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PART I

INTRODUCTION

This handbook is & discussion of the transistor circuitry used im
the Lincoln TX-2 computer. The circuitry itself, the operation, amnd the
use of all of the TX-2 plug-in units are explained. These units include
all those used in the central machine, index memory, display system,
toggle switch storage system, Imput-output units, end control. Part I
describes the gener&l methods by which transistor cir@umry is used to
implement the logic of the computer.

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

Part ITT, the reference msnusl, lists the serial numbers of each of
the units in order. Each left-hand pege carries & circult diagram of
the unit; on the facing page is & block schematic diegram and & few
salient facts about the unit. The user will find it advantageous to
refer to the reference manual in conmnection with his study of the
circuit discussed.

In order to avold needless duplication, numerous references are
made in the text of this bandbook to M-notes issued by Division 6, which
contain information pertiment to the TX-2 cirecuitry. of specisl
importance is 6M-4968, "The Lincoln TK-2 Computer,” by W.A. Clark et al,
issued April lst, 1957. Tt contaeins a logic outline of the computer,

a discussion of the imput-output system, a discussion of the memories
and memory cirecuitry, and a general outline of the central computer
eireuitry. It ‘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 actual comstruction of the machine, and thus there
are meny details which have been changed.
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' At the end of this handbook igim@luded & list of M-notes pertaining
to TX-0 (& small gemeral purp@se transistor computer constructed as &
precursor to TX-2), TK-2 itself, and surface barrier transistors in
general. The specifications of the various types of surface barrier
trensistors used in TX-2 are also given.

v TX-2 is an experimental research machine; frequent additions and
modifications will be made as more knowledge is geined from the comstruc-

tion end operation of the computer. These changes will be incorporated

in new peges punched for easy insertion in this handbook.

 GENERAL DISCUSSION

In TX-2 there are two logic levels of informatiom: ground @.nd =3
volts. Timing pulses ere negative, with amn amplitude Qif’ from 2.5 to 3
volts and & width of from 80 to 100 mysec. The principal supply voltages
used for the surface berrier transistor (SBF) circultry ere =3, -10, "
and +10 volts. The +10 volts on some of the lines can be varied from O
to 420 volts for merginal checking. In addition there is & =30 volt
supply used for input-ocutput devices, driving relays, etc.

The L-5122 and L-5134 SBT's sre used for hﬁ,gﬁ speed work. AND and
OR g@.fqéegg are formed from inverter or emitter follower combinations.
Tﬁming pulses, genersted by vacuim tube circults ; are stepped down by
pulse trensformers to 3 mlﬁ; 0.1 ysec M@g@tiv@ pulses which are used in

‘the computer. ) These pulses are gated by the regilster driver circult.
The cascode configuration is used as & power amplifier to obtain fast

rise and fall times. There is & high speed £lip-flep eapeble of 5 meps
operation, and a much simpler dusl flip-flop for low speed work to 800 keps.

A stendard set of symbols shown im Figure 1 is used for all TX-2
block schemstic drawings, sod for all drawings in this bendbook. Pigure
2 18 & system schematic drawing of TX-2, showing the prin@ip@i registers
and information pathso
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PACKAGING

All TX-2 circuitry is packaged in plug-in units each measuring
approximately 1 by 2 by 6 inches long, and containing from 4 to 14
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 a steel frame to prevent flex}ing° fhe
components are mounted on the eteh@d cards by hand-soldering either to
solid turret lugs or small eyéletso Pictures .of two typical plug-in
units (one using turret lugs and the other using eyelets) are shown in

Filgure 3.

TRANSISTORS

’ The high speed logiec cirecuitry for TX-2 is based om the use of
Philco surface barrier transistors for which the specifications are
given in an sppendix to this handbook. Also in the sppendix is a
transistor nomenclature reference which lists the tramsistor manufacturer
and the experimentel type designations plus the EIA or MIL designations
which may heve since been assigned. WwWith certain exceptions that will
be noted later;, all inverters and emitter followers are L-5122 (2§240)
transistors. Micro=-alloy L=513k (2W393) transistors are used where &
high current gain at relatively high curremt levels (10 - 70 ma) is
required. Thus the L-5134 is used as the power output stage of the high
speed f£lip-flop, in the inverting cagscode and cable driver, as the pulse
gating trensistor in the register driver, and in some imput-output
circuitry. There are a few places in the machine where a very high
frequency, high current transistor is meeded; and here the Philco micro-
alloy diffused-base transistor 28501 (previously known as the L-5409)

is uged. Por a detailed discussion of the L=5122 parameters; refer to
6M-4955 by D. J. Eckl, for some notes on the L-5134 transistor refer to
6M-5193 by J. W. Langford, and for some notes on the 2N501 refer to
6M-5856 by J. W. Langford.
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TX-2 BLOCK SYMBOLS (Cont.)
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LOGIC

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; mever is one pulsé used to gate another.
The levels are gexﬁemted. by flip-flops, which are set, cleared, | or
complemented by pulses arriving at & basic: synéhr@ngus clock rate. The
levels are trensmitted throughout the computer by meens of opem wire 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-flops. They
may be gated by other levels at the inmput to each f£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 itself. Therefore when many @énse@utive
stages of logic are to be performed, they must meke use of levels rather
than pulses. '

Logic levels at ground end =3 volt potentials are used to convey
information. In TX-2 a flip-flop is said to be set 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 & 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.

