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PART I

INTRODUCTION

This handbook is & discussion of the transistor circuitry used in
the Lincoln TX-2 computer. The circuitry itself, the operation, and the
use of all of the TX-2 plug-in units are explained. These units include
all those used in the central machime, index memory, display system,
toggle switch storage system, imput-output units, and control. Ppart I
describes the general methods by which transistor cir@uitry is used to
implement the logic of the computer.

Part IT gives a detalled description of each of the plug-in units
used in TX-2. BEach plug-in unit is assigned a serial number, which is
mentioned in the text where the unit is discussed. This number is
iﬁdicated by the color code on the handle of the unit itself (the colors
are read from cutside to imside).

Part ITI, the reference manusl, lists the serial numbers of each of
the units in order. Bach left-band page carries & circuit diagram of
the unit; on the fecing page iz & block schematic diagram and & few
salient facts about the unit. The user will find it advantageous to
refer to the reference manmual in comnection with his study of the
elrcult discussed.

In order to avoid needless duplication, numerous references are
made in the text of this bandbook to M-notes issued by Division 6, which
contain information pertinent to the TX-2 circuitry. of specisal
importance is 6M-L968, "The Lincoln TX-2 Computer;” by W.A. Clark et al,
issued April lst, 1957. Tt contains a logic outline of the computer,

& discussion of the imput-output system, & discussion of the memories
and memory circuitry, and a general outline of the central computer
circuitry. Tt is recommended that 6M-4968 be read in conjunction with
this handbook, although it must be remembered that the M-note was
written before the actusl construction of the machine, and thus there
are meny details which bave been changed.
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At the end of this handbook is ineluded & list of M-notes pertaining
to TX-0 (& small gemeral purpose tramsistor computer constructed as a
precursor to TX-2), TX-2 itself, and surface barrier transistors in
general. The specificationms of the various types of surface barrier
transistors used in TX-2 are also given.

TX-2 is an experimental research machine; freguent additions and
modifications will be made &8s more knowledge is gained from the comstruc-
tion and operation of the computer. These changes will be incorporated
in new pages punched for easy insertion in this handbook.

GENERAL DISCUSSION

In TX-2 there are two logic levels of imformation: ground and -3
volts. Timing pulses are negative, with an amplitude of from 2.5 to 3
volts and & width of from 80 to 100 mysec. The primcipal supply voltages
used for the surface barrier tramsistor (SBT) circuitry are -3, =10, |
and +10 volts. The +10 volts on some of the lines cem be varied from O
to 420 volts for marginal checking. In addition there is a -30 volt
supply used for imput-output devices, driving releys, etc.

The L~-5122 and [-5134 SBT’s are used for high speed work. AND and
OR gat;é;s are formed from inverter or emitter follower combinstions.
Tﬂiming pulses, generated by vecuum tube circults s are gtepped down by
rulse transformers to 3 volt, 0.1 psec m@g@tive pulses which are used in
the computer. ) These pulses are gated by the register driver circult.
The cascode comfiguration is used as & power amplifier to cbtain fast
rige and fall times. There is & high speed flip-flop capable of 5 mcps
operation, end & much simpler dusl flip-flop for low speed work to 800 keps.

A standard set of symbols shown in Figure 1 is used for all TX-2
block schematic drawings, and for all drewings in this handbook. PFigure
2 is & system schematic drawing of TX-2, showing the principal registers
and information paths.
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PACKAGING

All TX-2 circultry is packaged in plug-in units each measuring
approximately 1 by 2 by 6 inches long, and containing from 4 to 1k
transistors and associated resistors and condensers. (For the central
. computer there is an average of 8 transistors per PIU.) In general there
are two etched wired cerds per plug-in unit; these are connected by wires
to an 18-pin plug and mounted in & steel frame to prevent flex;ng, The
components are mounted on the etched cards by hand-soldering either to
solid turret lugs or small eyelets. Pilctures.of two typical plug-in
units (one using turret lugs snd the other using eyelets) are shown in
Flgure 3.

TRANSISTORS

? The high speed logic circuitry for T™X-2 is based on the use of
Philco surface barrier transistors for which the specifications are
given in an appendix to this handbock. Also in the gppendix is a
transistor nomenclsture reference which lists the transistor manufacturer
and the experimental type desigmstions plus the EIA or MIL designations
which may have since been sssigned. With certain exceptioms that will
be noted later, all imverters and emitter followers are L-5122 (2N240)
transistors. Micro-alloy L-513k (2N393) transistors are used where a
high current gain at relatively high current levels (10 - 70 ma) is
required. Thus the L-5134 is used as the power output stage of the high
speed flip-flop, in the inverting cascode and cable driver; as the pulse
gating transistor in the register driver, and in some input-output
eircuitry. There are e few places in the machine where a very high
frequency, high current trensistor is needed, snd here the Philco micro-
alloy diffused-base transistor 2501 (previcusly known as the L-5409)

is uged. For a detsiled discussion of the L-5122 parameters; refer to
6M-4955 by D. J. Eckl, for some notes on the L-513k transistor refer to
6M-5193 by J. W. Lengford, and for some notes on the 2N501 refer to
6M-5856 by J. W. Langford.
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IOGIC

All the high speed logic for TX-2 is performed with transistors by
what might be termed "level logic®. The AND and OR functions are obtained
by mixing and gating levels; never is one pulsé used to gate another.
The levels are generated by flip-flops, which are set, cleared;, or
complemented by pulses arriving at & basic synchronous clock rate. The
levels are transmitted throughout the computer by means of open ﬁgre or
twisted pair wire depending upon the length of line. The necessary logic
operations are performed with these levels which may be used to gate
pulses on or off through register driver circuits. The pulses coming
out of register driver circuits are sent directly to flip-flqpséﬁ Tﬁey
may be gated by other levels at the input to each flip-flop{ and, by
means of transistors a number of pulses may be mixed at this point. In
the TX-2 system pulses can be gated only twice: once at the register
driver and once at the flip-flop itselfOI\Therefore when many cdnsecutive
stages of logic are to be performed, they must make use of levels rather
than pulses. - .

Logic levels at ground and -3 volt potentials are used to convey
information. In TX-2 a flip-flop is said to be seb ‘to the ONE state when
the ONE output is at -3 volts. Therefore if one wishes a -3 volt level
to be the result of setting a flip-flop, one connects the output wire to
the ONE output; conversely, a ground level results if this wire is ‘
connected to the ZERO output. " e

The AND and QR gates that pérform level logic in TX-2 are formed
from either emitter followers in parallel or inverters in series and/or
parallel. The AND gate for ground level in, ground level out, is formed
by connecting emitter followers in parallel as shown in #igure 44. An
inverting AND gate for ground lewel in, -3 level out, is formed by’
connecting inverters in parallel as shown in Figure 4B. An inverting
OR gate for ground level in, -3 level out, is formed by connecting
inverters in series as shown in Figure 4C. The polarity of the input
signal determines whether a given gate is AND or OR. Thus, in order to

specify the logic function of any particular circuit configuration, it is
necessary to specify the polarity of either the input or the output.
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Only two L-5122 inverters can be connected in series for two reasons:
1) the 0.15 volt drop across one saturated transistor is multiplied by
the number (n) of inverters in series and the output then becomes 0.15n
volts below the required ground level; and 2) ‘the collector current

I of the transistor Q, nearest ground is equal to B, + I, + I
c 1 5 b2 b3

R

etc. where Es is the supply voltage, RL is the load resistance, and Ib s
2
Ib etc. are the base currents of all transistors between Ql and the

3
supply voltage. Thus the transistor nearest ground will tend to come

out of saturation if there are many transistors below it. The number of
inverters that may be placed in parallel is limited by the delay which
can be tolerated. The fall transition time (measured at the 1036 points
from the point at which the input starts up from -3 volts to the point
at which the output returns to -3 volts) is shown as a function of the
number of inverters in parallel in Figure 5. (The input rise time is
about 20 mysec.)

When emitter followers are placed in parallel to form an AND éate,
the transition delay time is considerably less than that of inverters.
The rise transition time; as a function of the pumber of emitter followers
in parallel, is shown in Figure 6. The‘rise transition time is measured
at the 1070 point near the grouﬁd level.
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PART II - CIRCUIT DETAILS

CENTRAL COMPUTER
COunt1n§ Circuits for TX-2 logic are formed by flip-flops and

inverters as shown by the block diagram, Figure 7. Each count pulse is
separated by 0.4 usec to compensate for the delay imposed by the flip-
flop and the inverters.

If a faster counting rate is required, emitter follower circuits
(Pigure 8) are used which need only 0.2 usec between each count pulse.
These circuits, hoﬁever, ugse more transgistors, and so complicate counters
containing a large number of digits.
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Taverter In the circuit shown in Figure 94 the values of load
resistance (Rl)y input resistance (Rg), and positive bias resistance
(R3)lare chosen to give maximum tolerqnce to signel variations, noise
voltages, and trensistor parameter veriations consistent with the
necessary driving capabilities. The result is a circuit for vhich the
maximum output current at -3 volts is 2.9 ma; minimum input current is
1.0 ma (1.2 ma at -3 volts); positive bles current from +10 volt is
.15 ma, which gives a positive blas of .31 volts above ground. All of
the inverters work from & -10 volt supply.

The actual voltage at the collector, however; is never allowed to
exceed -5 volis; it is clemped to =3 by en emitter follower, or by a
voltage divider to ground formed by the input resistance to an inverter
following it. However if the inverter is accidentally unloaded it will
not be damaged. The minimum punch-through voltage (emitter-to-collector
voltage) of the L-5122 and L=5i5h is 6 volts. TIf the transistor were to
ﬁunch,through at this voltage, the power dissipation would be only
10 mw -- not enough to damage the transistor. The value of the
capacitor (C,) is chosen so that with & 3 volt imput signal, the
capacitor will store a charge at least as large as that contributed by
the hole storagé of & transistor with the maximum allowable hole storage
coefficient. Thus sufficient overdrive is provided for minimum rise
and fall transition times. A single inverter provides enough current to
drive either two other inverters; three emitter followers, or one
inverter and one emitter follower. The d-c transfer characteristic of
the TX-2 inverter circult is shown in Pigure 10.
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The following plug-in units consist of L[-5122 inverters such as are
described above:

Inverter P-6 (No. 02)

Inverter §-8 (No. 03)

Inverter P-5 (No. Ok4)

Inverter $-6 (No. 05)

Inverter P-8 (No. 24)

Toverter §-8R (No. 32)

Inverter P-10 (No. 33) (Two transistors nearest ground are L-5134)
Parity Circuit (No. 3k) (Also contains 2 emitter followers)
Inverter §-8RA (No. 46) (Conteins 3 L-513% and 1 2N501)
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Bmitter Follower The circuit shown in Figure 9B is used as a logic
element and as a current amplifier. An emitter follower msy be driven

from an inverter, in which case it is kept in saturation when turned on
since its base is returned to -10 volts through the load resistance of
the previous inverter. An emitter follower may also be driven from a
cascode circuit or from another emitter follower. In these cases, the
base is returred to =3 volts through the very low resistance of a
saturated transistor. One emitter follower may drive amother only if the
first is driven by an inverter, and is thus saturated from -10 volts.
Usually the emitter is returned to +10 volts through & 3.9K reslstance

to limit the total emitter current to 10 ma. Thus the maximum output
current is 6.7 ma. If a larger reverse current from +10 volts is needed
(as when driving several inverter bases as fast as possible, or when
driving the emitter of a pulsed transistor) the load resistance may bve
decreased to 2K (or two 3.9K resistors in parallel) provided there are

at least two emitter followers in parallel in the same unit to share the
dissipation in the "off" condition. In this case the output current is
limited to 3.5 ma. Therefore one emitter follower will drive a meximum
of 3 inverter bases if sufficient time is available or 5 emitter follower
bases if the current limitation is observed.

The following plug-in units consist of 1-5122 emitter followers such
a8 are described above:

Bnitter Follower 8 (No. 06)
Bnitter Follower 4 (No. O7)

Address Decoder (No. 13) (Contains 12 emitter followers and 4
’ sets of output diodes.)

