through pin B of the circuit board, any com-
ponents plugged between the white and green holes, appear in parallel with R1 and C1 and can be used to control
the low pass filter characteristic of IC1. IC2 serves as a unity gain inverter for S(t). Switch S1 selects whether S(t)
from IC1 or — S(t) from IC2 is applied to the input of the encoding section through R4.

Relay K1 can be selected by the PDP-8S computer to apply the encoder input signal (either S(t) or — S(t) depen-
ding upon setting of S1) to the C* analog-to-digital converter. Thus, the PDP-8S can sample the output of the
synapee section at any time.

The encoding section of the Mod 4 board contains three functional elements. IC3 is the primary element of the
comparator stage, IC4 is the primary component of the output one-shot stage, and IC5 is the primary element of
the threshold generator stage.

In the Mod 4 encoder, the threshold voltage, T(t), is a negative voltage generated at pin 6 of IC5. This voltage pro-
duces a current through R5 which is used to sink the current generated through R4 from S(t). Whenever the cur-
rent resulting from S(t) exceeds the current resulting from T(t), pin 3 of IC3 tends to go positive. At that time,
positive feedback through R6 and C3 causes IC3 to regeneratively latch into a stable state where its output is high.
Diodes D1 and D2 at the input of IC3 serve to limit the maximum differential input voltage which may be
generated between pins 2 and 3 to less than 1 volt in absolute amplitude and thereby protect the input stage to IC3.
For voltages with an absolute amplitude less than about 400 millivolts, diodes D1 and D2 are non-conducting and
can be ignored. Thus, at the time when the current from S(t) exceeds the current from T\(t), IC3 operates as if those
two diodes were not there. It should be pointed out here that both IC3 and IC4 are operational transconductance
amplifiers, and that their maximum output current capability is limited by R7 and R13, respectively, to 500
microamperes. When IC3 latches in its high state, it supplies current to R19 in parallel with the series impedance
of D3 and R20. Thus, the maximum positive output voltage of IC3 is about + 3.1 volts. Because of the voltage drop
acroes D3, the voltage applied to IC4 to trigger an output pulsc is about + 2.5 volts. The maximum negative output
voltage of IC3 is — 5 volts. C4 is used to reduce the high fre«juency gain of IC3 and prevent RF oecillations.

A comment about the comparator used in this circuit is in order. The generic syncoder concept (discussed in The
Syncoder Concept) assumes a voltage compearator which contir.uously compares S(t) with T(t) and generates an out-
put pulse whenever equality is sensed. In the Mod 4 encoder, t ae comparator actually compares the currents S(t)VR4
and T(tVR5. If R4 were equal to R5, then the current compe.rison would be equivalent to the voltage comparison.
However, since R5 is smaller than R4, T(t) is weighted more heavily than S(t) in comparator The effect of this
weighting is shown by calculating the equivalent reset voltage for T(t) assuming a voltage comparator and S(t) as a
reference voltage. The threshold reset using voltage compared with the IC3 output saturation voltage of + 14 volts
for S(t) determines the minimum duration of the absolute refractory period. With present component values, the

— 11 volt reset voltage on C6 generates — 1.6 milliamperes of comparator current, while the + 14 volt saturation
voltage on IC1 generates 1.4 milliamperes of current. Thus, on an equivalent voltage basis, one could say T(t) resets
to — 16 volts and S(t) saturates at + 14 volts. Thus the absolute refactory period equals the output pulse width plus
the time it takes for the apparent value of T(t) to decay from — 16 to — 14 volts. By changing the value of R4 or of
RS, the equivalent relationship between maximum saturation voltage of S(t) and reeet voltage of T(t) can be easily
manipulated. This may be of interest to certain kinds of information processing problems in syncoder networks
programmed on C*.

IC4 is a current-limited operational transconductance amplifier to which a unity voltage gain current amplifier
has been added to simulate an operational amplifier with a high gain-bandwidth product and a slewing rate of near-
17 50 volts per microsecond. IC4 supplies the voltage gain, and transistors Q2 and Q3 supply the required current
gain. The encoder pulse output through pin J is accessible on the program patch panel through the red holes, and is
short-circuit protected by R11 and R12. For purposes of internal feedback, the encoder pulse output is taken direct-
ly from the emitter of Q2, and is not short-circuit protected by R11. There are two feedback pathways. The positive
feedback is through the resistive voltage divider formed by R14 and R20. The negative feedback pathway is
through the RC voltage divider formed by the series resistance of D4, R31, and R10, and the capacitor C5. The
operational amplifier circuit so defined is a conventional op amp monostable multivibrator. When a positive trigger
is applied to the positive input terminal, the output starts to rise at a rate determined by the gain and slewing rate
of the operational amplifier. Since the voltage across C5 can not change instantaneously, at some point during the
rising phase, the voltage across R20 exceeds that across C5 and the circuit latches into a metastable state with the
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X output high and voltage at the positive input higher than the voltage at the negative input. While in this state, the
voltage acroes C5 rises towards the output voltage with a time constant of (R31 + R10)#(C5). Note that during the
time when the output is high, Q1 is reverse biased through R9 and can be ignored. When the rising voltage on C5

exceeds the 4-volt reference level maintained across R20, the op amp output voltage starts to fall. Once again, the

voltage across C5 can not change instantly, so the falling voltage across R20 causes the circuit to latch in a stable

state with the output negative and with C5 discharging toward the negative voltage across R20. Since D4 is reverse

~ hiased, C5 can not discharge through R10 and R31. However, when the output goes negative enough, Q1 turns on
A and C5 is rapidly discharged. In the quiescent state, Q1 saturates and the voltage across C5 is clamped very close to
X zero. Since the positive feedback through R14 and R20 holds pin 3 of IC4 at — 4 volts, the circuit remains in its low

state until the next time that IC3 goes high and triggers an output pulse. Note that by varying R31, the output
pulse width can be varied by more than 46 to 1 over the range from 30 microseconds to 1.5 milliseconds.

The threshold circuit is reset with every output pulse. Between output pulses, IC4 is in its low state with Q3
saturated so that diode D6 is reverse biased. There is no input current to IC5. With no input current to its summing
junction, IC5 does not supply any feedback current through its feedback impedance. Thus, since pin 2 of IC5 is
maintained at virtual ground potential, pin 6 of IC2 is maintained at a voltage equal to the voltage across C6. Any
current required by R5 is supplied by the operational amplifier, and the voltage across C6 decays exponentially
with a time constant equal to (R15 + R33)¢(C6). This time constant can be varied over a continuous range of more
than 20 to 1 by varying R33. At the beginning of an output pulse, Q2 saturates, forward biasing D6 and injecting
current into the summing junction of IC5 through R16. IC5 supplies an equal and opposite current to the summing
junction through D5, C6, and R15 in series with potentiometer R33, thereb producing a negative going waveform
while C6 charges toward — (12)*(R33 + R15)/(R16) volts with a time consiant of (R33 + R15)¢(C6). When this
waveform reaches ~ 11 volts, zener diode D5 starts to conduct and clamps the voltage across C6 at — 11 volts until
the eiid of the output pulse. When the output pulse ends and Q3 saturates again, diode D6 is reverse biased so that
no current is injected to the summing junction. Thus, C6 is free to discharge through R33 and R15 until the com-
parator fires again to restart the whole cycle.