The AND and OR gates that perform level logic im TX-2 are formed
from either emitter followers in parallel or inverters im series and/ or
parallel. The AND gate for ground level in, ground level out, is formed
by comnecting emitter followers in parallel as shown in Figure 4A. 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 im, =3 level out, is formed by connecting
inverters in series as shown in Figure L¢. The polarity of the input
signal determines whether & given gate is AND or OR. Thus, in order %o
specify the logic function of eny particuler circuit configuratiom, 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
Ic of the transistor Ql'nearest ground is equal to Eﬁ + Ibg + ij
Ry |
etc. where Es is the supply voltage, RL is the load resistance, and Ibg’

Ib etec. 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 meny 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 10%@ points
from the point at which the input starts up from -3 volts to the point
at which the output returms to -3 volts) is shown as & function of the
number of inverters im parallel in Figure 5. (The input rise time is
about 20 mysec.)

wWhen emitter followers are placed in parallel to form an AND éate,
the trensition delay time is @@n@iderably less than that of inverters.
The rise transition time, as a function of the number of emitter followers
in perallel, is shown in Pigure 6. The'rise transition time is measured
at the 10%3 point near the ground level.
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PART II - CIRCUIT DETAILS

CENTRAL COMPUTER

Ccounting 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 psec to compensate for the delay imposed by the flip-

flop and the inverters.

If a faster counting rate is reguired; emitter follower circuits
(Figure 8) are used which need only 0.2 psec between each count pulse.
These circuits, hewever, use more transistors,; and so complicate counters
containing & large number of digits.
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Inverter In the circuit shown in Pigure 9A the values of load
resistance (Rl)y input resistance (Rg)» snd positive bias resistance
(Ra)vare chosen to give maximum t@ler@n@e to signal variations, noise
voltages, and transistor paremeter variations consistent with the
necessary driving capabilities. The result is & circuit for which the
maximum output current at -3 volts is 2.9 me; minimum imput current is
1.0 ma (1.2 ma at -3 volts); positive bies current from +10 volt is
.15 ma,; which gives & positive blas of .31 wvolts &bove ground. All of
the inverters work from a -10 volt supply.

The actual voltage at the collector, however, is never allowed to
exceed -5 volts; it is clamped to -3 by an emitter follower, or by a
voltage divider to ground formed by the input resistance to an inverter
following it. However if the inverter is accidentslly unloaded it will
not be demsged. The minimum punch-through voltage (emitter-to-collector
voltage) of the L-5122 and L-5134 i 6 volts. Tf the transistor were to
punch through at this voltaege, the power dissipation would be only
10 mw -~ not enough to dammge the transistor. The value of the
ceapacitor (@l) is chosen so that with & 3 volt input signal, the
capacitor will store a charge at least as large as that contributed by
the hole storage of & transistor with the meximum allowable hole storage
coefficient. Thus sufficient overdrive is provided for minimum rise
and fall transition times. A singie inverter provides enough current to
drive either two other lnverters, three emitter followers, or one
inverter and one emitter follower. The d-c tramnsfer characteristic of
the TX-2 inverter circult is shown in Pigure 10.
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'j The following plug-in units consist of L-5122 inverters such as are
described above:

Inverter P-6 (No. 02)

Inverter 8-8 (No. 03)

Inverter P-5 (No. Ok)

Inverter §-6 (No. 05)

Inverter p-8 (No. 2&)

Tnverter §-8R (No. 32)

Inverter P-10 (No. 33) (Two transistors nesrest ground are L-5134)
Parity Circuit (No. 34) (Also contains 2 emitter followers) |
Toverter 8-8RA (No. 46) (Comtains 3 L-513k and 1 21!501)
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Emitter FPollower The circuit shown in Pigure 9B is used as a logic
element and as & current amplifier. An emitter follower may 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 resistence of
the previous inverter. An emitter follower may also be driven from a
cascode circult or from another emitter follower. In these cases, the
base is returned to -3 volts through the very low resistence of a
saturated transistor. One emitter follower may drive another 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 resistence

to limit the total emitter current to 10 ma. Thus the maximum output
current is 6.7 ma. IFf & 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 lcad resistance may be
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 beses if sufficient time is availeble or 5 emitter follower
bases if the current limitation is observed.