Enitter Follower 9 (No. 35)

Time Level Decoder (No. 37) (Contains 5 emitter followers and 2
cascode circuits.)
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Cascode and Ceble Driver (No. 08) The circuit shown in Figure 38
(in Reference Manual) is used in TX-2 as a power amplifier to provide
fast rise and fall times and to supply a large amount of current in both
the ground and -3 volt states. Consequently it is used as the output
stage of the high speed flip-flop, as a power amplifier for driving a
large number of bases, and as a cable driver. The input signal is
applied simultaneously to the bases of the inverters, Ql and an The
output of the inverter Ql drives the base of Q3 Therefore the inputs
to Q2 and Q} are always opposite in phase so that in the steady state
only one transistor is conducting. QB acts as an emitter follower which
provides the driving current in the -3 state, and pulls the output
quickly down to -3 volts. Q2, acts as an inverter which provides the
driving current in the ground state; and pulls the output quickly up to
ground. Thus, the circuit exploits the fast fall time of the emitter
follower, the fast rise time of the inverter, and makes the total current
available to.the load since none is required in load registances.

The TX-2 plug-in unit contains four independent inverting cascode
circuits. A level input is required which swings from ground to at
least -2.5 volts. The input transition times must be less than 0.2 pysec;
the required input current is 2.4 ma at -3 volts. The maximum output
current of. 30 ma at -3 volts and 20 ma at ground is sufficient to drive
20 bases (either inverter bases or emitter followers) and one pulsed
enitter from the direct output (piﬁ H; etc.). The delay contributed by
the cascode circuit is approximately 30 mpsec.

The same cascode unit is used to drive video cables from pin M; etc.
through the 82 ohm resistor included in the unit to properly terminate
the driven end of the cable. A series termination is possible because,
unlike the emitter follower or inverter, the cascode circuit looks like
a very low impedance (less than 10 ohms) when driving in either direction.
Therefore reflections are completely absorbed at the inmput end of the
cable and no termination is used at the output end. Each cascode cable
driver circuit will drive one 93 ohm RG62fJ cable or one twisted pair
line. (Two lines may be driven by adding another 82 ohm resistor on the
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back panel.) The maximum output current available at the end of the
cable is 4 ma in either direction.

93 ohm cable is used in TX-2 to drive voltage levels to and from
memory, input-output units, etc. Twisted pair wire (No. 22 stranded,
Teflon insulated, twisted 2 turns per inch) is used to drive voltage
levels over lcng distances within the central computer.
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Timing Pulses TX-2 uses a vacuum tube clock to produce timing
pulses at a 2.5 meps basic clock rate. Two pulse ocutputs are avallable

from the 2.5 mcps generator; one (B phase) is delayed 0.2 ysec from the
other (@ phase). The a and g pulses differ only in their reference to
some arbitrary zero starting time. By means of this system, one event
can occur at an interval of 0.2 pysec after another despite the fact that
the maximum prf of the pulse transformers and amplifiers is only 2.5 mcps.
For example, a flip-flop can be set on an a pulse and sampled 0.2 psec
later on a g pulse.

Each pulse output phase of the clock is fed to & shaper and then to
a shaper amplifier which driver 10 vacuum tube driver amplifiers (No. 61;),*
The output of each of these is a 40 volt positive pulse which, in turn,
drives 5 buffer amplifiers (No. 67). Negative 30 volt (variable 25-35),
0.1 ysec pulses from the buffer amplifiers are transferred to the
computer frame over 93 ohm RG62/U coaxial cable. Each buffer amplifier
drives one cable. At the end of each cable a non-inverting T:1 pulse
transformer provides -3 volt pulses for the transistor register drivers.
Pulse transformer units (No. 36) are plug-in packages containing two
pulse transformers and the proper termination for the cable. The
transformer is wound on a Ferramic H toroidal core ,** with & primary
winding of 14 turns of No. 30 wire, and a secondary of 2 turns of No. 22
vire close-wound over the primary. Across the secondary a resistive
load of 2.5 olms properly terminates the cable and transformer. The
maximum additional load on sny one transformer is 10 ohms; this is
equivalent to 4 fully loaded register drivers on at the same time.

The tubes used are Sylvania, type 6888.
General Ceramics F-625 (.375 0.D-)
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Register priver (No. 09) The circuit shown in Figure 40 (in
Reference Manual) is a gate which passes clock pulses only when both

level inputs are at ground. The register driver incorporates no pulse
gain; it is merely & pulse switch. The TX-2 plug-in unit conteins three
such gates; two of which have a common pulse input. There are four
transistors. to each gate. Ql and Q2 form & level AND gate that allows
a pulse to pass only if there is a ground level at the inputs to both
their bases. If there is a -3 volt level at either input, there will
be no pﬁlse output. In operation, the pulse input is applied to the
eollector of Q3° Provided that Ql and Q2 are held off by ground level
inputs, the base of QB will be saturated from the =10 volt supply. Thus
an output pulse will appear from the emitter of Q}“ This trensistor

is an L-513k4 used to carry the large pulse current necessary to drive a
register. Ql& is used when driving large amounts of capacity to pull the
output up to ground at the conclusion of the pulse.

The 70 ma meximum output pulse current from the register driver is
capable of driving a maximum of 20 bases (active or imactive). The
input pulse current required is equal to the output current. A minimum
input pulse of 3 volts is required by a fully loaded register driver.
The maximum voltage drop across the driver is 0.5 volts. The required
set-up time is 20 mpysec. The level imput current required into each
base is 2.13 ma at -3 volts, and 0.6 ma at ground. The input level is
specified at ground or e minimum of -2.5 volts. If this level input is
driven from & cable or twisted pair line, one cable may drive either one
or two register drivers.
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High Speed Flip-Flop (No. 01) uses RC coupling between inverters,
and a cascode output. ql and Q2 are normally conducting pulse amplifiers
which are cut off by a positive input pulse (going up to ground) at the
"zero" or "one" input. Q3 and Q, are the flip-flop transistors them-
selves which are RC coupled in the normsl manner. A positive input
pulse cuts off Ql or q2, opens the emitter circuit of Q3 or Qh’ and
changes the state of the flip-flop. Q5 and Q6 are amplifiers which are
used to saturate the emitter followers of the output cascodes. Q7 and
Qg and Q9 and Q,, form the cascode circuits on the "one™ and “zero”
sides respectively. These four transistors are L-5134's, used to carry

the heavy output current regquired of the flip-flop. Q15 and th are
steering gate transistors which are wired internally to the flip-flop.
In order to set, clear, or complement the flip-flop, one of the points
"ONE IN", "ZERO IN", or “COMP. IN” is brought up to ground by a circuit
such as the one shown in Figure 1llA. Alternately, the circuilt in
Figure 11B may be used, if the ground level is supplied by & cascode
circuit. A meximum of one pulse tramsistor amnd two level transistors
may be used in series for input gating to the flip-flop. (The steering
gate transistor or the cascode transistor which provides the ground
level is considered as a level transistor.) A meximum of 15 pulse
trensistors may be connected in parallel to any of the flip-flop imputs.
ng is an ungated clear imput which is intermally wired. A 2.5 volt
negative pulse is applied at the "CLEAR TH"”.

The maximum usable prf of this flip-flop is 5 mcps and it has a
nominal logic delay of 0.1 ysec. The maximum total transition time of
fully losded flip-flop is less tham 0.2 psec. The maximum output
current is 30 ma at -3 volt, and 9 ms &t ground. Thus the flip-flop
will drive 20 bases in the -3 gtate, and will carry a meximum of 3 base
currents plus one pulse current im the ground state. Plots of the
output voltage ve. load current for & tramsistor meeting minimum
specifications are given in Figure 12, and plots of the rise and fall
transition times vs. the pumber of lcads being driven are given in
Figure 13. Plots of transi@i@n times vs. pulse amplitude are shown in
Figure 1k and those of pulse amplitude vs. prf in Figure 15.
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The input to the pulse gates to the flip-flop must be a negative
pulse with & minimum amplitude of 2.5 volts, and a width of from 0.07
to 0.12 psec for complement. The inmput pulse current into the base is
approximately 2.5 ma. The flip-flop may be set or cleared with a 3 volt
negative level, provided the level returns to its original ground state
before the flip-flop is again changed.
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mrginal eheckiné of a8ll the high speed circuitry in TX-2 is done
by varying the 410 voltage on the base of the inverter transistors.
Increasing this positive blas effectively reduces the negative base
current and tends to meke the transistor come out of saturation.
Reducing the positive bias supply tends to allow the transistor to
conduct when it should be held off;, and incresses the fall transition
time. BEmitter followers are not directly marginal checked. The flip-
flop has two marginal checking lines, so that when one line is varied
and the other is held at fixed +10 volts the flip-flop becomes un-
balanced and will fail at a certain point. The minimm acceptance
margin on inverters is ¥10 volts either side of the +10 volt supply.
The minimum margiﬁ on flip-flops is -8 and 410V, and that on register
drivers is -5 and +10V.

L!arginal checking curves for the following circuit parameters
appear in Figures 16 and 1T:

Voltage Margins vs. pulse amplitude.
Voltage Margins vs. prf.
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S-8RA (No. 46) is a special plug-in unit used only in the carry
circuit in the X-adder. In logic and lay~out it is identical to the
8-8R, which consists of 8 inverters and two load resistances. However,
in the 8-8RA, Q); Q,, and Q; are replaced by L-5134 trensistors. Q,
is a type 2N501, the high frequency Philco micro-alloy diffused-base
transistor. 39 is a 1000 ohm load resistor for these transistors. The
A version reduces the delay time of the comventional carry circuit which
caused poor margins and slowed up the operation of the X-memory. The
A circuit is faster in two ways: Qh is the only transistor which is
actually in the carry chain, and the fast response time of the 2N501
saves a considerable amount of delay time over 18 digits. By increasing
the load current from 4.2 ma to 10 ma, it is possible to charge the
stray capacitance faster, and to further reduce the delay. The result
is that the carry time for the X-adder circuit is 0.42 ysec for 18
digits, which is about 23 mysec per stage.
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Power Protector (No. 22) prevents either over-voltage or the wrong
polarity voltage from being applied to the transistors through the
voltage distribution system. The power protector unit is connected
between the appropriate voltage line and ground. If the voltege on this
line exceeds the specified limit; the Zener diode will conduct and cause
the power transistor* to conduct heavily. §o much current will be
conducted through this transistor that the circuit breaker on the line
will trip and remove all power from the computer.

ggecificati@ns
Nominal Supply B} Protection Limits
=3 voltss at -4.0 volts, current less than 50 me

at =5.5 volts; current greater than 10 amps
&t +2.0 volts, current greater than 10 samps

=10 voltsg at -1l volts, current less than 50 ma
at =15 volts; current greater than 10 amps
at +2 volts, current greater than 10 amps

+10 voltss at +11 volts, curremt less than 50 ma
at +15 volts, current greater than 10 amps
gt =2 volts, current greater than 10 amps

Delco 2R1Th
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Variable pelay Units. A .l psec negative pulse applied to the

“ variable delay unit (No. 23) will provide a -3 volt output level for a
period continuously variable from .3 pysec to 2.2 gsec. Five coarse ranges
are obtained by prewiring the socket for the unit, and fine adjustments
are made with the potentiometer® within the unit. The maximum output
currents are 15 ma at -3 volts, and 6 ma at ground. The end of the delay
can be made to occur synchronously with a clock pulse by the use of an
added inverter P-5 unit (No. O4). with the variable delay auxiliary unit
(No. 51), it is possible for the output of & decoder network to choose
any one of four values of delay within any one particular range. It is
possible to obtain a delay which will last for a given time after the last
of a series of input pulses if two variable delay units are used along
with the varieble delay coupling unit (No. 49). (The same coupling unit
may also be used when triggering one variable delay unit from another. )
The input to the delay unit may be a negative 2.5 volt, 0.1 usec pulse,
or a negative-going level which is at least 20°/o shorter than the
maximum desired delay time. An input pulse current of approximately

2.5 ma is required for triggering. "

For normal asynchronoué operation, pin J is connected to pin D,
and pin N is connected to pin I,. The capacitance is selected according
to the delay range desired. The delays available, the pProper-pin
connections, and the necessary recovery time (constant for any given
capacitance) are given below:

Bourns TrimR, 132-7==EJ.00 ,000
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VARTABLE DELAY UNIT (Conmt.)