Nothing has been said yet about when the comparator returns to its low or quiescent state during the active tim-
ing cycle. In the discussion of output pulse duration, it was implicitly assumed that IC3 returns to its low state
before the end of the encoder active state, so that the reference voltage at which IC4 ends the pulse is determined
only by R14 and R16. In fact, this is the case; but it is of interest to explain why. First, S(t) is the output of a low
pass filter, and as such usually does not contain steep rising voltage waveforms. Thus, during the time between in-
itiation of an output pulse when IC3 senses that S(t) = T(t), and the time that the active state of the output one-
shot circuit is reached, S(t) can be assumed to be very nearly constant in value. As soon as the active state is reach-
ed, C6 is rapidly charged towards its — 11 volt reset value. Thus, very near the beginning of the active state, the ef-
fective value T(t) exceeds the effective value of S(t) and IC3 returns to its quiescent state. However, even if S(t) had
a positive step discontinuity at the time of triggering, IC3 would have to return to its quiescent state before the end
of the active state due to the way component values were chosen. The maximum time required to fully charge C6
occurs if C6 is initially fully discharged. Under that condition, T(t) may be given by the following expression in
which Rf is defined to be equal to (R33 + R15):

Tt) = —(12) Rf) (1-exp(— t/(Rf*C6))/R16

Since zener diode D5 clips this waveform when T(t) reaches — 11 volts, the expression above can be approximated
to & very high degree of accuracy by:

T(t) ~ ——12XRD ® - - (3.6363 x 10-)t
R16 (REXC6) (C8)
Setting T(t)max — 11 volts and solving for the time it takes to charge capacitor C6,
= (11XC6) = (3025)C6)
(3.6363 x 10-%)

Thus, the worst case charging time with C6 = 0.01 microfarads is 30.25 microseconds. Since the pulse width
generated by IC4 is always longer than 30 microseconds, and since the maximum effective value of T(t) is greater
than the maximum effective value of S(t), IC3 must always be reset before the end of the output pulse. If C6 is
changed to alter the operating range of threshold time constant, care should be used that C5 is also properly RO
chosen. Otherwise the pulse width adjustment set by R31 may interact with the time constant adjustment set by T

R33.
CHECKOUT PROCEDURE

1. Apply a 2 V 1 kHz sine wave to pin B through a 100 k2 resistor. Observe a 1 kHz sine wave with inverted
polarity but with the same amplitude at pin C to verify operation of IC1.

2. Obeerve no signal at pin E, unless relay K1 is closed, which verifies the operation of D8, D9, and K1.

3. While observing the sine wave at pin E with relay K1 closed, operate switch S1. If both normal and inverted
versions of sine wave can be produced at pin E by switching S1, then IC2 and S1 are working properly.
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4. Turn potentiometers R33 and R31 fully clockwise to their maximum value. Vary the amplitude of the input S
sine wave while monitoring the + 12V encoder output pulse on a pin J. The output pulse train should be phase lock-
ed to the input sine wave in such a manner that interpulse intervals are integer multiples of 1 ms. This verifies
operation of the encoder section.

5. Apply + 6 V to pin B through a 100 kQ resistor, and set switch S1 so that + 6 V appears at pin E with the
relay closed. Obeerve the waveform at pin 6 of IC5 and verify that T(t) starts at — 11 V and decays to — 4 V bet-

g,: ween output pulses. This verifies operation of IC5, D5, and D6. Note, the time it takes T(t) to decay from - 11 V to
¥ —4 V is equal to one encoding time constant.
'3 6. Connect the + 12 V pulse output from pin J to an oecilloscope or a digital counter so that pulse width and
%, pulse interval can be measured. The pulse width is the time between a rising edge and a falling edge of the ouput
3 waveform, and should now read 1.4 ms. The time between the falling edge and the rising edge of the output
waveform is the encoding threshold time constant and should now read 10 ms.
& 7. Manipulate switch S1 to inhibit the ouput of the encoder under test. Monitor pin 6 of IC5 while adjusting R32
:‘ to l:t:i the output of IC5 (£ 5 mV). This verifies operation of R32 and IC5. This adjusts the encoding threshold off-
X 8. Reconnect the + 6 V signal to pin B through a 100 k{1 resistor. Observe the zero to + 12 V output waveform
$ on pin H as R31 is turned counterclockwise. The pulse width should decrease smoothly from 1.4 ms to 33 ms, and
. tqhe eil)z‘codmg threshold time constant should not change from 10 miliseconds. This step verifies operation of R31,
‘ 1, D4, and C5. A
; 9. Obeerve the output waveform on pin H as J as R33 is turned counterclockwise. The output pulse width should ey
5’ ‘r;l‘:lnm constant as the interpulse interval varies smoothly from 10 ms to 470 us. This verifies operation of D6, D5 R
Y R33.
;{ 10. Manipulate switch S1 to inhibit firing of the encoder under test. Measure the DC output voltage of IC5. It AR
M should be within +5 mV of ground. This verifies operation of IC5. g
11. Manipulate switch S1 again to produce output pulses on the syncoder under test. Leave R33 fully f—
v counterclockwise and turn R31 clockwise until 50% duty cycle pulse output is achieved watching to be sure that in- ers,
_L:l terpulse interval remains equal to 470 microseconds. Short the output at pin J for 10 seconds. Remove the short el
and observe that the + 12 V output waveform remains unchanged. This verifies operation of IC4, Q2 and Q3. DS
¥ 12. ICS3, IC4 and their associated components are not checked explicitly in this test procedure. If all other tests e
¥ have been passed, then components are working properly. If there seems to be a problem in this section of the B
’ board, start by observing the waveform at pin 3 of IC3. It should never exceed + 800 mV. If it does, then either D1
or D2 is open, and IC3 may be damaged as a result. Whenever the voltage at pin 3 of IC3 goes through zero with S
X positive slope, a positive pulse should appear at pin 6 of IC3. If not, then IC3 is bad. If the positive pulse appears e
X across R20 but not at the output of IC4, IC4 is bad. f'_.-::
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Table 9. Components for the Mod 4 Syncoder Circuit

M .LM..&'..M:A!‘..’.AX’Q ARSI

Designation Description

C1234 75 pF ceramic capacitor

C5 .033 uF mylar capacitor

Cé .01 uF mylar capacitor
C7,8,9,10,11 .1 uF ceramic capacitor
C12,13,14,15 256 HF, 25 V electrolytic capacitor
D1,2,3,4,6,8,9 1N4154 diode

D5 1N5241 zener diode

IC1,2,5 741 operational amplifier

IC3,4 RCA CA3080 operational amplifier
K1 Struthers-Dunn MRRN1A reed relay
Q13 2N3638A PNP transistor

Q2 2N3643 NPN transistor

R1 100 k2 , 1/8 W, 1% film resistor
R2,3 10k , 1/8 W, 1% film resistor
R4,19 10 k2 resistor

R5 6.8 kQ resistor

R6 390 k? resistor

R7,13,156 47 kQ resistor

R8,9 27 kQ resistor

R10 2.2KQ resistor

R11,12 2002 , 1/2 W, 5% resistor

R14 33 k1 resistor

R16 3.3k resistor

R17,18 5.1 kQ resistor

R20 16 k? resistor

R31 100 k! Helitrim 89WR potentiometer
R32 10kQ Helitrm 89WR potentiomenter
R33 1 MQ Helitrim 89WR potentiometer
S1 Alco MSS-1200RG SPDT slide switch

NOTE: All resistors are 1/4 watt, 5% tolerance unless othorwise specified.