Capeacitance Pin Minimom Maximum Recovery
Pos . pfd. Connection Delay Delay Time
1 -00047  N-L 0.3 psec 6.0 ysec 0.2 usec
2 .01 N-L-F 1.7 ysec 110 psec 0.5 psec
3 .22 N-L-H 34  psec 2.4 msec 5.0 psec
h 6.8 N-L-M l.0msec 80 msec 130 psec
5 180 N-L-R 26 msec 2.2 sec 8 msec

For t7 .5 puseconds the delay as a function of capacitance is
given approximately by .1u¢ < t < 12¢, where ¢ is the capacitance in
ufd. and t is the length of delay in milliseconds. For longer delays
than are available from the capacitances within the unit, added
capacitance may be connected between pin I. and the -3 volt supply.

The operation and uses of the variable delay unit (No. 23),
variable delay auxiliary unit (No. 51), and variable delay coupling unit
No. 49) are completely described in 6M-5216, §l; the original design of
the delay unit is described in 6M-5216.




Delay Lines. Three sepaiate delay lines are used in TX-2 for memory
control timing. oOne is & .15 psec, 50 ohm line, (No. 57) used for
controlling the timing of the strobe pulses for the §-memory. This is &
20 section line using coils* and separate capacitors. Either end of the
delay line can be used as the input. Reference to the figure below will
show that any delay betwéen O and .15 pysec can be obtained in steps of
7.5 mpysec. The end of the delay line should be terminated with 50 ohms;
no termination is used at any of the taps. The maximum losd at any tap

is one inverter base.

INPUT “ ,
T P T
| | T T T

The second, the inhibit level delay line (No. 48), is used to
control the timing of the inhibit levels for the S-memory, and is also
8 20 section tapped line. However, certain capacitors have values which

compensate for the stray capacitence of the computer wiring at the

output taps. Consequently this is a special delay line which can be used
only for the steted purpose. The nominal total delay time of this l;ne
is .15 pusec; the taps are 7.5 mysec apart; the nominal impedance level

is 220 ohms. Consequently the end of the line should be terminated with
220 ohms. ‘

Coils manufactured by R.D. Brew Compeny
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The third is & .4 ysec, 75 ohm delay line (No. 58), used to control
the timing of the pulses for the memory control flip-flops. This is a
4O section line using capacitors and Brew coils. Any delay between
0 and .4 ysec can be obtained in steps of 20 mysec, depending on thé
selected output tap and on the end which is used for the input. The
line should be terminated with 75 ohms.
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Gated Pulse Amplifier (No. 56) is a two-stage transformer-coupled
amplifier for 0.1l psec 3 volt negative pulses. In TX-2 this unit is
used primarily for amplification after a pulse has gone through a delay
line. The input transistor is an L-5122 and may be gated in series at
the emitter or in parallel at the collector by conventional TX-2
circuitry. The output 2K501 transistor is capable of driving 10 bases
and & 100 ohm termination with & 3 volt pulse. The input looks like a
single pulsed base. The maximum prf of this pulse amplifier is 2.5 mecps.
The transfer charscteristics, and a full description of the design and
use of this circuit are given in 6M-5590.
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INDEX MEMORY

A complete description of the index memory (X-memory) is given in
6M-4968, "rhe Lincoln TX-2 Computer”. At the time that these circuits
vere designed, the only high speed tramsistor available was the L-5122,*
with its low current gain amd 6 volt emitter-collector voltage limit.
For higher voltages, the best cholce was the QNIQB** which has an 8 mcps
alpha cut-off. The index memory circuits have since been redesigned to
use the better tramsistors which have recently become available. Fewer
transistors and lower driving currents aré needed for these new circuits.
TPhegse faster circuits also eliminate vacuwum tubes and their associated
power supplies. The memory cycle time has been decreased from 4.0 psec
to 3.6 ysec, and the access time has been decreased from 0.8 usec to
0.6 usec.

The L~5l3h* has approximstely the speed of the 1-5122, but has a
much higher current gain at high collector current levels. The 2N501%
bas a 15 volt emitter-collector voltage limit, is considerably faster
than the 1-5122, and has & 35 mw maximum dissipation limit. The L-5432
is essentially equivalent to the type 2N50L, except that it has a 30
volt rating and 150 mv dissipstion limit. The 2§580 © tramsistor is
somewhat faster and has a considér@bly higher current gain at high
currents than the original type 2R123.

The read driver (No. 19) has undergone significant change. The
present circuit comsists of two L-5432 tramsistors. These transistors

are used because they are fast and have & high beta at pulse currents
of over 100 ma. Bven when operated at conservative loeds they have
sufficient voltage and power @ap&bilities to drive the memory. A
groundllevel &t the inmput causes & READ pulse by cutting off Ql, which
saturates Q?o Q? is an emitter follower which, when saturated, passes
the 117 ma negative READ pulse.

*  Pphileo

General Electric

e
RCA
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INDEX MEMORY (Cont.)
The write driver (No. 21) has been changed by replacing the 2N123
transistors with types 2N501 and L-5134 to save O.4 ysec in the WRITE time.

Important changes have also been made in the read amplifier and
digit driver (No. 16). The first two transistors of the read amplifier
part (i.e., the sense amplifier) were changed from L-5122 to L-5134. The
digit driver part, which previously consisted of two 2N123 transistors,
is now made up of two NPN type 2N635* transistors. These transistors
provide a faster digit driver than that of the original system and one
that incorporates more current gain.

In the select circuit first level (No. 17) and the select circuit
second level (No. 18) all L-5122 inverters have been replaced by L-513L
inverters, and the 2N123 transistors have been replaced by the 2N580 type
which are somewhat faster and have largercurrent gain. These changes

have reduced the driving current requirements and increased the operating
margins of the system with respect to both current drive and timing.

General Electric
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DISPIAY SYSTEM

General
The display decoder (digital-to-amalog converiter) PIU's are used

as part of a high speed electrostatic display system. wWhile the Iwo
~stage decoder (No. 26), four stage decoder (No. 27), and focus decoder
(No- 29), PIU's may have fairly gemeral use, the position decoder (NWo. 28)
{more properly the decoder position stage), the decoder gain section

No. 30), and the decoder power unit (No. 31) are quite specialized and
can be explained best with referemce to the decoder schematic shown in

Figure 18.

Figure 19 outlines the gemeral primciples of the display position
decoder. Each blt of the decoder requires s switch in series with &
current source adjusted to a negative power of two corresponding to its
digit significance. Since the one!s complement number system is used,
the sign bit is adjusted to equal the sum of the currents in all the
other stages.

To illustrate, a glven positive number set into the switches
causes an unbalance in the eurrents flowing to the "one” apd "zero”
outputs. The egquivalent negative number is obtained by reversing all
switches, i.e., by complementing the imput. The new current unbalance
is the same except that the signal previously flowing through the "one"
output now appears at the "zero” output and vice versa. Since the
deflection plates of the cathode ray tube sense the difference signal,
the deflection for the negative number is egqual in megnitude to, but
opposite in direction to that of the positive number.
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The two stages at the right of Figure 20 [included in the decoder
gain section PIU (No. SO)J have no switches. They set the lower voltage
point of the deflection amplifier. If they were not present, an
amplifier with minimm signal would tend to go to zero volts and, of
course, saturate. These switchless stages also help provide a satisfactory
gain control. Any gain control which changes either the total current
of all current sources or the gain of the amplifier itself also shifts
the average or common mode voltage of the deflection plates, end
destroys the astigmatism adjustment. Any maladjustment of the astigmatism
setting in turn degrades the spot size. To circumvent this problem, gain
reduction is accomplished by reducing the current in the digit sources
and increasing, by the same amount, the current in the non-digit sources.
Thus, a constant total current flowing to the amplifiers is maintained.

The power for the decoder is separate from the d-c¢ supplies for
the central computer to prevent modulation of the decoder by the computer
program. A constant — voltage transformer eliminates the effects of
variations in the a-c¢ input and maintains a stable -50 volt supply to
the decoder. Since the decoder load does not vary, no load regulation is
required. The actual voltages used by the decoder are obtained by
special internal supplies in the decoder power and gain PTU's.
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Four gtage Decoder (No. 27). Esch stage of the decoder consists
of a current source transistor in series with a two-position switch. The
current through any one stage is determined largely by the emitter
current at pins E;K,L or F. This is determined, in turn; largely by an
external resistance, by the PD reference voltage, and by the output of
the decoder gain section (No. 30). The voltage difference between these
two supplies is variable from about 15 to 30 volts. The current out of

the first stage curremt source, Ic 5’ will then be

BN ) < 2<(B)( 5m)

Re is the external resistor, Es is the average or d-c¢c common-base current
gain of Qg, and subscripts min and max refer to lowest end-of-life
conditions and highest initial values respectively.

If pin A is at ground and pin ¢ is &t =3 volts, the "0 output
current signal will be

a1 Ies + Ie%

and the "1” ocutput current From this stage will be T cog”

If pin C is set to ground and pin A to -3 wvolts, the current R0l
output will be

- R ]
G2 I.g Ieol

and the ¥1" output current will be I@@gf
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Since the display tube is primarily sensitive to difference signals,
the differential change in current as the A-C pin terminal pair input is
complemented is

(@ - @) 1., + Teog = Teoy * Teoy = Teoy

o Stage Decoder (No. 26) This circuit is used in the first six
bits of each axis of the position decoder.

Buffer FF signals are comnected to pins U and ¢ (D and V in the
second stage). The PD reference voltage is connected to pin N; pins S
and P (B and F) are jumped as are E and A (R and T); the stage current
is established by a resistor from pin H (J) to the decoder supply
voltage output of the decoder gain section PIU.

The 100 ohm resistors in series with each collector have a dual
use. They damp any resonant circuits and thus prevent oscillations and
they monitor leakage currents and gains of the individual transistors.

The use of two transistors at each point of the e¢ircuit can be
illustrated by discussing the current transfer of the current source of
stage 1 (transistors Q5 and Qé)a The signal into the current source is
the emitter current Iin of Q6 which divides between the collector and
base of Q6’ &6 of the current is collector output current, and 1 - 3’6
of the input current appears as} Q6 bage current and thus as Q,5 emitter

current.

U‘H
)
f=4

~
~
i
R
~
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This Q5 emitter current also divides and thus the Q5 collector
current, which is now equal to I, (1 - Eg) 55, is recovered as output
current to the emitters of the switch. This is added to the collector
current, 3'6 I in’ coming directly from Qéo Therefore the current transfer
ratio is:

== el

dg + r - 5%)«

If both Q, and Q5 have q's of 0.98, then the transfer ratio of the
pair would be 0.9996. The current transfer ratio of the switch (Q1 and
Qe; Qg and QM) is & similar expression.

The silicon diodes in this decoder stage are used primarily to
reduce leakage currents by insuring that each emitter-base diode of the
off side of the switch is reverse biased. They also aid slightly in
decreasing the transition time of the switch.

Focus pecoder (No. 29) contains four pairs of NPN transistors.
It is a simple decoder of relatively low accuracy; suitable for such
digital-to-analogue conversion purposes as driving an audio amplifier
from the outputs of & flip-flop register; etc. It is used in the high
speed display system for driving the intensity amplifier and the
astigmatism control circuit.

Position Decoder PTU (Ko. 28) forms the position comtrol stages
for the X and the Y decoders. The bases of Q6 and Q7 are connected to
the taps of a dusl ganged potentiometer comnected to provide cpposite

variations as the control is varied. - This potentiometer is supplied with
the PD reference voltage through an emitter follower, Q5, and is returned
to =40 volts. Thus, if the control is started with pin E at the PD
reference voltage and pin K at -40 volts, Qi emitter current will be zero
and Qp emitter current will be approximately 0.25 ma. As the control is
varied, the "0" out current will linearly increase and the "1" out
current will linearly decrease until the "0% out is now 0.25 ma and the
1% out is O ma. The total current is constant at all times and so the
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astigmatism is not disrupted. Also, the central position of the display
is unaffected by the gain control.

Decoder Gain Section PIU (No. 30) contains two series regulated
power supplies (Qi, Q» and Q5; Qas Q, and Q6) and two switchless decoder
stages. The use of these latter circuits is explained in the section
dealing with the general principles of the decoder.

Supply voltages for pins ¢ and § can be varied by the gain
control -- a cross-coupled dual potentiometer located between the -40
volt supply and the PD reference voltage. Thus, as the voltage at ¢
increases by one volt, the voltage at 8 decreases by one volt.

Q1 and Qp form a difference amplifier. Q, modulates the base
current of Q5 and thus varies the currént available to the load connected
to pin A (the other terminal of the load is, and must be, connected to
a more positive potential). The feedback to the base of Qu strives to
maintain the voltage difference between A and ¢ constant and ideally
zero. The circuit is stabilized by two external capacitors -- ome
between pin A and -40 volts, the other between pin T and ground.

The connection to the =45 volt point provides reverse bias for
the series regulator transistor and helps establish the proper operating
point for the difference amplifier.

Decoder Power Unit PIU (No. 31) supplies -40 volts, the position
decoder reference voltage, and -45 volt bias for the gain section power

supplies from the -50 volt regulated supply.
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The -40 volt supply is obtained from an emitter follower, Qg, whose
base is held at -40 volts by two double-anode Zener diodes” in series.
A constant current is supplied to these diodes by Qla- and its associated
5.4 volt Zener diode.

The PD reference voltage supplies the bases of all the decoder
current sources and, therefore, must be regulated with respect to the
=40 supply rather than ground. Five 6.2 volt double-anode Zener
reference diodes*** are supplied with a constant current by Q,. The
output is from an emitter follower, Qi. The variatiors of the Q; emitter-
base voltage with temperature will partially compensate for similar
variations in the decoder current source transistors.

Low impedance of these voltages at higher frequencies is insured
by by-passing the -40 volt supply to ground and the PD reference to the
40 volt supply.

Hoffman, type 18229, purchased to 20 volt ‘l’5% specification.
Texas Instrument, type 651C9, 5.4 volt '3,’5%0

¥ Hoffman, type 1Wi29a, 6.2 volt ¥5%.
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INPUT-0UTPUT
Toggle Switch Storage Three different plug-in units are used in
the toggle switch storage systems

78S resistor driver (No. 39)
TSS 25 volt power supply unit (No. 41)
7SS digit detector unit (No. 40)

A complete description of the design and operation of the TX-2 toggle
switch storage system is given in 6K-5661. Brief descriptions of each
of its units are given below.

The TSS resistor driver (No. 39) includes two circuits, each of
which uses a I-5122 inverter to drive another inverter combination of an
L-5134 and & 2N123 in series. These, in turn, drive a &-52830* emitter
follower. An input current of 1.2 ma at -3 volts is required to produce
an output wvhich swings from ground to -25 volts in phase with the input.
The maximum output current is 125 ma &t -25 volts and 6 ma at ground.
Transition times are about 1 ysec.

The TSS 25 volt power supply unit (No. 41) consists of a single
H- emitter f‘ollower which cbtains its collector voltage from the
-30 volt computer supply. The base of the H-6 is biased at -25 volts
and the ocutput is taken from the emitter.

6**

The TSS digit detector unit (No. 40) contains six separate
detector circuits, each consisting of a single [,-5122 inverter with a
Stabistor voltage dropping diode (T8320G)in the base circuit instead of
the usual resistor and capacitor. The jmput current required is 1 ma and
the maximum output current is 2.9 mea at -3 volts. The transition times
are about 0.5 psec.

Western Electric
* Minneapolis Honeywell
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Schmidt Trigger, Mod II (No. 53) This circuit provides am output
between ground and -3 volts that is independent of the rise and fall
times of the input. The output level is inverted with respect to the
input. The circuit triggers when & rising input reaches -0.9 volts;, and
the output falls in less than 0.15 psec. It also triggers when a falling
input reaches -2.2 volts, and the output then rises in less than 0.1 psec.

There are two identical ecircuilts per plug-in unit,; with independent
inputs and outputs. Each cirecuit comsists of the trigger circuit itself
made up of two NPN 2N357*trmsistors , and an L-5134 inverter amplifier.
With the required input current of 0.5 ma, the maximum output current
from the inverter is 15 ma at both ground and -3 volts. This is enéugh
to drive a cable through the 82 ohm series resistance which is provided.
A filter network with a time constant of 2.2 millisec is also available
within the unit. For the first cireuit; filtering is obtained by feeding
the signal into pin §, and connecting pin R to the normal input at pin T.
The normal output is obtained from pin Vv, and the cable driver output
from pin §. The filtering for the second circuit is similar.

* General Transistor
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PETR Amplifier (No. 54) amplifies the signal from the photo aiode™
in the photo-electric tape reader. A negative input signal is required,
and the sensitivity can be adjusted by varying the 500K 'rrimpot**
potentiometer included in the unit. The ocutput is a signal which swings
from ground to -3 volts in phase with the input. The maximum output
current is 2 ma in the ground state and 3 ma at -3 volts. The maximm
transition time for both rise and fall is 5 psec. There are two identical
amplifier circuits per plug-in unit, with independent inputs and outputs.

Sylvania 1NTTB.
b Bourns Trimpot, 120-15-500,000
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Solenoid priver (No. 38) snd Electric Typewriter Circuitry The
power to drive the sclenolds in the TBM Electric Typewriter for TX-2
output is obtained from F-6 transistors. The solenoid driver unit
contains two 2N241 inverters, esch of which drives cne -6 inverter.
Load resistors for the E-6 inverters are external to the unit and are
connected to -30 volts. (The coil of & solenoid itself may comstitute
the load resistence.) The driver unit supplies & 600 ma output at a
swing of ground to =30 volts from & 2 ma input swinging from ground to
=3 yolts. A ground level imput energizes the solenoids.

~ The Four H-6 Unit (No. 42) contains only four H-6 tramsistors
mounted on & heat sink with the emitter; bese;, and collector of each
transistor brought ocut to separate pins. The specifications of the unit
are equivalent to those of the transistor itself. . The maximum collector
current is 2 amps; the maximum collector-emitter voltage is 60 volts;
the minimum end-of-1life g iz 25. Thus the imput current must be equal
to at least the output current divided by 25. The maximum power
dissipation of the unit is not specified, but the collector Junction
temperature must be held to less than 80 degrees ¢.

The Typewriter Diode Unit (Wo. bb) is used for level mixing.
Each unit contains two groups of 8 1N537 silicon diodes” with the
cathodes within each group comnnected. All anodes are brough"b out to
geparate ping. The maximum current through any cne dicde is 750 ma,;
and the pesk inverse voltage is 100 volts.

General RBlectriec
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Lamp Lighter (No. 68) is an amplifier to supply current to light
the 30 volt lamps on the console. This unit is identical in lay-out and
pin connections to the solenoid driver (No. 38) but uses different
transistors and different component values. There are two lamp lighter
circuits per plug-in unit.

A ground level is required at the input to light the lamp; a -3
volt input level will keep the lamp off. The input current reguired is
0.65 ma at -3 volts and the maximum output current is 100 ma at -30Q volts.
The lamp is connected directly between the output and the -30 volt supply.
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Mercury Relay Signal Generator (No. 5¢0) provides several output
signals under control of a single push button. From “Level Gate No. 1

out" a level is obtained which goes from -3 volts up to‘grpund, remains
at ground as long as the button is pushed, and then returns to -3 volts.

From “Level Gate No. 2 Qut”, the level goes from ground to =3 volts,
remains ﬁegative as long as the button is pushed, then returns to ground.
The maximum level current available is 15 ma &t =3 volts. For driving
short lines (less than 3 feet), the level output may be taken directly
from pins M or C to drive an open wire. For longer lines, a coax cable
or twisted pair line should be used and the output obtained through the
82 ohm series terminating resistor from pins I, or B.

From "pulse Gate out”, a 0.1 psec 3 volt negative pulse is
obtained when the button is pushed. The pulse current is sufficient %o
drive a 100 ohm cable which can, in turn, drive two transistor bases.

The same considerations relative to the length of line to be driven apply
to pulses as well as levels. Pulse driving lines, however, must be
terminated with 100 ohms for proper formation of the pulse.

It should be noted that the mercury reiay contacts are of the make-
before-break type. Consequently there will be a time at the beginning
and end of the output level when the signal at both level output gates
will be at ground. This length of time is approximately 700 ysec. Thus
the level output wave-forms lopk like this: ‘

. = = —Gnd
¥o. 1 out ﬂ :'. _
i . | i . - —=3V
! | | '
4 [ ' {
1 700 ‘ 700
epsecy kpsec
| ! P2 |
1 i t } — —md
No. 2 Qut
- - =3Y
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The mercury relay* and the push button and associated resistor and
capacitor decéupling must be mounted externally to the plug-in unit. It
is essential that the decoupling shown in the circuit disgram (Figure 104
in Reference Manual) be mounted at the push button. Its purpose is to
filter out the contact bounce of the push button by inserting a low-pass
filter between the button and the mercury relay coil.

*clare G 1012
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.1 ysec Pulse Former (No. 55) generates a 0.1 pysec 3 volt negative
pulse from either a rising or falling input swinging between ground and
-3 volts with a transition time of less than 0.2 psec.

The pulse former requires a risihg‘input of at least 2.4 ma at pin
D to cut off Ql and Qk simultaneously. A falling input would be applied
to pin N (pin J e@mted to Pin D) to go through the inverter qs, which,
because of its gain, requires an input of only 1.2 ma. In either case,
the output of the emitter of Q’3 is driven immediately down to -3 volts.
The negative waveform travels down the lumped-constant 0.1 pysec delay
1line a.nd causes Q2 to.conduct 0.1 psec after the inmput is applied. when
Q2 conducts, the base of Q3 goes back to ground and the output rises to
ground. The resultant 30 ma 0.1 yeec negative pulse is enough to drive
& terminated 100 ohm cable or twisted pair lime.
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Input Mixer (No. 45) and Input Mixer Amplifier (No. 52) fThe Input
Mixer will mix two levels from imput-output equipment in the in-out frame.
There are four separate circuits per plug-in unit and each circuit has
two inputs and two outputs. Rach circuit comsists of two pairs of
transistors: the first is a PNP inverter (Qi) in parallel with an NPN
emitter follower (Qp) with the output at pin A, and the second consists
of two NPN emitter followers (Q,3 and Qh) with the output at pin ¢. The
input to the circuit is at pin H, and the gating input is at pin M. with
pin M at -3 volts, the desired negative output appears at pin A if the '
input at pin H is at ground, and at pin ¢ if the input at pin H is at
-3 volts. If pin M is at ground, both outputs are at ground regardless
of the input at pin H. The possibilities are summarized below:

Input gate Out 1 out 2
Pin H Pin M Pin A Pin C

-3 v =3 v Gnd negative
Gnd. -3 v negative Gnd

-3 v gnd gnd Gnd.

Gnd Gnd Gnd Gnd

The operation of the other 3 circuits is similar. Pin M is the

common gating point for inputs at pin H and pin §; pin I is the common
gating point for inputs at pin N and pin F.

The input current required at pin H is 1.2 ma at -3 volts s and
0.5 ma at ground. The gating input current required at pin M is 2 ma.
The negative output current available is 3 ma.
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Input Mixer (No. 45) and Input Mixer Amplifier (No. 52) (Cont.)

The negative output signals from a number of input mixers are
mixed and fed into the input mixer amplifier which contains four separate
transistor inverters with a diode input for each. The input current
needed for each inverter is 2 ma at -3 volts, end 1 ma st ground. The
meximum output current of the input mixer amplifier is 3.6 ma at -3 volts.

When the amplifier is used in the computer, the output signal is
fed through a cascode cable driver which i‘einvefta it, and sends it out
over a cable to a flip-flop in the E register of the central computer.