MOD 5 SYNCODER
CIRCUIT DESCRIPTION

The goal with the Mod B syncoder was to maintain or extend the range of variation of both the output pulse width
ndtbmdiuthnlholdﬁmommwhchhdbsenachwvedmtheuod4mmmt and to simplify the circuit
in a manner which might eventually permit fabrication as either a monolithic or a hybrid integrated circuit. The

synapee section remaine unchanged from the Mod 4 circuit, but the encoding section is completely different. The
Mfwtholod&drcuitnlhnwnmﬁcmzs the board layout is shown in Figures 29 and 30; and the com-
ponents are listed in Table 10. One capacitor, C11, is used to control both the encoding threshold time constant,
and the output pulse width. Onooymtwmlmphfier IC3, is used both as the comparator stage and as the output
one-shot stage. CMOS analog switches are used to change the character of the feedback around the op amp and
thereby control its function either as a comparator or as a one-shot state at the appropriate times.

The CMOS analog switches used in this design are packaged four to a chip, and two switches each from IC4 and
ICS are used in each of the two encoders on each board. Thus, for example switch S1 for encoder A on the left half
of the circuit board when looking toward the component side uses pins, 3, 4, and 5 of IC5, while switch S1 for en-
coder B on the same board uses pins 6, 8, and 9. Othormtchumxdanhﬁedmtheumemnner

The synapes integrator function is performed by IC1. All analog signals and synapse button signals applied to the

in the RC network plugged into the feedback loop around IC1. The resulting

green holes in the C* patch panel through syncoder board pin C. S(t) is also used
-mb&mmmmdm RS, cs.uuncz Both S(t) and —S(t) are available at switch S1,
mh“.hutbﬁ.modin'moftheuod5mmder Relay K1 may be closed by the

computer in order topermit the analog-digital converter to measure the voltage applied to the input of the
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The voltage across C11 represents T(t), the threshold voltage, between pulses. T(t) is connected directly to the T Z“
negative input of IC3 where it is continuously compared with the analog signal S(t) which is applied to the positive
input of IC3. As long as T(t) is more positive than S(t), the output of IC3 remains latched at its negative saturation el
level near — 10 volts. Thus, the encoder pulse output at pin J remains in its quiescent low state between output L
pulses. .
Resistor R9 provides short circuit protection for the output. T(t) decays exponentially towards zero volts as the = 'j
charge stored on C11 leaks off through S1 and R6. When S(t) exceeds T{(t) by a small amount, the output of IC3 RIS
starts to go positive. This initiates a chain of events which lead to a change in configuration for IC3. The positive OO
edge of the output pulse is differentiated by C12, R11, and R12. The resulting positive spike is used to momentarily ek
close the normally open switches S2 and S3 on IC4. S2 causes C11 to rapidly discharge, producing a positive feed- KN
back signal to the comparator which insures regenerative turn-on once the initial turn-on condition is sensed. A ]

more direct positive feedback signal is applied as soon as the rising pulse output waveform exceeds the value of S(t) e,
so that diode D2 is turned on. D2 clamps the positive input of IC3 to a level, one diode voltage drop below the
positive saturation voltage of IC3, effectively disconnecting S(t) from the op amp. Since C11 is discharging through s
S2 at that point, the operational amplifier circuit latches into a stable state with ita output high. During the time DR
that C11 is discharging through S2, switch S3 remains closed and prevents the positive pulse output signal from RURNY
closing switch S4. As the positive spike across R12 decays, switches S2 and S3 open. As S3 opens, the positive drive
signal from the pulse output is applied to the control gates of S1 and S4 through R10 causing S1 to open and S4 to
close. With S1, S2, and S3 all open, and S4 closed, C11 charges exponentially towards + 12 volts with a time cons-
tant of (R5 + R8)*(C11). IC3 continuously compares this rising exponential waveform, which is applied to its
negative input, with the positive reference voltage clamped to its positive input by diode D2. When the voltage
acroes C11 exceeds the reference voltage level, the output changes state and returns to its negative saturation level.
The negative pulse output voltage applied through R10 returns switchee S1 and S4 to their quiescent conditions,
and causes diode D2 to be reverse biased into cutoff so that S(t) is once more applied to the positive input of IC3

R4. With S1 closed the voltage across C11 again decays towards zero with a time constant of (R6 +
R7)*(C11) until such time as S(t) exceeds T\(t) to reinitiate the cycle.

A word of caution concerning the CMOS switches is in order. These devices are rated to operate with input and
output signals limited the applied power supply voltages. In this circuit the power supply for CMOS is taken bet-
ween 0 and + 12 volts. Switches S1, S2, and S4 are all operated with signal and control voltage levels limited
within the proper range. Under transient conditions negative drive signals may be generated by capacitive coupl-
ing of pulse edges at various points in the circuit. In every case where this is possible, there are series resistances of
at least 10,000 ohms to limit the resulting current to a value which can be safely handled by the gate protection
diodes built into the CMOS circuits. The resistors also limit the transient current to the value less than the peak
point current required to activate the internal parasitic diodes. If triggered, these diodes can latch up in a condition
where the power supply is internally short circuited resulting in self destruction of the chip. Any attempt to change
the resistor values in this circuit could prove disastrous unless these CMOS switches are first replaced by the far-
more expensive version manufactured with silicon-on-sapphire floating body technology. Between pulses, the — 12
volts applied to R10 may appear to pose a threat to switch S3. However, the gate protection diodes on switches S1
and S4 prevent the signal at pins 3 and 10 of IC4 from becoming negative enough to cause any damage.

The + 12 volt syncoder pulse output in this circuit is taken directly from the output of IC3 through resistor R9.
The zero to + 12 volt pulse output used for driving the neon drivers in C* is extracted from this signal across diode
D3.

CHECKOUT PROCEDURE

1. Apply a 2 V 1 kHz sine wave to pin B through a 100 k} resistor. Obeerve the sine wave inverted but other-
wise unchanged at pin C to verify the operation of IC1.

2. Synchronizing off of the oacillator, monitor pin E. There should be no signal until relay K1 is closed. With K1
closed, manipulate switch S1 and observe both normal and inverted polarity of the sine wave at pin E. This verifies
operation of K1, S1 and IC2. A

3. Turn potentiometers R6 and R8 fully clockwise to their maximum resistances. Observe + 12 V pulses at pin H
to verify operation of the encoder section, and 0 to + 12 volt pulses at pin H to verify operation of D3.

4. Monitor the interpulse interval of the output pulse train as the amplitude of the sine wave is varied. The out-
put pulse interval should phase lock to the 1 kHz input signal with intervals which are integer multiples of 1 ms.
This is further verification of proper encoder operation.