The signal which originally came from pin ¢ of the input mixer is used to
gate a base input to the SET side of the flip-flop; the signal which
originally came from pin A gates the CLEAR side of the same flip-flop.
Thus, provided that the gating input at pin M of the mixer is at ~3 volts,
the flip-flop will be either set or cleared depending on the input at

pin H. 1If the gating input at pin M 1s at ground the state of the flip-
flop will not be changed.

A block disgram of this system is shown below:

H c
'n’au'l‘ ,"'PUT ’”PL)T —-_0 Cascode
Ms A Mixer Cable
| o | Amplifier [~ Driver

M
-3
Go?‘e



6p-2631 62.

IN-OUT LOGIC CIRCUITS

Introduction

h The logic units to be discussed in the following part of this
bandbook are used in connection with the input-output equipment. The
basic inverter circuitry is all a-c coupled, instead of being d-c coupled
as is the high speed logic circuitry previously discussed. Tt is the
rising transition from -3 volts up to ground which does the work. IL-513k4
transistors are used throughout, and the inverter output swing is clamped
to =3 volts by a d.iode* end to ground by the transistor itself. The
circuitry is designed to operate at a meximum speed of 800 kcps -- a much
lower prf than that of the central computer. The time constants are such
that 1.2 psec is needed between one event and the next. Diodé mixing is
by capacitor-diode gates which provide logic OR gates when their outpﬁts
are in paral;el.

¥clevite: CTP~592
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The Capacitor-piede Gate (No. 63) (CK) is used to form a positive
pulse from a waveform which is rising from -3 volts up to ground. The
required input cem have & maximum rise time of 0.2 usec. Peak input
currents of 2 ma in the transition toward ground amd 1 ms in the transition
toward -3 volts are required. The set-up time for the gating input is
1.2 ysec. The gate is sc biased that the output pulse goes from -0.6 volts
up to about +2 volts with & width of approximately 0.3 usee. Up to 10
gates may be comnected in parallel to form am OR cireuit. Plug-in unit
Fo. 63 contains six such gates, with independent inmputs and outputs,
except that two outputs are comnected in parallel at pim A. For the first
circuit, the imput is at pin B axd the output is at pin A. Pin ¢ is a
geting point; & ground input gates the pulse on, and & -3 volt input of 1 ma
prevents the pulse from being formed. The positive pulse is used to cut
off the base of a transistor which is pormally biased on from a negative
supply. The other five circuits are similar. -
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.3 psec Pulse Former Mod IT (No. 60) forms a positive or negative
3 volt pulse (ground to -3 volts or -3 volts tq ground) from a positive-

going wave front. The negative pulse is used to trigger the variable
delay unit and the high speed flig-flg;_a_; the positive pulse is used for
triggering a capacitor-diode gate or the low speed dual flip-flop.

This pulse former unit consists of a capacitor-diode gate and two
clamped L-5134 inverters in series. A negative pulse output is obtained
from the first inverter (Qi), the positive output from the second (Qg).
There are two i&en‘bical circuits per plug-in unit with separate inputs
- and outputs. For the first circuit the input is at pin D, the gating
point is at pin F, the negative pulse output is at pins B and V¥, and the
positive pulse ocutput is at pin H. Pin J is the point at which other
capacitor-diocde gates may be connected to form an QR circuit.

The input specifications and conditions for gating are the same
as for the capacitor-diode gate (No. 63). The maximum negative pulse
output currentb is 3 ma at -3 volts, and the maximum positive pulse output
is 6.5 ma at -3 volts and 10 ma at ground.  Depending on the width of
the input pulse the output pulse width may vary from 0.3 to 0.4 pysec,
and the rise and fall times are less than 0.2 psec.
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output pistributor (No. 59) and Qutput Mixer (No. 65) These plug-
in units each contain 4% L-513k @l@mped. inverters for logic operations
associated with the im-out egquipment, and to drive 93 ohm csgbles or
twisted pair lines to and from the in-out frame. Bach emitter is brought
out separately so that it can be gated on by a gfound level at the emitter.
Bach tramsistor of the output distributor has a load resistance plus an
82 ohm series terminating resistance for driving cables. The basge inmputs
to Q1 and Qy are common &t pin A, and the inputs to Qg and Ql& are common
at pin B- The ou@ut mixer hag all four inputs end outputs at separate
pins; the one load resistdﬁc’ and one cable driving resistor are brought
out to separate pins. Thus transistors im the output mixer may be placed
in parallel with those in the output distributor. '

Both distributor and mixer units require an imput current of 2.2
ma at -3 volts, and O.4 ma at ground. Qutput voltage levels of these
units are clamped at ground and -3 volts. The maximum output current
available is 2.9 ma at -% volts, and 15 ma at ground. Thus, when driving
a cable or. twisted pair lime through the 82 ohm resistance , the rise time
at the end of the cable will be equal to the rise time of the current
through the tranesistor (about 30 mpsec), but the fall time will be long
because of the limited current available in the -3 direction. wWhen
driving RG62/U 93 ohm cable, the f£all time will be spproximately egual
to 16 mpsec per foot of cable or & mimimum of 30 mysec. 3
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Line priver (No. 66) is similar to the output distributor and
output mixer in that it contains four L-5134 clamped inverters, and is

used in association with the in-out equipment. However, its primary use
is for driving RG62/U coaxial cable or twisted pair lines. Its input
and output pin connections are identical to those of the cascode and cable

driver (No. 08}, with four separate inputs, four direct outputs, and four
outputs through 82 ohm series terminating resistances.

The input current required is 2.2 ma at -3 volts, and 0.4 ma at
ground. The maximum output current available is 7 ma at -3 volts, and
10 ma at ground. Each line driver transistor will drive one cable, with
a rise time of about 30 mysec and a fall time of about 8 mysec per foot
of ceble (minimum of 30 mysec).
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Dual Flip-Flop Mod IT (NQO 61) provides logic levels of ground
and -3 volts. Every plug-in unit containe two independent flip-flops,
each of which has two L-5134 RC coupled inverters (Qi and Qy), two
cepacitor-diode gates, and two additicnal transistors (Qg and Q%) to
drive an indicator light.

Because of the 1.2 psec set-up time of the capacitor-diode gates,
the maximum prf of this flip-flop is 800 kcps. The unit may be set and
cleared internally but external logic delay provided by capacitor-diode
gates is required for complementing. The proper connections for
complementing the f£lip-flop are shown in Figure 20. The output voltage
is clamped at ground amd at -3 volts. The maximum output current is.
6.5 ma at -3 volts and 5 ma at ground. |

The inputs at pin B "SET IN,” and pin D "CLEAR IN,” set and clear
the flip-flop from a level which is rising from -3 volts to ground. These
inputs are similar to those of the capacitor-diode gate except that they
cannot be gated. The flip-flop may &lsc be triggered from 0.1 psec
pulses applied through the conventional Lwﬁlég two transistor gate, using
en external 10K resistor to -10 volts and a clamp diode (CTP-592) to -3
volts. The collector of the gate is conmected to ping B or D for setting
or clearing. This circuit will be less semsitive than that of the high
gpeed flipoflogxand will require a minimum trigger pulse of about 2 volts.

Plots of voltage margine ve. prf avd voltage marging vs rise time
of the input waveform are given im Figures 21 and 22.

Up to 10 capacitor-dicde gates (No. 63) may be connected in
parallel at pins A ("ONE IN") and ¢ ("ZERO IN") &s an OR gate to set or
clear the flip-flop.
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Synchronizer (No. 62) consists of one dual flip-flop Mod II
(No. 61) to which is added two diodes and a resistor. Thus the
synchronizer unit includes two flip-flops, four capacitor-diode gates,
two mixing diodes, and a bias resistor. Tt synchronizes with the central
computer clock asynchromous pulses or levels from in-out equipment.

In normal operation, pin J (the ZERO output of the second FF) is
connected to pin N, the common gating point for the ZERO inputs. The
asynchronous input comes in to pin ¥V of the capacitor—diodé gate which
can be gated at pin T. The synchronous clock pulse input consists of
positive levels (=3 volts up to ground) 0.4 ysec wide occurring every
1.6 ysec. The clock pulse input at pin D is applied in common to the
CLEAR and SET inputs of the 2nd FF and to the CLEAR input of the 1st
FF. The output of the synchronizer is usually taken from pin R, the ONE
output of the lst FF. ’

At the beginning of the operation both flip-flops are in the ZERO
gtate. The asynchronous level or pulse from the in-out device sets the
1st FF to & ONE a.nd the' output at pin R goes from ground down to -3 volts.
The next clock pulse sets the 2nd FF to a ONE because the capacit;ar»-diode
gates on the ZERO input sides are both gated off.

The following clock pulse clears both flip-flops to a ZERO since
the ZERO input gates are now gated on by the ground level from pin J.
Thus on the second clock pulse, the synchronizer output at pin R goes
from -3 volts up to ground. It is this positi#eagcing transition that is
used as the synchronous output.

The input and output specifications for this unit are the same as
those of the dual flip-flop Mod IT (No. 61).
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Relay Unit (No. 69) consists of two double-pole double-throw
relays* each of which can switch & maximum of 2 amps. Each relay draws
16.5 ma through its 1825 ohm coil resistance at nominal -30 volt operation.
The actual voltage required to pull in any of these relays is a maximum
of -20 volts and any of them will drop out at no less than 3.5 volts.

*cla.re, Type F, No. RP 7638
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REFERENCE MANUAL
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HIGH SPEED FLIP-FIOP
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_INVERTER P-6

Hendle Color: plack Red

Drawing Number; p-67285 (ug); p-86866 (eyelet)
Pd Rubers 63-582 (lug); 63-1023 (eyelet)
Transistors;” 6 L-5122 _

Power Supply Voltages: 410 MC; -10

Use: Inverters for logic and gating. Contains 2 loed resistors

. Remarksg

f111 transistor type numbers are ldentified with manufacturer in appendix

B D Vv
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FIG.27
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INVERTER 8-8

Hendle Color: Black Qrange

Draving Number:; p-80129 (lug); D-86867 (eyelet)
PW Rumber: 63.582 (lug); 63-1023 (eyelet)
Trensistors;” 8 L-5122

Power Supply Voltages; +10 MC

Use: Inverters for logic and gating

Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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IRVERTER P-3
Handle Colors thk Yellow
Drewing Number: pD-67255 (lug); D-86518 (eyelet)
PW Rumber:  63-582 (lug); 63-1023 (gyelet) A
Trensistorss” 5 1-5122 ' |
Power Supply Voltages: +10 MC;  -10 |
~ Uses Inverters for logic and gating. (onteins 2 load resistors.

~ Remarkss

‘ *All transistor type numbers are identified with manufacturer in appendix
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INVERTER 8-6

Handle Color: Black Oreen

Drawing Rumber: D-67254 (lug); D-86865 (eyelet)
A Number: 63-382 (lug); 63-1023 (eyelet)
rrensistorm® 6 p-5120

Pover Supply Voltages: +10 MC

Use: Inverters for logic and gating

Remarksg

*All transistor type numbers are identified with manufacturer in appendix
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EMITTER FOLLOWER 8

Hendle Colory  Black Blue

Draving Number: D-67273 (lug); D-86827 (eyelet)
PW Rumber; 63-581 (lug); 63-1021 (eyelet)
Trensistors:” 8 1-5122

Power Supply Voltages: 410

Use: Emitter followers for logic and current amplification. Contains 4
« load resistances

Remarkss

*All transistor type numbers are identified with manufacturer in sppendix
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EMITTER FOLLOWER 4

Handle Qolor: Black Violet

Draving Number: p-67272 (lug); D-86826 (eyelet)
P Number: 63-581 (lug); 63-1021 (eyelet)
'rra.nn:lstors:* b 1-5122 .

Power Supply Volteges; 410

Use: pEmitter followers for logic end current amplificétion. Contains 4
load resistances ,

.. Remarksg

*All transistor type numbers are “id.entifie'd with manufacturer in appendix

uno +/0v
2o
8 9 9 8
B D v
J L R N
6 7 7 ¢
£ *‘0117 Q3
H —@ VR4
K- — @8
/f" mQ7
U=4/0v v L7

Pz-3v | FIG.37




SCHEMATIC
[ CARD ‘B"

A +IOVYMC

2200

@O
Ri®
@D e
|
| RIS
il RI®
82 2200 82
@ rREP > RED| 3 RED
’ HILCO cé PHILCO J’ /LCo Pﬂlito
L-5122 5134 3 L-5/22 #.-5134 83 s
YEL. ' YEL.
! . ey
; G
PHILCO -
RS WL-5134 RED -3v 87 *Lo5734 RED
2200 o
% ri7

v @

(e

R24

Ri2,
8z

82

4

/
2200 2200

SRR

FIG. 38
CASCODE AND CABLE DRIVER

P-84655
w ety
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CASCODE AND CABLE DRIVER

Rendle colorg Black QGrey

Drawing Number; D-67159 (lug); D-86555 (eyelet)
PW Number: 63-51k (lug); 63-1022 (eyelet)
fransistors:” 4 L-5122; 8 L-5134

Power Supply Voltages: +10 MC; =33 «10

Use: Inverting power amplifier, and cable driver for 93 ohm ceble and

twisted pair wire.

Remarkss &4 circuits per PIU

' *All transistor type numbers are identified with manufacturer in appendix
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REGISTER DRIVER

Hendle Color: Black White

Drewing. Number: p-67976 (iug); D-8ho2h (eyelet)
PW Number: 63-624 (lug); 63-1027 (eyelet) |
Transistors;” 9 L-5122; 3 L-5134

Power Supply Volteges: 410 MC;  +10; -10

Uses Pulse gate for driving register of pulsed bases

Remarke; 3 circuits per PIU

*All transistor type numbers are identified with manufacturer in appendix

Gnd

#/0v  ouT |  ourp? +/0y U

P P lee
MAM Hls K> R 'g’
Q2 Q> TN
| i -4
Q3 Q4 Q8 Q7

K 3 #DOv our s
-/3\/ A
S w_J F
Pulse in 5
7 IN L
. A R
| e Q| Qiz
A=+10,MC Y o]
P=+]0v
K= -/oy FIG. 41 o
U= Gnel Dil

Pulse 1n
2

~/Ov



+10v

2-67141
A gea

B
:L CARD A4 l CARD B —~
=3y, 59
el (‘ GA/D
Y ;
@p/ 2200 2300 R °§T
nz-
: f;1zcnv lz e RS §° ‘J_'(P';’
“¥cre ‘ 1A N
2 §_g2.unil_a3, ' 8 d L5122
2hee Eﬁ'/ Tl 1 . Lm1 Sa| 985S
] £ § | g g g
] -
|
l g—-
Rae
N 2200 o¥T
YAl ouT | N :
p an ; i g carg” Y
Ad) 57 I k;
i cRe 7
£ | _esusmd| oe | 0
L-QS‘IZ?. 8 i et Rt LCSMZ W
5 &. : | 5
+-1
|
5 l@‘g
M 1
IN, I3 S (’b
cc IN N INN
A B 8’
FIG. 42

ADDRESS DECODER
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ADDRESS DECODER

. Handle Color: Brown QOrange
prawing Number; D-6T141

PW Number; 63-606

Transistorss”® 12 L-5122

Power Supply Volteges: +10;MC -3 |

Use: Address Decoder in TDCM and 8 memoxry snd emitter follower logic

~ Remarkss

*All transistor type numbers are identified with manufacturer in appendix

FIG. 43
’ <K
Q2 %)%303
E
v <
Q8 Q9 b
f!—’_
>V
5 Q6 .
(
. .
Qu QfN
<
E i_
S B TX-2
n ’ Cln 2] Lo_yl'c

Ou T/ouTs




SCHEMATIC

D-8762¢
A-REDUCTION GNO.
2 B—@)+ov-m.c.
:/,)_-@ riov
R3
RI _R2 gl §65poo
42000 1500 i\
Qs BLY.
rsize
g YEL. &
7 _BLY. Qi Q3 Re
(-8 4 ) L5134 C3iee §=~’-°° = 2;
(-1
3 ¢ g
a4
4 . S5ise e L5122 @>—0®
STROBE
] 2 INPUT
-3v CRI CR2
O, ®
R4 RE
1000 1000
=\[+
3 c’: ro FFo " @rorr'o' CARD A
6.8 MFD, 6V N N
2
r? R8
s8o, 1% 680,% P CARD B
s
INPUT
—@—®
g

FIG. 44

INDEX MEMORY RLAD AMFLIFIER
AND DIGIT DRIVER MOD II.

R
3000
W, /%

3000
W, 2%
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READ AMPLIFIER AND DIGIT DRIVER MOD II

Hendle Color: Brown Blue

Drawing Number: p-87626

PW Number: 63.1121

Trensistors:’ 3 L-5122; 2 L-5134; 2 28635

Power Supply Voltages: +10 MC; +10; -3; =-10; ~30
Use: gense amplifier and digit line driver for Index Memory

Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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SELECT CIRCUIT 1ST LEVEL

Handle Color: BRrown Violet

prawing Number: p-67511

PW Number: 63-595

Transistorss” 2 L-5134; 2 2N580

Power Supply Voltages: +10 MC; =33 -10

Use: First level selection circuit fbr Index Memory

Remarks:s

fAll transistor type numbers are identified with manufacturer in appendix
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SELECT CIRCUIT 2§D LEVEL

Handle Color: Brown (rey

prawing Number: p-67572

PW Number: 63.605

Trensistors:” 5 1-5122; 3 L-5134; 2 2N580
pmr Supply Voltages: +10 MC; +10; S H -10

Use: gecond level selection circuit for Index Memory |

Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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READ DRIVER

Hendle Color: Brown White

praving Numbers p-80635

PW Number: 63-956

'rra.nsistors:* 2 L-5432

Power Supply Voltages: +10 MC; -10; =30

Use: Read Driver for Index Memory

Remaxrkss

*All transistor type numbers are identified with manufacturer in appendix
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WRITE DRIVER

Handle Color: Red Brown

prawing Number; D-67573

PW Number: 63-597

Transistors;” 2 L-5134; 4 2n§501
Power Supply Voltages: 430 MC;  +10 MC;

Use: Write Driver for Index Memory

Remarkss

=30 |

21

*All transistor type numbers are identified with manufacturer in appendix
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———— POWER PROTECTOR
Randle Colorg Red Red
Draving Rumber: p-82709
PW Number: 63.829
yransistorss” 3 oNLTh
Power Supply Voltages: 410; -3; =10

Use: provides protection against over voltage on computer

Remarks Also contains 6 Transitron Diodes - -
’ 3 pM7, 2 8v2079 Zener, 1 gv2080 Zener

*All t;'ansistor type numbers are identified with manufacturer in sppendix
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——VARIJABLE DETAY UNIT _____
Hendle Color: Red Qrange

prawing Number: p-84175

PW Number: 63942

'rransistora:* 7 L-5122; 3 L-5134

Power Supply Voltages: 410 MC; +10; -3; -10

Use: provides delayed level. Duration 81‘ -3 volt 1evel variable from
3 psec to 2.2 sec.
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All transistor type numbers are :l.dent:l.f:led with manufacturer in appendix
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p. 111 6p-2631
INVERTER P-8

Handle Color: Red Yellow

prawing Number: p-86886

PW Number: 63-1023

'rra.nsiators:* 8 L-5122

Povwer Supply Voltages: +10 MC; ‘-‘-10

" Use: ynverters for logic and gating. Contains b load resistors.

~ Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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WO STAGE DECODER

———

Handle Color: Red Blue
Drawing Number: p-68017
PW Rumber: 63-623
Transistors:” 12 2N167
Power Supply Volteagess |
Use:  pecoder for higiz speed display
Used for first 6 bits of position decoder.

Remarkss

»
All transistor type numbers are identified with manufacturer in appendix

our 001 oUT olT 00T 091 ol odr
S P E 1A B IF R T
OIN ‘ /N ON Y
Q4 Qlo '
CR. v ci— & —n” va S
92 a3 | Q8 Q9
S v R vy b | T Ce—

N L g5 . Qi
Re C /n j?f]_/ 12 Z__j:]
f 0 . ¢ [N

FIG.GI




D-67993
“A"-RED

SCHEMATIC.

cARp A"

0 v
/N /N @N
B87) (&/ -

/e0

8 70 @1/
627‘”‘7 6??”/‘7 V- GEINIGT

BLY

A

CoOMMON
INPOT

FIG 62
FOUR STAGE DECODER



p. 115 6p-2631 R0 2 7

| FOUR STAGE DECODER
Handle Color: Red violet
praving Number: Dp-67993
PV Rumber: 63621
Transistorss” 12 28167
Power Supply Voltages:

Use: * pecoder Zor high speed display

~ Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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P. 117 6p-2631
POSITION DECODER |

Handle Colors Red Grey

praving Number: p-67844

PW Number: 63-618

Transistors:” 4 bypla2l; 10 2N167

Power Supply Voltages: =4O

Uses  position control stages for X and Y decoders of high speed displey

. Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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P. 119 ‘ 6D-253l *o. 2 9

FOCUS DECODER

Handle Color: Red White
Drawing Number; p-67904
PW Number: 53-620
'Transistorsg* 8 2n167
Power Supply Voltages:

Use:  ysed for intensity end astigmatism control for high speed display

Remarkss

. :
All transistor type numbars are identified with manufacturer in appendix
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P, 121

Hendle Colorg

Drawing Number:

ml Rumberg

"'rranaistora:*

6p-2631

DECODER GAIN SECTION

Orange Black

D-69151

63-664

4 Wpla2l; 2 or-901; 4 2N167

RO.

30

. Power Supply Voltages: -40; -45 (both obtained from decoder _pbwer unit)

Use: Amplifier for decoder and estigmatism control for high speed display.
Contains 2 series regulated power supplies and 2 decoder stages.

Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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P. 123 6p-2631 No- 31

DECODER POWER UNIT

Handle Color: Orange Brown

praving Numbers p-69152

PV Number: 63-670 |

qrensistorss® 1 BkJpla2l; 1 GP-901; 1 2N16T; 1 GA-52830
Power Supply Voltagess =50 '

Use: provides -40 volts, -k5 volts, and position decoder reference for
decoder gain section (No. 30).

Remarkss

fAll transistor type numbers are identified with manufacturer in appendix
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P. 125 ~ 6p-2631 KO- 32

INVERTER S-6R

Hendle Color: Orange Red

prewing Number; p-80130 (lug); D-86868 (eyelet)
PW Number: 63-582 (lug); 63-1023 (eyelet)
TransistorSg* 8 1L-5122

Power Supply Voltages: +10 MC; -10

Use: Inverters for logic and gating. (Contains 2 load resistors.

Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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INVERTER_P-10

Handle Color: Orange Orange

prawing Number: D-8127h

PW Number:  63-782

Transistorag* 8 L-5122; 2 L-5134

Power Supply Voltages: +10 MC; ~10

Use: Inverters for logic and gating. Used as memory selector for § memory.

contains 4 load resistors.

Remarkss

fAll transistor type mubers are identified with manufacturer in appendix
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P. 129 6p-2631 M- 34

PARITY CIRCUIT

Handle Color: Qrange Yellow

Drawing Number: p-81271

PW Number:s 63-786

Trensistors:” 8 L-5122

fower Supply Voltages: +10 MCs +10; P H =10

Use: 6 inverters are 2 emitter followers used in M and N register parity
circuits. Contains 2 loed resistors for inverters, and 2 for emitter

followers.

Remarks:

*
All transistor type numbers are identified with manufacturer in sppendix
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pP. 131 ‘ 6p-2631 Fo. 3 5

EMITTER FOLLOWER 9

Handle Colorg Orange Green

Drawing Number: D-84151 (lug); D-86628 (eyelet)
PW Rumber: 63-581 (lug); 63-1021 (eyelet)
Tranaistorsg* 9 L-5122 '

Power Supply Volteges: +10; -3

Use: ©Emitter followers for logic and current amplification. (Contains §
load resistors.

~ Remarkss

%*
All transistor type numbers are identified with manufacturer in appendix
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PULSE TRANSFORMER

Ha.nd.le colors Orange Blue

prawving Number: p-82342

PW Rumber: 63-841

'rra.nsietora:*

Power supply Volteges: |

Use: Input: 30 volt 0.1 psec negative pulse from vacuum tube clock.