5. Using a 10 M2 oscilloscope probe, monitor the voltage across C11 (pin 2 of IC3). At the beginning of each
pulse, C11 should be fully discharged to ground. Then C11 should charge exponentially towards the + 12 V power
supply level through R5 and R8. At about + 11 V, the charging cycle should stop, and C11 should discharge
towards ground through R6 and R7. This verifies operation of all CMOS circuits. Measure the maximum charging
voltage and record its value. Remove the oscilloscope probe.

6. Apply +4 V to pin B through a 100 k@ resistor, and set switch S1 so that + 4 V is applied to the encoder in-
put (pin E with relay K1 closed). Be sure the other encoder is inhibited and not firing. Monitor the output pulse
train at pin J with an oscilloscope or electronic counter and measure the pulsewidth and interpulse interval, which
should be equal to the encoding threshold time constant. For C11 = 0.0033 .F, the pulsewidth should be around
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g ‘ 780 us uid the time constant about 2.3 ms. For C11 = 0.01 uF, the pulsewidth should be 2.5 us and the time o
~ constant, 1 us.
:'.-. 7. Manipulate switch S1 to inhibit the encoder under test. Measure the voltage acroes C11 to verify that it is et
W equal to zero (+ 5 mV). If it is not, then one of the CMOS switches is malfunctioning and needs to be replaced. ]
8. Now manipulate awitch S1 to excite the encoder under test. Slowly turn R8 counterclockwise shortening the '@
" output pulsewidth while watching to be sure that the interpulse interval remains constant. With R8 fully " “
(T counterclockwise, the pulsewidth should be 42 yus for C11 = 0.0033 and 756 s for C11 = 0.01. This verifies the :
Ny operation of R8. R
z 9. Now turn R6 slowly counterclockwise shortening the interpulse interval while watching to be sure the output e
pulsewidth remains constant. With R6 fully counterclockwise, the interpulse interval should be 33 us for C11 = g
0.0033 and 79 us for C11 = 0.01. This verifies the operation of R6. -
10. Reconnect the 10 MQ scope probe to C11 and monitor the voltage across C11 as the DC input voltage is
&5 varied between zero and + 10 V. C11 should fully discharge at the beginning of the pulse for all levels of input S
,] voltage and recharge to the same voltage level near + 11 V for all values of input voltage.
-‘-:‘ This completes the Mod 5 checkout. e
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| ,4 Table 10. Components for the Mod 5 Syncoder Circuit
)
X ’: Designation Description
' C1,2,4,6,13,14,
kS 15,16 .1u F ceramic capacitor
3 C3°5,12 75 pF ceramic capacitor
s C7,89,10 Mallory MTA26D20 25 “F, 20 VDC
§ capacitor
ci1* .0033 uF mylar capacitor
D1,2,3 1N4154 diode
X IC1,2 LM741CN operational amplifier
Ic3 LM301AN operational amplifier
g IC4 CD4016AE CMOS switch
N IC5 SCL4416AE CMOS switch
:: K1 Struthers-Dunn MRRN1A reed relay
I; R1,4,10,12 100 kQ , 1/4 W, 1% resistor
& R2,3,7B,11 Allen Bradley 10 k @ resistor network
: R5 2kQ , 1/4 W, 5% resistor
5 R6 1 MQ Helitrim 89WR potentiometer
’c, R7A 10k , 1/4 W, 5% resistor
RS 100k Q Helitrim 89WR potentiometer
R9 2000 , 1/2 W, 5% resistor
N S1 C&K 7101A SPDT toggle switch
%‘ * R1, C3 and C11 are mounted on terminals and there values may be changed depending on the application of the
i syncoder.
A
‘"!
w0
i
5
- COMPARISON BETWEEN SYNCODER CIRCUITS
: Although all five versions of the syncoder exhibit the same nominal transfer function, there are differences in
3y operation particularly near the extreme limits of the various parameters. Table 11 contains a summary of circuit
? idi ies from the point of view of the C* programmer. It is intended as an aid in selecting the particular ver-
g sion to be used for various portions of each network.
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3 Table 11. Comperison of Syncoder Circuits ]
3 Parameter Mod 1 Mod 2 Mod 3 Mod 4 Mod 5 RN
. 1. Synapee Inte- A
5 g 120
! a. offset ) o]
voltage adjust with R2  adjust with R2  adjust with R2 fixed < 5mV fixed < 5mV et
b. output T
polarity inverted inverted inverted selectable selectable RO
Py ¢. maximum e
' output e
. current, mA 1 5 5 5 5 run
' d. rated load, oy
! ko 10 2 2 2 2 et
output satu- oA
ration e
voltage, V + 13 + 13 + 14 + 14 + 14 SRS
) a. encoding range set range set :
g time controlled by C6 set by C11 ,
' constant 10 ms fixed 10 ms fixed by C5 value by R33 value by R6 ‘
; b. output range set range set
: pulse controlled by C5 by C11
width 1 ms fixed 1 ms fixed by C4 value by R31 value by R8
é c. maximum
] threshold -11 -11 -11 -17 +11
_z thile. A
h d. is latch-up not for R5 less
2 possible? yes yes yes than 7.9k yes
e. rated
. load, 3 390 390 390 200 200
. f. maximum
" output
g current, mA 15 15 15 30 20
d g maximum
' fan-out 15 15 15 30 30
_ (synapees)
3 thresh
Y offset adjust with adjust with adjust with adjust with
. voltage R16 R16 R7 R32 fixed < 5mV
\
‘ MOD 1
By The Mod 1 circuit is characterized by a fixed output pulse width of 1 millisecond and a fixed encoding threshold
$ time constant of 10 milliseconds, the synapee integrator can supply only 1 milliampere of output current, and so is
) limited to driving loads of greater than 10,000 ochms. The pulse output can supply 16 milliampere with a 6-volt
i drop, and 8o can drive a maximum of 15 C* synapse buttons. The initial value of threshold voltage is — 11 volts, and
the maximum value of the output of the op amp is 13 volts. With large input signals, it is possible to achieve a lat-
3 ched condition where the pulse output remains high all the time.
f MOD 2
s The Mod 2 circuit is identical with the Mod 1 except that the synapse integrator is capable of supplying 6
y milliamperes of output current, and can therefore drive any load greater than 2,000 ohms.
y MOD 3
‘ The Mod 3 circuit has several components mounted in pluggable jacks. The feedback impedence on the synapee
A integrator may be programmed by plugging different values of resistors, capacitors, or even inductors into the
~ jacks on the board. The encoding threshold time constant is equal to (C5)*(R11 + R13), and can be controlled by
, plugging in various values of C5. The output pulse width is controlled by C4 and R5. As long as (C4)*(R5) is smaller
K 50
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than (C5)*(R11), C4 may be chosen at any value to select the output pulse width. If (C4)*(R5) is greater than
(C5)*(R11), then the output pulse would end before C5 has a chance to fully charge, and the threshold voltage
would be too small immediately after the end of a pulse. the synapse integrator output can supply up to 5
mllmmlpe?: and drive any impedance greater than 2,000 ohms. The pulse output can drive up to 15 C* synapse
button loads.