. Outputs 3 volt 0.1 psec negative pulse to transistor register drivers.

‘ ~ Remarkss Contains two pulse transformers and terminations per PIU.

*All transistor type numbers are identified with manufacturer in appendix
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P. 135 6D-2631 No- 37

TIME LEVEL DECODER

Handle Color: Orange Violet

Drawing Number: pD-82908

PW Rumbers 63-871; 63-514

Transistorss T L-5122; 4 1.-513h4

Power Supply Voltagess: +10 MC: +10; -3 -10

liges o-way emitier follower AND circult used as decoder followed by 2

Cascode circuits.

Remarkes Both ground and -3 volt outputs are obtainable.

#*
All transistor type numbers are identified with menufacturer in appendix

A FIC.83 ou

2
<C
b o6 Yo BT s dSre, dan
f o Q° e ‘»— <
Qi

< V4 @V lL__<>(-V_J2
i SnaRk
Y o2 % ‘J % T
P=+/0vMC
A= t10v !
E--3v I
K=-/0v QE BK

U=-Gnd




D-84455
A"Rep

SCHEMATIC
CARD -A

L6 7
T GND.
Pi-V

RED LJ/G <
VO QUT

PI=y

FIG. 84
SOLENOID DRIVER



P. 137 6p-2631 NO- 38

SOLENOID DRIVER

Handle Color: Orange QGrey

Drawing Number; D-84655

PW Number: 61-874

Transistors:” 2 zN2UlA; 2 H-6 (2N539)
Power Supply Volteges: +10; -10

Use: power amplifier to drive solenoids in electric typewriter

Remarke: Maximum output current: 600 ma
Maximum output voltage: 30 volts

*
All transistor type numbers are identified with manufacturer in appendix
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P. 139 6p-2631 - 39

TSS_RESISTOR DRIVER

Hendle Color: Orange White

prawing Number: D-82561

PW Number; 63-883

prensistors:™ 2 L-5122; 2 L-5134; 2 2N123; 2 GA-52830

Pover Supply Voltegess +10 MC; +10; -10; -25 (From T8S Power Unit)
Use: Provides drive current for resistor decoder network of toggle switch

storage.

Remarks: Requires external 9000 ohm resistor connected to -150 volt power
supply. 2 circuits per PIU

*
All transistor type numbers are identified with manufacturer in appendix

g Q3
WK C
A=+/0vM(C g
P-#+/0v §
K=~/0v |
\/: ”?5V "/éOv
UsGnd F16.87




SCHEMATIC

l
|

T TSR Y (B
W TS R B

|

cRa

'_____ 4+
Ré

I 2400

I L2
|

.

meyrt T ,_{%_; .
!

Saws T

| ) ome
i -
| T
i crRs | <
3 - { A meyr’s hr-—snr—Hﬂi-—;u L v <
‘ 1 / .
’ m3 [ l P N T
Y. 54000 l | ‘ 1 ]g;u PRI,
-_! v%?)——-@)a/rpura wreoTs. P —BZ ‘l - : . T
DETECTOR ¥3 I ] : ’ LETECT i -
l 23 1 & _
= .
1 ! CRS e e
—*H'—'—Ma — DTS weyre(s —8:3; % = l,:‘* . By gf/ 2:
r T <L \\\ e/ Lzl
! +oMmc i | 2, v
55565 ;
/L o ,i, 1 T |
S

() p—

r

D-§2557
"R PED.

FIG. 88
TOGGLE SWITCH

|

—_ r-{i?" — *( A

STORAGE DIGIT DETECTOR



P. 141 6p-2631

40

788 DIGIT DETECTOR

Handle Colorg Yellow Black

prewing Number:; p-82557
PW Number; 63-886 '
Transistors:* 6 1.-5122

Power Supply Voltages: +10 MC; -10

Uses petects selected digits in toggle switch storage.

Remarkss

fAll transistor type numbers are identified with manufacturer in

appendix
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P. 143 6p-2631 No- 41

T83 POWER UNIT

Handle Colors Yellow Brown

Drawving Number: p-82691

PW Number: 63.884

'rra.nsistors:* 1 -6 (2N539)

Powver Supply Voltages: -30

Use: provides -25 volts for TS3 resistor driver (No. 39)

Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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FOUR H-6
Handle Color: yellow Red
Draving Number: p.g84761
PW Number:

Transistors: " b H-6 (2N539)
Power Supply Voltages:

Use: power amplifier. Used in electric typewriter circuitry

Remarkss Maximum collector current per transistor: 2 amps
| Maximum collector-emitter voltages 60 volts

*hll transistor type nmumbers are identified with manufacturer in appendix
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P. 147 6p-2631 No- 44

TYPEWRITER DIODE

Handle Colors Yellow Yellow

prawing Number; D-85686

PW Number: 63-92L

Tra.nsistors:*

Power Supply Voltagess :

Use: (Contains 16 GE Silicon 1IN537 diodes used in electric typewriter circuitry.

Remarkss Maximum current 750 ma PIV = 100 volts

. .
All transistor type numbers are identified with manufacturer in sppendix
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P. 149 6p-2631

INPUT MIXER

45

Handle Color; Yellow Green

Drawing Number:; D-85545

PW Number: 63-953

Transistorss” 4 L-5122; 12 2N357 -
Power Supply Voltagess +10 MC; ~-10

Use: Mix input levels for input-output equipment in in-out frame

Remarkss U4 circuits per PIV

" \
All transistor type numbers are identified with manufacturer in sppendix
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INVERTER 8-8RA
Handle Color: Yellow Blue

praving Number: D-85386

PW Number: 63-582 ,
Trensistorss” 4 p-5122; 3 L-5134; 1 2NSOL
Power Supply Voltages: 410 MC; -1OV

Usge: Inverters used in X-Adder carry circuit to provide fast carry time

Remarks: this is eimilar to unit 32, the inverter 8-8R, with different
transistors and load resistors.

*All transistor type numbers are identified with manufacturer in appendix
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p. 153 6p-2631 ¥O. 48

—JRHIBIT LEVEL DEIAY LINE
Handle Color: Yellow Grey
prawing Number: D-84995
PV Number: 63-964
Transistoru:*
Power Supply Voltages:
Use: (Controls iiming of Inhibit levels in 8 memory. Taps at 7.5 mysec

intervals

Remarkss Nominal total delay: .15 usec
Terminate end with 220 ohm resistor

*
All transistor type numbers are identified with masnufacturer in appendix
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VARIABLE DELAY COUPLING UNIT

Handle Color: Yellow White

prawing Number:; p-80513

PW Number: 63-976

Transistors:” 1 L-5122; 3 L-5134

Power Supply Voltages: +10 MC; -3; -10

No.

49

Use: yUsed to couple one variable delay unit (No. 23) to another so as to

provide a delay which will lest for a given time after the last of a

series of pulses.

Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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MERCURY RELAY SIGNAL GENERATOR

Handle Colors Green Black

prawing Number: D-80700

PW Number: 60-982

Transistors:*

Power Supply Voltages: +10; -3 -10

Use: provides 3 volt negative pulse, or ground level, or 3 volt negative
level upon application of push button.

Remarkss Requires externally mounted Clare HG10l2 Mercury Relay, and
push button.

*All transistor type numbers are identified with manufacturer in asppendix
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VARIABLE DELAY AUXILIARY UNIT

Handle (Colorg Green Brown
prawing Number: D-85673

PW Numbers ©3-97h
rransistorss’ U4 L-5122
Power Supply Voltages: 410
Use: Provides a switch under computervcontrol to switch among any of four o

values of delay

Remarks; Used with varieble delay unit (No. 23)

*All transistor type numbers are identified with manufacturer in appendix

P=4I10v
U=Grnd. FIG.{O7
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~—dNEUT MIXER AMPLIFIER

Handle Color: @reen Red

Drawing Number: p-8574k

PW Number: 63.988

Tranaistors:* k 1-5122

Power Supply Voltages: 410 Mc; -10

Use: Inverting emplifier for levels coming from input mixer (No. 45)

Remarks: L4 eircuits per PIU

fAll transistor type mumbers are identified with manufacturer in appendix
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SCEMIDT TRIGGER MOD IX

Handle Color: (reen QOrange

prawing Number: D-87685

PW Number:; 63-1105

Trensistorss” 2 L-5134; 4 2N357

Power Supply Voltages: 10; =33 ~-10

Use: Inverting circuit providing fast transition times between ground and

-% volts independent of input transition times

Remarks: Trilgger points: -0.9 volts, -2.2 volts
2 circults per PIU

#*
All transistor type numbers are identified with manufacturer in eppendix
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P. 165

Handle Colors
Drawing Number:
PW Number:

6p-2631

PETR AMPLIFIER

s e e e e S —

D-80515
63-987
Transistors:”® » 4Jplp1;

Power Supply Voltages:

Green Yellow

2 2N167

+10 MC; +10;

-10

54

Use: pEmitter follower type amplifier for current supplied by photo diode.
Used in Photo-electric Tape Reader circuit.

Remarkss

2 circuits per pPIU

¥
All transistor type numbers are identified with manufacturer in sppendix
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.1 uSEC PULSE FORMER

Bandle Colors @Green QGreen

Drawing Number: p-80514%

PW Number: 63-986

Transistors:” L L-5122; 1 L-5134

Power Supply VOltages; +10 MC;  +10; -3 -10

Use: Form .1 usec 3 volt negative pulse from rising or falling level

Remarkss Meximum output pulse current: 30 ma

fAll transistor type numbers are identified with manufacturer in appendix
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——CATED PULSE AMPLIFIER

Hendle Colors Green Blue

prawing Number: p-85748

PW Number: 63-961

Transistors:” 2 L-5122; 2 2§50l

Power Supply Voltages: +10 MC; -3 -io

Use: Pulse amplifier for .1 pusec 3 volt negative pulses. Used in in-out
equipment, and for amplification after pulse has gone through a delay
line.

Remarkss 2 circuits per PIU

*All transistor type numbers are identified with mapbufacturer in sppendix
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+15 uSEC 50 OHM DELAY LINE

Handle Color: Creen Violet

prawing Number; D-85568

PW Number: 63-964

Transistors:*

Power Supply Voltages:

Use: (Controls timing of Strobe pulses for § memory. Taps at 7.5 mysec

intervals.

Remarks: Terminate end with 51 ohm resistor.

*All transistor type numbers are identified with manufacturer in appendix
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58

4 uSEC 75 OHM DELAY LINE

Handle COlori Green QGrey
prawing Number: D-85746
PW Rumber: 63-1002
TranaistHFSg*

Power Supply Voltages:

Use: (Controls timing of pulses for memory control f£lip-flops.

intervals. A

Remarksg Terminate end with 75 ohm resistor

Taps at 20 mysec

*All transistor type numbers are identified with manufacturer in appendix
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OUTPUT DISTRIBUTOR

Handle Color: Green White

Drewing Number: p-85745

PW Number: 63-1000

Transiators:* L 1-5134

Power Supply Voltages: 410 MC; S H -10

Use: 4 clamped inverters with 4 loed resistors and outputs for driving

bases and for driving cables

Remarks: ysed in in-out equipment

*All transistor type numbers are identified with manufacturer in appendix
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Handle Colors Blue Black

Drawing Number: p.87s22

PW Numbers 63-1001; 63-1000

Pransistorss™ b L-5134

Pover Supply Voltages: +10 MC; <=3; =10

 Use: a-c coupled clemped inverters for forming .3 psec 3 volt positive or

negative pulses from wave form rising from -3 volts to ground

~ Remarks: 2 circuits per PIU

%*
All transistor type numbers are identified with manufacturer in appendix
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DUAL FLIP-FLOP MOD II

Rendle Colorg Blue Brown

Drawing Rumbers D-85T49

PW Numbers 63-999

pransistors:® 4 pL-5134; 2 2N534k; 2 2N321

power Supply Voltages: 410 MC; 33 =10

Use: Bistable d.eviée to provide logic levels ‘of ground or -3 volts. Used in

in-out equipment

Remarkss May be set or cleared
Maximum prf: 800 keps
Clamped output provides 6.5 ma output current

2 circuits per PIU

* " .
All treansistor type numbers ere identified with manufacturer in appendix
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SYNCHRONTIZER

Hendle Coloxs Blue Red

prawing Number: p-~85888

PW Number: 63-999

rransistors:’ L 1-5134; 2 2§534; 2 2N32l

Power Supply Voltages: 410 MC; -3; -10
Use: (ontains 1 complete dual flip-flop Mod II (Ko 61E
yUsed for synchronizing circuit in in-out equipmen

Remarkss

#*
All transistor type numbers are identified with manufacturer in appendix
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CAPACTTOR DIODE GATE (CK)

Handle Colors Blue Orange

prawing Numbers | p-85747

PW Numbers 63-1006

'rrans:l.stora:*

Power Supply Véltageeg =10

Use; Contains 6 capacitor diode gates. Can be used for mixing and gating of

levels rising from -3 volts to ground. oOutput is positive pulse for
use in in-out equipment

Remarkss

*All transistor type numbers are identified with manufacturer in appendix

POSItIVE . A
T ransilzon ——4>4S =
/I?/D wurs

Q__O%F : J.>E
K,

F OEZC';@ >
L 3 P
R Posilrive
<>|§c:]c« pulse
) ow7reTs
v
C\
9:-)0Ov IC M D J N T FIG.l132
/,/'-'\/'”“N\\‘ /

-

Level @n7iia sl



D-8575
A" RED

CHEMATIC

len
o~

—— 7 7
| cw | 7
I4150\/ I 4‘;000
] RII ~ 2w
250000|
—— e ] e
22
viev (P)3
c3
Ol -
v
c5 100
[eI=]]
PULSE |N%|
E
RI
15000
CR2
IN270
RIO
/00
W
@
-5V

FiG. 133
VT DRIVER AMPLIFIER



P. 167 6p-2631 M- 64

VT DRIVER AMPLIFIER

Handle Colors Blue Yellow

prawing Number; D-85751

)3 Num't;erg 63-1013 ‘

'rranaistors:*

Pover Supply Voltages: +250; +150 MC; +10; -15

Use: Amplification of 30 volt clock pulses. Positive output pulse feeds
VT buffer amplifier (No. 67)

Remarks: Sylvania 6888 vacuum tube and 250K potentiometer mounted external
40 unit

*All transistor type numbers are identified with manufacturer in appendix
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p. 189 - 6p-2631 No- 65

OUTPUT MIXER

Handle Colors Blue Green

prewing Number: D-86317

PW Rumber: 63-1000

Transistors:* L 1-5134

Power Supply Volteges: +10 MC; =33 -10

Use: 4 clamped inverters with one load resistor and one output for driving
bases or driving cables. Used in in-out équipment

* Remarkss

. , ,
All transistor type numbers are identified with manufacturer in appendix

P=tiovMC. N J - M =~ ]%‘

F--3y

K="/Ov 0 .|
K

=Gn
UrGnd FIG.13¢ E



SCHEMATIC

FrOMCV
caReD A @) CARD A
@ —E)

@ 24,000
c3
g v
o3 ny 1 I_~
PHILCO
L-5/34 KL I
®—@)— Naw| L ol
~ ) \
7,700

I
f
|
I
| 5.5
I
I
|

c5 |

I
I
l
l
|
I
I

-Olul
1
A4 _@4

l
»0d®

' R/F
K10 cR/ ' R 13 ces 0°°
/ 00c c 55 592 52 82 CFAisss
i ¢ ARA~ 433)—(:) ' { :)——1@; AN 4
o s -3V ‘
b-—) —— DG ®o—
<H c7 |
2.2 uf CBar
20y 44 CRL SR &
CN7'P 532 CT7rR-592
1 ﬁd” Bl 1‘4‘
5% | 5
LS
R0 o-e—F
/690 ? ’ e %
/,0¢c0
& &

FIG. 137
LINE DRIVER

D-86893
A" RED



P. 101 6p-2631 NO. 66

LINE DRIVER

Handle Colors  Blue Blue

prawing Number; D-86893

PW Numberg 63-1000

Tranlistorag* k 1,-5134

power Supply Voltegess +10 MC; -33 =10

yse: U clamped inverters with 4 load resistors and outputs for driving bases
and for driving cebles and twisted pair lines.

 Remarksg Used in in-out equipment primarily for ‘driving cables

*All transistor type numbers are identified with manufacturer in appendix
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P. 193 6p-2651 w67

VT BUFFER AMPLIFIER

Handle Colors Blue viole't

Drawing Number; D-84996

PW Number: 63-101k

'rranaistors:* |

Power Supply Voltages: +250; +150 MG +103 -15

yse: Provides 30 volt negative pulses for driving 93 ohm cable to pulse

transformers in computer

 Remarks: Sylvenia 6888 vacuum tube and 250K potentiometer mounted external
to unit . ' :

*All transistor type nmbers are identified with manufacturer in appendix .
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P. 195 ép-2631 w68

LAMP LICHTER

Hendle Color:  Blue Grey

prawing Number: D-87007

PW Number: 61-87h

Transistorsg* 2 285363 2 H-3
Power Supply VOltaLges: +10; =10

Use: ysed to light 30 volt bulbs

- Remarkss Maximum output current: 100 ma
Maximum output voltages 30 volts

*All transistor type numbers are ildentified with manufacturer in appendix
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REIAY UNIT

B e e e

Handle Colors Blue White
prewing Number: p-87655
PW Rumber:  63-1061
'rransistors:*

Power Supply Voltages: -30

Use: contacts will switch 2 amps with 30 volt input on coil

Remarks: contains two double-pole double-throw relays,
Clare, Type F, No. RPT7638 '

*All transistor type numbers are identified with manufacturer in sppendix
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6p-2631 199.
AFPPENDIX
LIST OF TRANSISTORS USED IN TX-2 CIRCUITRY
Type Number
As Listed in Equivalent
Text Manufacturer Kumber Remarks
GA-52830 Western Electric PNP Core Switch
GT-901 Sylvania NPN Core Switch
H-3 Minneapolis PNP Power
Honeywell

B-6 Minneapolis 2N539 PNP Power
Honeywell

L-5122 Philco and 2N2h0 . PRP SPT
Sprague (8imilar

L-5134 Philco and 2N393 *!" PNP Micro-alloy SPET
Sprague (similar)

L-5409 Philco 2N501 PNP Micro-alloy diffused-
base transistor - Very
high speed switch.

L-5432 Phileo PNP Micro-alloy diffused-
base transistor - High
voltage, high power
28501 .

28123 General Electric PNP Medium Speed

2N167 General Electric NPN Audio, Grown Junction

oN1Th Delco PRP Power

2N188A General Electric PNP Audio
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LIST OF TRANSISTORS USED IN TX-2 CIRCUITRY (Cont'd)

Type Number

As Listed in Equivalent

Text . Manufacturer Number Remarks

2N2k1A General Rlectric PNP Audio

28321 General Electric PNP Audio

2N357 General Transistor NPN Medium Speed
2N396 General Blectric  4Jplpl PNP Medium Speed
an53h Philco PNP Audio, Miniature
2536 Philco PNP Audio, Miniature
2N580 RCA PNP Medium Speed
2N635 General Electric NPN Medium Speed
kJplazl General Electric 2§43 PNP Audio

(similar)



6p-2631 201

SURFACE BARRTER TRANSISTOR SPECIFICATIONS

Philco: L-5122 Sprague; §-5122 Similar to type: 2N2ho
" P=-1071 )
Maximum dissipation at hoocg 10 mw
Maximum collector voltage, VCBg' -6 volts
Maximum collector currents =15 ma

Minimum h (small signal g) (Ic ==-.5ma, V__ = -3 v): 16

CE

= =.15 ¥)s 8.33 for Philco units

Minimum DC B (Ib = =.6ma, V¥
10.0 for Sprague units

CE

Minimum Grounded-Emitter Unity Gein Frequency, fT
(I, = ~-5ma ¥, = -3 v)s 30me

CE
 Maximm Hole Storage Coefficient, K_'s 105 pacoul/ma
Maximum I, W@b = =5 v)s 3 pamps

Meximm I, (V. = =5 ¥): 3 pamps

Philco:  L-513k Sprague; S§-5134 similar to type: 2NW393

P=-1301

Maximum dissipation at hOQ@g 35 mw

Meximum collector voltage, VCBg -6 volts

Maximum collector currents =50 ma

Minimum b, (Small signal g) (Ic = =.5 ma, Ve = =3 v): 40

Minimum DC B (Ibg-»ﬁmay v@ngoljv)g 30

Minimum DC B (Ic = =50 ma, v@E = =1.0 ¥)2 20

Minimum Grounded-Emitter mity Gain Grequency, fT s
<Ic = =.5 ma, v@E s =3 V)3 30 me

Meximm Hole Storage Coefficient, K_': 160 pucoul/ma
Meximm T (V, = -5 v): 5 usmps
Maximum Ieo (vcb = =5 ¥): 10 yamps
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SURFACE BARRIER TRANSISTOR SPECIFICATIONS (Cont'd)

Philco: 2N501
L-5409

Maximum dissipation at hooc: 35 mw

Maximum collector voltage, VCB: -15 volts

Maximum collector current: -50 ma

Maximum emitter voltage, VEB: 2 volts

Minimum pc (1c = -10 ma, vi = -.5v): 20

Minimum pe B (IC = -50 ma, Vv = -.5 V): ‘ 20

CE
Meximum rise times 18 mysec
Maximum storage times 12 mysec

Meximum fall time:* 10 mysec

b (vCB = -5 V) 5 pamps

*NOTE: These times are meassured in Philco Test Clircuits described in the
Philco specification sheet for the 2N501 and shown below. These
times do not necessarily coincide with those in TX-2 circuitry.
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6p-2631 203.

LIST OF M-NOTES PERTAINING TO TX-O, TX-2, AND SURFACE BARRIER TRANSISTORS

Number Title Author Date

6M=3649 Typical SBT Static Characteristics E.U. Cohler 5/31/55

6M=-3830 Positive Bias as Applied to Surface- K.H. Konkle 8/12/55
Barrier Transistor Switching Cirecuits B.Y. (ohler

6M-4521 A 1aPlace Transform Anaylsis of Pulse R.C. Johnston 8/21/57
Beta A

6M-4521, 8-1 A LaPlace Transform Analysis of Pulse R.C. Johnston 9/12/57
Beta '

6M-4561 TX-0 Cirguitry J.R. Fedimen 10/22/56

6M-45T1 Transistor Logic in TX-0 R.C. Jeffrey 9/5/56

6M-4789 A Functional Description of the TX-0 J.T. Gilmore 11/20/56
Computer H.P. Peterson

EM-4955 Parsmeter Distributions for the D.J. Eckl 3/19/57
Philco L-5122 Surface-Barrier ‘
Transistor

6M-4968 Tlie Lincoln TX-2 Computer W-A. Clark et al. L/1/57

6M-5097 TX-O Direct Input Utility System J.T. Gilmore 4/10/57

6M-5193 Inverters and Flip-Flops using L-5134 J.W. Langford 8/28/57
Transistors )

6M-5199 A Tvwo Transistor Flip-Flop for the R-A. Hughes 9/3/57

TX-2 Computer

M-5216 A Trensistorized Variable pelay Unit IL. Kleinrock 9/12/57
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LIST OF M-NOTES (Cont‘d)

Number Title Author Date
6M-5216, S-1 A Transistorized Variable pelay ynit J.R. Fadiman 1/20/58
6M-5590 TX-2 Gated Pulse Amplifier L. Neumann 3/ 13/ 58
M-5661 Toggle-Switch Storage System, TX-2 L. Neumann k/21/58
6M-5T701 A Computer-Integrated, Rapid Access, R.L. Best 5/16/58
Magnetic Tape System with Fixed T.C. Stockebrand )
Address
6M-5780 Some Examples of TX-2 Programming H.P. Peterson 7/23/58
6M-5856 Some Applications of 2§501 Transistors
to Switching Circuits J-W. Langford 8/29/58

TS5