MOD 4

With the Mod 4 syncoder, not only is there the provision for plugging in arbitrary feedback impedances on the
circuit board itself; but there is also a switch, S1, which permits the programmer to select the polarity of the en-
coder input signal by either using or not using the unity gain inverter, IC2. As with all C* boards, the computer is
able to sample the encoder input signal through relay K1. However, with the Mod 4 and Mod 5 boards, the encoder
input signal may or may not have the same polarity as the synapse integrator output. The output pulse width is
controlled by the time constant (C5)*(R10 + R31), and the encoding threshold time constant is determined by
(C6)*(R15 + R33). The output pulse width is continuously variable from 50 microseconds to 1.5 milliseconds with
R31. The encoding threshold time constant is continuously variable from 470 microseconds to 10 milliseconds with
R33. If the range of operation needs to be changed, it can be changed by soldering in different values of C5 and C6.
In order to insure complete recharging of C6 during an output pulse, it is necessary that (C5XR10) be greater than
(C6)*(R16). The analog output can supply 5 milliamperes to loads greater than 2,000 ohms. The pulse output can
drive up to 30 C* synapse buttons. The initial effective value of the threshold in the Mod 4 board is 17 volts, and the
maximum output voltage of the synapse integrator is 14 volts. Thus, latch-up is not possible in the Mod 4 board.
ghe effective value of the threshold initial voltage is controlled by changing R5, as explained under Mod 4 circuit

escription.

MOD 5

The Mod 5 circuit is similar to the Mod 4 in that encoder polarity is switch selectable, both the encoding
threshold time constant and the output pulse width are continuously variable with potentiometers, and arbitrary
feedback impedances for IC1 may be plugged into the circuit board. The encoder input is available to the PDP-8S
computer through relay K1. The threshold initial value is about 11 volts, and the synapse integrator saturation
voltage is about 14 volts, so a latch-up condition with large input signals is possible. Both the output pulse width
and the encoding threshold time constant are determined by the same capacitor, so the relative value of the ranges

: of operation are fixed. The Mod 5 boards were constructed in two versions, one with C11 = 0.01 microfarad, and
'\_-‘ the other with C11 = 0.0033 microfarad. Table 12 shows the range of pulse width and time constant for the Mod 5
Board with these two values of C11. Ranges for other values of C11 may be derived from this Table.

Table 12. Mod 5 Syncoder Pulse Parameters
Cil=.01 «F C11 = .0033 -F

minimum 75 us 42 .8
Pulsewidth

maximum 2.5 ms 784 s

minimum 79 us 33 s
Time Constant

maximum 1.01 ms 2.28 ms

The analog output of the synapse integrator can supply up to 5 milliamperes to loads greater than 2,000 chms. The
pulse output can supply up to 30 C* synapse button switches.

THE C* SAMPLE-AND-HOLD CIRCUITS

There are four circuits, identified numerically, on each sample-and-hold board. The output pins to the holes on
" the patch panel are pins W V, B, and A for circuits 1, 2, 3, and 4, respectively. These boards fill almost all the re-
. slots in the card file racks shown in Figure 13, On the left side, row M contains the 17 boards for sample-
and-hold focations A1A through A3V, row N for location A3W through B2R, P for B2S through C1M, and R for
Ciiv through C4H. Slots 15 and 16 in row A contain the 2 boards for C4J through C4R with locations C4S through
CA4Z corresponding to the circuits on boards 15 and 16 in row B. In the right-hand rack, row H contains the boards
for sample-and-hold locations D1A through D3V, row J for locations D3W through E2R, K for E2S through F1M,
and L for F1N through F4H. Slots 15 and 16 in row E contain the boards for locations F4J through F4R with the
remaining locations F48 through F4Z circuits on the boards in slots 15 and 16 of row F.

*atet .
»
-

--------------------------




'
»
'
Y
{
K
.‘
’
.l
"
‘A
A
‘)
‘4
‘A
g
g
:4
1
]
g
]
-
g
"5
4
4
M
R
g
4
A
d
4
.Y
x

---------

&

2y

)

.;;
T There are currently two versions of sample-and-hold circuitry. The Mod 1 circuit makes use of a junction field ef-
'S fect transistor source follower with a complementary bipolar transistor voltage amplifier in a feedback loop to
Loy achieve a stable unity-gain, high input impedance voltage follower. The Mod 2 circuit uses a commercial FET-input
s op amp for the same function. The voltage follower acts as an impedance converter between the storage capacitor

N and the output terminal of the sample-and-hold.

;i‘; All sample-.and-hold relays in C* system are connected to a common bus which is driven by the output of the D-A
o converter. When a relay is closed by the PDP-8S computer, the 1 microfarad storage capacitor charges towards the
k. D-A voltage through a 1,000 ohm resistor with a time constant of 1 millisecond. When the relay is opened by the
?5 computer, the capacitor stores this voltage, and the voltage follower supplies current to its load at the stored

P
o

voltage level.

MOD 1 SAMPLE-AND-HOLD

To understand the operation of the Mod 1 circuit, consider the circuit in Figure 31, where the gate of Q1 is con-
nected to the anode of D102, and the terminal characteristics of the resulting two terminal device are shown. As the
voltage across this combination is increased, the current through it also increases until the pinch-off voltage, Vp, is
reached. For voltages above the pinch-off voltage, further increases in voltage cause only small increases in the cur-
rent. This configuration may thus be used as a constant current diode. If the gate of Q1 is disconnected from the
anode of D102 and the device is placed in a system in such a manner that the drain current equals the pinch-off cur-
b rent previoualy mentioned, while the voltage across Q1 is equal to the pinch-off voltage, then the voltage at the
3 anode of D102 will be equal to the voltage at the gate of Q1. This is the principle of the sample-and-hold circuita.
s The circuit diagram for the Mod 1 version is shown in Figure 32; the circuit board layout is shown in Figures 33 and
; 34; and the components are listed in Table 13. In operation, the capacitor voltage applied to the gate of Q1 is
rq:roducedattheanodeofDloz.mandQ4nervetosupplytheexactvalmofcurrent,Iop,reqﬁredble;andQ3
maintains the exact value of voltage, Vop, required across Q1 to insure zero offset voltage between the gate of Q1
9 and the anode of D102.
3 The voltage across Q1 and D102 is maintained constant by D104 and Q3. D104 serves as a voltage reference, and
»$ Q3 serves as an emitter follower to keep the voltage across Q1 and D102 constant and independent of the drain cur-

2 rent through Q1. The current through D102 and Q1 is controlled by R104 and RS1, which shall be referred to as RS

i for the remainder of this discussion. Because of the nature of the feedback loop around RS through Q4 and Q2,
there is only one stable value of voltage which can be maintained acroes RS. If Q2 tries to supply more current than
necessary, the voltage across RS increases causing the collector current of Q4 to increase, causing a reduction in the
available base current for Q2, and therefore causing the emitter current of Q2 to decrease back to the quiescent
value. On the other hand, if Q2 tries to supply less current than necessary, the voltage across RS decreases, causing
a decrease in collector current drawn by Q4, causing an increase in base current available to Q2, causing the emitter
current of Q2 to increase back to its quiescent value. Thus, the voltage acroes RS is held at a constant value deter-
mined by the forward voltage drop across D103 and the base emitter junction of Q4. By selecting the value of RS, it
is possible to select the current which flows through Q1. Thus, at the time of manufacture or repair, pin D is
grounded, relay K101 is closed, and RS is adjusted so that the output at pin A is equal to zero volts. In this manner
RS is selected to provide the pinch-off current required by Q1 in order that the circuit may acts as a unity gain
voltage follower with no voltage offset between input and output.

Since the open loop gain of the amplifier formed by Q4 and Q2 is very high, this circuit is subject to high frequen-

v
s

A

Y
5

4

s

9’3 cy udlhﬁom if it is not properly compensated. It is the function of C104 to reduce the loop gain of the amplifier
- below unity gain at the loop natural resonant frequencies and therefore to stabilize the amplifier.
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b Figure 31. Conatant Current Configuration
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~ R 4
x The current through Q1, Lop, is determined by the value of RS and the forward voltage drop through the base of - 1
- Q4 and diode D103. Since this voltage is highly temperature sensitive, it follows that the operating current is also -
temperature sensitive. If the voltage across Q1 is maintained constant ‘while the current through Q1 is varied, then .
the gate voltage of Q1 will not track the anode voltage of D102. However, if the voltage acroes Q1 is varied as the o
{ current through Q1 varies so that Iop and Vop remain on the curve of Figure 34, then it is poesible for the offset @
voltage between the gate of Q1 and tﬁe anode of D1 to remain equal to zero. First order temperature compensation
AN of this circuit is achieved by using the temperature dependence of the forward voltage drop across D102 and the T
o base emitter of Q3 to shift the bias voltage between the drain and the source of Q1 in such a way that the -
' temperature dependence of the bias current established by Q4 and D103 is properly compensated. Because the o
various PN junctions are not thermally connected and are not carefully matched, the compensation is not perfect .
- and offset voltage does drift with temperature. ;..’_-J
The circuit operation depends on the fact that diode D4 operates as a stable voltage reference. In fact, as the in- *?‘.“i
; L put voltage changes, the amount of current available for biasing D104 varies. For a — 10 volt input signal in some o
. 4-;’ units, the current through D104 falls below the zener knee, and the voltage across D104 then drops precipitously. -y
o Therefore, not all of the Mod 1 circuits are capable of holding large negative voltages. <
e In summary, the drift and offset voltages associated with this sample-and-hold circuit are due to several factors.
»r The gate leakage current is the primary component of short term drift, causing about 30 millivolts per minute
- drift. The offset voltage is affected by the value of the input voltage, since the voltage across D104 is a monotonic
o function of input voltage. The offset voltage is also a strong function of temperature, since the current through Q1
oy is determined by the temperature dependent junction voltages of Q4 and D103.
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Table 13. Components for the Mod 1 Sample-and-Hold Circuit

ACEW W AV e

Designation Description
C101,102,104 02 VU F ceramic capacitor
¢ C108 1 uF mylar capacitor
e D101,102,103 1N4164 diode
3 D104 1N751 zener diode
4 K101 Automatic Electric PD13001-9 reed relay
% Q1 Fairchild FS20978 field effect transistor
) Q2.4 2N3566 NPN transistor
_ Q3 2N3638 PNP transistor
@ R101 1kQ , 1/2 W, 10% resistor
R102 47kQ , 1/2 W, 10% resistor
' R108 27 k2 , 1/2 W, 10% resistor
R104 500 Bourns 3067P-1-501 E-Z Trim potentiometer
RS1 1/2 W, 5% resistor, value selected for each circuit
MOD 2 SAMPLE-AND-HOLD

The Mod 2 sample-and-hold circuits (shown schematically in Figure 35 and pictured in Figures 36 and 37 with
components listed in Table 14) are plug compatible with the Mod 1 sample-and-hold boards. The circuit makes use
of a high quality integrated circuit operational amplifier with a field effect transistor input stage optimized to
minimize input bias current, a reed relay, and a low-leakage mylar film capacitor. In the circuit description, sll
references will be made to components associated with one of the four identical circuits, section 4, shown on the
loft side of the schematic. All other circuits operate in exactly the same way.

All sample-and-hold board relays are connected to a common signal bus which carries the output of the C* digital
to analog converter. When the PDP-8S closes the relay to any given sample-and-hold circuit, capacitor C12 charges
towards whatever voltage level is currently being supplied from the D-A converter on pin D of the board edge con-
nector. The time constant of the charging cycle is (R12)*(C12) = 1 millisecond. By varying the frequency of the
ml-tmoclock,thedwellhme bechounntanyvaluebetweenSandBOmﬂluecondl.Snbmmngthez
milliseconds required for the mhy close and open, the nominal charging time for C12 varies between 3 and 48
milliseconds. Stated another way, the exponential charging curve runs for an elapsed time of 3 to 48 time con-
stants.

) IC4 is connected in the form of a unity gain voltage follower. R11 provides short circuit current protection for
i thinputmuaduﬁummtmdmomwhmthedxffemhdmputwltagemyemeed 1/2 volt. During normal
g‘cnﬁm.llwmbonthhdcompand with the 10" ohm input impedance of IC4. Thus, the output voltage of

is equal to the stored voltage of C12. The voltage on C12 decays due to internal leakage in the capacitor,
hhpthmghﬂnoponhmnlmpliﬁu hahgemouthepnntadcxrcmtboard nndlenhgeacmuthereed

voltage
iunddulychtpdto +10volb,then10mﬂlivoluofdnftdumgthefmtmnuteuuamllyohuerved This is due
to soakage and form factor readjustment going on within the mylar capacitor. These phenomena die out
by the end of two minutes and then the drift returns to the 1 millivolt per minute quoted above. The slow drift rate
is caused by internal capacitor leakage and op amp bias current, plus the inherent voltage offset drift of the opera-
. R10 may be adjusted to minimize the operational amplifier offeet voltage for any operating
?m.ﬂmnr n&ﬂmtunvmthe ghhliﬁeroffletvmeltoo
0 and C11 are supply bypass capacitors which serve to protect the smplifier from transients on the
bus. also serve to short circuit high frequency energy which, if not shorted out, can cause
oncillations in a system with distributed amplification.
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: Table 14. Components for the Mod 2 Sample-and-Hold Circuit
: Designation Description

C1,2,4,5,7,8,10,11 .06 WF ceramic capacitor
. C3,6,9,12 1 uF mylar capacitor
; D1,23,4 1N4154 diode
s IC1,2,3,4 Intersil 8007C operational amplifier
' K1,2,34 Struthers-Dunn MRRN1A reed relay
' R1,4,7,10 10 k2 Helitrim 89WR potentiometer
) R2,5,8,11 10kQ 1/4 W, 5% resistor

R3,6,9,12 1k , 1/4 W, 5% resistor

MISCELLANEOUS C* CIRCUITS

There are many circuits uwsed in C* control bay which are not discussed in this report. These circuits are
documented in the Maintenance Manual for “Middle C*” Control System and, for the most part, are commercially
available modules. There are, however, four other circuit board types in the C* System which have not yet been
discussed. They are the extra operational amplifiers, the neon lamp drivers, the power supply isolation capacitors,
and the synapee buttons.

EXTRA OPERATIONAL AMPLIFIERS

The synapes integrator section of a syncoder can be used for general analog , but this ties up the
entive syncoder. Aho.thllodlqneodc hmwmaNmSQ-IOopmpmgammm::w
- cusyent of one millismpere. This nhﬁvolybwvduohmhtbnnnmbuohymdenwhwhmbadﬂmwiththl
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analog output. For these reasons, extra op amps were designed into the C* System. However, all other versions of
syncoders have synapse integrator op amps with a 5 milliampere output current capability, so the extra op ampe
mmtmmnd»nwhfumbmhumufwsmdw

Mmﬂmoopmmdamphﬁerumuonuchbond.xdenhﬁednumuﬂy (Ioohngattheeomponent
side of the board with the connector at the bottom, circuit #3 is on the left side.) The schematic diagram is shown in
Figure 38; the circuit board layout is shown in Figures 39 and 40; and the components are listed in Table 15. Thus,
tbdxmopmpmewhhy.mntthehottomofuchmhonofthepawhpamh are contained on two cards,
one for each half of the patch panel bay. Referring to Figure 13, theextmopampsforsechmA,B and C are
loatedonthaclrc\ntboudmolotlsofrow(}(ummtll 2 and 3, respectively). Correspondingly, the op amps on
the board in slot 16 of row D are for sectioic: D, E, and

D X Z w
T [} Q 'y
ClI 75pfd C2 75pf C3 75pftd
—It- ——— i
R3 I00K R5 100K
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Figure 38. Circuit for Extra Operational Amplifiers
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3! Table 16. Components for the Extra Operational Amplifier Circuits
g . L
- 3 Designation Description

C1,23, 75 pF ceramic capacitor
3P C4,6 1 uF mylar capacitor
A 0Al1,2,3 Analog Devices 1066 operational amplifier
e T R1,3,5 100 kQ , 1/8 W, 1% film resistor
e R2,4,6 50k Bourns 3068P-1-503 potentiometer
3 NEON LAMP DRIVERS

Each neon lamp is controlled by a portion of a neon lamp driver board. There are ten circuits, as shown in Figure
41, on each board. Pictures of the circuit boards are shown in Figures 42 and 43, and the components for a gingle
circuit are listed in Table 16. The boards are located underneach each bay and are visible with the drawer pulled
out. There are 17 boards (designated W1 through W17) to control the lamps in each bay. Figure 44 shows the lamp
driver board locations. Table 17 gives the card location and pin number for each neon lamp driver. The connection
between jacks 31 through 36 and the neon lamp driver boards (W1 through W17) can be found in the C* Wiring

A

sy p
[V s 8 sndh )

)
P »
X

2 Manual.
£
3
TO+150
OUTPUTS voLTs bc
RS NEON LAMP
'i}": EACH LAMP DRIVER PINS ~B.D/F, J,L, DISPLAY
2R CIRCUIT BOARD CONTAINS N,R,T.V.X
{0 LAMP DRIVER CIRCUITS.

¥

39K 3 Rl 4.7,10,13,

(56K) 3 16,19, 22,25,28

R2,5,8,11,14
- INPUTS 17, 20, 23, 26, 29
PINS- A,C,E,H,K A L QI THRU Q10
) P, ) 100 RCA 40327
¥ M.P.S,U0.W (120K)
358 R3,6,9,12,15, § 47K
y 18, 21,24,27,303 (56 K) NOTE :
) RESISTOR VALUES
R SHOWN ARE USED
N 2 o IN BAY | - VALUES IN
B PARENTHESIS ARE USED IN
qa = BAYS 2 AND 3.
2"‘23;
e Figure 41. Neon Lamp Driver Circuit
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Table 16. Components for a Neon Lamp Driver Circuit
Designation Description

G A RL

vy )

Y Q1 RCA 40327 NPN transistor

‘,, Rl 39k (56kQ ) resistor

! R2 100 kS (120 k ? ) resistor

s R3 47k Q (56 k 01 ) resistor
3]

i NOTE: All resistors are 1/2 watt, 10% tolerance. (Values shown in parentheses are those for bays 2 and 3 which dif-
fer somewhat from those of bay 1).

BACK OF BAY

e

a e
3 wir| [PINA *PIN 7| !
X ﬁ\ i

¥, .

a: (%
a AY

wi | [PINA —»PIN 2|

J3I  J32 J33  J34 J35 J36 R
D D D .

FRONT OF BAY

. Figure 44. Neon Lamp Driver Board Locations -
(3 :...:
b 3

X

POWER SUPPLY ISOLATION >
Capacitance isolation is employed for each of the + 12, — 12, + 15, and ~ 15 volt power supplies to the syncoder NG
MMhMl&uhmpthmmmeammmwmeMpmhm2md A
3, the 17th slot of rows A, B, C, D, E, and F each contains a circuit board with the capacitors isolating each of the gy
fgmmlyhnuforthatmof.ymd&bouds These circuits are not described in any further detail in T
report. Koy
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Table 17. Neon Lamp Driver Locations

Card Pin
B D F Jd L N R T A X

w1 Al A2 A3 A4 Ab A6 A7 A8 A9 Al0
All  Al12 A13 Al4 Al5 Al16 A17 A18 A19 A2
W3 A21 A22 A23 A24 A26 A26 A27 A28 B1 B2
W4 B3 B4 B6 B6 B7 B8 B9 B10 Bil Bi2
W5 Bi3 B4 Bl5 Bi1é Bl17 Bl8 Bl19 B20 B21 B22
W6 B23 B24 B25 B26 B27 B28 C1 Cc2 C3 C4

A A AR P

3

P

& W7 Cs5 C6 C7 €8 C9 Cl0 Ci1 C12 Ci13 Cl4
z W8 Ci15 Cl6 C17 C18 CI19 C20 C21 C22 C23 C24
) W9 C25 C26 C27 C28 D1 D2 D3 D4 D5 D6
i: w10 D7 D8 D9 D10 D11 D12 D13 Di4 Di5 Die
‘ Wil D17 D18 D19 D20 D21 D22 D23 D24 D25 D2
\ Wi2 D27 D28 E1 E2 E3 E4 E5 E6 E7 E8
3 W13 E9 EI0 E11 E12 EI3 El4 EI5 E6 E17 EI8
3 Wi4 E19 E20 E21 E22 E23 E24 E25 E26 E27 K28
! Wis5 F1 F2 F3 F4 F5 F6 F1 F8 F9 FI10
% W16 Fi1 Fi2 F13 Fi4 Fis5 Fi6 F17 F18 F19 F20
¢ W17 F21 F22 F23 F24 F25 F26 F27 F28

:

$ SYNAPSE BUTTONS

A synapee button is used to connect selected syncoder analog output signals and sample-and-hold voltages to syn-
coder summing juactions. (Not all such connections must be made through synapee buttons, only those which are to
be “gated”, i.e. controlled, by syncoder pulse outputs.) The synapse button circuit board, which contains four
separate circuits, is mounted in clear plastic with its connector (wires terminated with patch panel plugs) extending
from the body. When inserted in a network, the synapee buttons hang on the front of the large patch panel with the
other connectors. A single pulse input lead simultaneously controls all four circuits. The four syitches may be plug-
ged into four different voltage sources and may be used as inputs to four different synapee integrators. That is, the
. synapse button functionally resembles a four-pole, single-throw relay.
gt Each circuit is a symetrical shunt type switch whose output must be connected to the summing junction of an in-
verting operational amplifier for proper operation. The circuit schematic is shown in Figure 45; the circuit board,
"y . prior to being encapsulated in clear plastic, is pictured in Figure 46; and the components are listed in Table 18.
Resistor R2 is connected to the virtual ground summing junction of a synaptic integrator, and R1 is connected to an
analog voitage source called the weighting voltage. When the pulse input is low (- 12 volts), D1 is forward biased
and transistor Al, operating in an inverted mode (using its collector as its emmitter), is saturated. The 2N4058
transistor hes a current gain of three in the inverted mode, but an extremely low saturation voltage of less than
three millivoits. Thus, when Q1 is saturated, any current through R1 resulting from the weighting voltage is
shunted to ground through Q1A and has no effect on the op amp. _

When the pulse input goes high ( + 12 volts), diode D1 is reverse biased and transistor Q1 turns off. Because Q1 is
operated with an open base during its off state, the turn-off time constant is approximately 30 microseconds. That

[ Sttt

resulting

! Mhﬁmﬁdbamdthrm;nél.

: The synapes button is not an ideal switch. In the off state the signal is attenuated 54 dB relative to the on state
Mlﬂﬁn%htﬂhﬂ. When a positive weighting voltage is applied, the off state provides

An
and back to the off state. Voltage spikes are produced on the leading and trailing edges of the switching pulses;
capacitors which make the syncoder input operational amplifiers “leaky integrators”
diminish the voltage spikes significantly. Measurements made on the Mode 5 Syncoder Board with a 75-picofarad
fesdback capacitor showed that the worst case occurs when the weighting voltage is zero. In this case a — .5 volt
63
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'::' spike on the leading edge of the switching pulse followed by a + .5 volt spike on the trailing edge is added to the i’
‘ ~.‘t—‘ S(t) voltage value. Measurements were made at the output of the first operational amplifier. A weighting voltage of ~:: -
S5 — 10 volts produces a trailing edge spike of 0.3 volts while a + 10 volts weighting voltage produces no spike what-
v-W soever. These measurements were all made using the typical 75 picofarad feedback capacitor. A larger capacitance o
will reduce the voltage spike even further. .

! Voltage spikes would be a problem only if several synapee buttons were summed together at one syncoder and vQ'Q
! gated simultaneously. While it is common for the on states of two or more syncoders to overlap, it is highly unlikely -
LY. that the leading and/or trailing edges to exactly coincide. It is necessary for the operator to recognize that the on KR
R states of two or more synapee buttons may overlap. Weighting voltages may take on values between + 10 voits and <
=Y — 10 volts. If the instantaneous summation of weighting voltages seen by a given syncoder exceeds =+ 12 volts, the 4
. output comparator (Mod 5) will saturate and erroneous results occur. The same caution applies to all syncoder

A% ANALOG ANALOG ANALOG ANALOG

8 IN ouT iN ouT

YLy
PP A4 .
o . tgtenty 41 n

e "
o TN AN S

-l;.: R3A
. 2K

i

PULSE ~
INPUT

G ALL TRANSISTORS - 2N4058 T.1.
50 ALL DIODES —~ IN4i154

Ny Figure 45. Synapee Button Circuit

Table 18. Components for the Synapse Button Circuit
Y Designation Description

D1 1N4164 diode
' Q1 2N4058 T.1. PNP transistor
e R12 499k , 1/8 W, 1% film resistor
My R3 12kt , 1/8 W, 5% resistor
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Figure 46. Synapse Button Circuit Board
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POTENTIAL APPLICATIONS

The C* System is a unique general purpose signal proceesing device; however, its special attributes are best ap-
plied to multicomponent time-varying signals. C* can process many signals simultaneously - performing a
simulated neural tranformation, differentiating, integrating, summing and/or comparing selected combinations of
signals. The use of plug-in circuit boards with tunable parameters and patch panels with patch cords incorporating
electronic components such as resistors or capacitors makes C* a very flexible system. Not only can C?* be program-
medtoperfolmnvnmtyoffunctlons,butprepmeemngofmmputandpoetproeemngofxtsoutputcanfurther

increase its capabilitics.
. C’maceeptahrgenumbetofmputs Thewtualnumberwoulddependontheprocemngdemred ultimately be-

hunammophmeufdthmghamﬂpmprwmﬂedmuﬂogwcﬂu.ﬂtboughmymﬁmof
analog cochleas sxist, each is basically a tapped delay line (cascaded, low-pass) filter set. (Glaesser et al, 1963; Steer
etaLl976)0urcurrentvmonsendl48hme-vnmngugnalatoC"however on1y24mbemgprooeesedatthe
present time,

Although C* can be programmed to detect certain combinations of coincidence, this is also limited by the number
of syncoders available. But it can supply a large number of outputs (both analog and pulse) to other devices such as

a digital computer or a special hardware device. With some special proceesing of pulse outputs, 32 channels are fed -
baPDP-llm digital computer for data reduction. Recently, the primary data reduction technique, reference pat-
tern correlation, has been realized in a real-time hardware device.

This potential on-line pattern recognition system could fit many applications. In the acoustics area, we have used
it for speech recognition (Warmuth, 1978) and target identification using sonar or doppler radar returns. As a fur-
ther example, with the appropriate tranducers and preproccesors, such as a spectral colorimeter or a photo matrix
sssembly, classifying the color or the shape of subjects could be investigated.

RECOMMENDATIONS

The C* System was developed as a tool for the study of large neuron networks which would require prohibitively
large amounts of computer time to simulate in software. The need for a large number of individual neuron model
units, coupled with the ability to readily interconnect and control them has been met with the C* System. However,
soveral recommendations can be made for future considerstion concerning the general system.

First, the ability of the C* System to accurately model a neuron network is dependent on the ability of the syn-
coder to model an individual neuron. Therefore, a continued effort should be made to improve the syncoder as a
mnﬂ&hmw:ﬁmdmﬁcpﬁmiph,wm'mmm&edmuhﬁmmmmﬁsﬁc,lhoﬂd
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Second, the existing system is physically very large. A potential solution to this problem would be to develop an
intergrated circuit (IC) containing one or more syncoders in a single IC package. This would reduce the size of the
system as well as its power requirements.

Finally, the real value of the C? System is in its flexibility and the ease of changing networks. Thus, it is impor-
tant to maintain a reasonable number of available syncoders for additions and changes. As a given network grows,
large numbers of syncoders may become tied up in subnetworks which will never be changed. As these static
subnetworks are identified, an analysis should be made of their functioning as a whole; and a separate special pur-
pose hardware circuit built to perform that function. Such a circuit might not utilize syncoders at all, but would
produce the same outputs as the original syncoder subnetwork. This would free many syncoders and help maintain
the capacity and the flexibility of the C* System in its use as a tool for neuron network experiments.
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