The following plug-in units comnsist of L=5122 emitter followers such
as are described sbove:

Britter Follower 8 (No. 06)
‘Pmitter Follower 4 (No. OT)

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

Emitter Follower 9 (No. 35)

Time Level Decoder (No. 37) (Contains 5 emitter followers and 2
cascode circuits.)
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Cascode and Cable priver (No. 08) The circuit shown in Figure 38
(in Reference m&nu;a.l) is ’ﬁsed in ﬂ«@ s a power amplifier to provide
fast rise and fall times and to supply & large amount of current im both
the ground and -3 volt states. Consequently it is used &s the output
stage of the high speed flip-flop, as ‘s power smplifier for driving a
large number of b&ses, and as a cable driver. The input signal is
applied simultaneously to the bases of the inverters, Q,l and ng The
output of the inverter Ql drives the base of Q5 Therefore the inputs
to Q2 and Qs:. are always opposite in phese so that in the steady state
only one. tramsistor is conducting. QB acts as an emitter follower which
provides the driving curremt in the -3 state, and pulls the output
gquickly down to -3 volts. Qé‘ acts as an inverter which provides the
driving current in the ground state, amd 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 resistances.

The TX-2 plug-in unit contains four independent inverting cascode
cirenits. A level imput is reguired which swings from ground to at
least =2.5 volts. The input tr@nsiti@m times must be less than 0.2 psec;
the required imput curremt is 2.4 ms at -3 volts. The maximum output
current of 30 ms at -3 volts and QOma at ground is sufficient to drive
20 bases (either inverter bases or- emitter followers) end one pulsed
emitter from the direct output (pixi H, etc.). The delay contridbuted 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 tham 10 ohms) when driving in either direction.
Therefore reflections are completely sbsorbed at the input end of the
cable and no termimation is used at the cutput end. Bach cascode cable
driver circuit will drive one 93 ohm RE62fy ceble or one twisted pair
line. (Two lines may be driven by @dding 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.

9% ohm cable is used in TX-2 to drive voltage levels to and from
memory, input-output unite, etc. Twisted pair wire (No. 22 stranded,
Teflon insulated, twisted 2 turns per inch) is used to drive voltage
levels over long distances within the central computer.
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Timing Pulses TX-2 uses & vacuum tube clock to produce timing
pulses at a 2.5 mcps basic clock rate. Two pulse outputs are availsble
from the 2.5 meps generator; one (B phese) is delayed 0.2 psec from the
other (@ phase). The @@ and g pulses differ only in their referemce to
some srbitrary zero sterting time. By means of this system, one event
can occur at en interval of 0.2 psec efter another despite the fact thet
the meximum prf of the pulse transformers snd smplifiers is only 2.5 mcps.
For example, a flip-flop can be set on an @ pulse and sampled 0.2 psec
later on a g pulse.

Bach pulse output phase of the clock is fed to & sheper and then to
& shaper amplifier which driver 10 vacuum tube driver amplifiers (No. 6&-)0*
The output of each of these is & 40 volt positive pulse which, in turn,
drives 5 buffer amplifiers (No. 67). Negative 30 volt (varisble 25-35),
0.1 psec pulses from the buffer amplifiers are transferred to the
computer frame over 93 chm RG62/U coexial cable. Each buffer smplifier
drives one cable. At the end of each cable & non-inverting T:1 pulse
transformer provides -3 volt pulses for the transistor register drivers.
Pulse tramsformer units (No. 36) are plug-in packages conteining two
pulse transformers smd the proper termination for the csble. The
transformer is wound on & Perramic H toroidel core 3%% with & primary
winding of 14 turns of Wo. 30 wire, and & secondary of 2 turns of No. 22
wire close-wound over the primery. Acress the secondery a resistive
load of 2.5 ohms properly termimates the ceble and tramsformer. The
meximum additional loed on any one trensformer is 10 chms; this is
equivalent to 4 fully losded register drivers om at the seme time.

The tubes used are Sylvanis, type 6888.
General Ceramics F-625 (.375 0.D-)



6D-2631 23.

Register Driver (No. 09) The circuit shown in Pigure 40 (in
Reference Manual) is & gate which passes clock pulses only when both

level inputs are at ground. The register driver incorporates no pulse
gain; it is merely a pulse switch. The TX-2 plug-in unit contains three
such gates; two of which heve a common pulse input. There are four
transistors to each gate. Ql and QQ form & level ARD gate that allows
8 pulse to pass only if there is a ground level at the inputs to both
thelr bases. IFf there is a =3 volt level at either input, there will
be no pﬁlse output. In operation, the pulse input is epplied to the
collector of Q3° Provided that Ql and QQ gre held off by ground level
inputs, the base of Q3 will be saturated from the =10 volt supply. Thus
an output pulse will appear from the emitter of Q3o This transistor

is an L-5134 used to carry the large pulse current necessary to drive a
register. Q’M is used when driving large smounts of capacity to pull the
output wp to ground at the conclusion of the pulse.

The 70 ma meximum output pulse current from the register driver is
capable of driving s meximum of 20 bases (sctive or insctive). The
input pulse current required is egqual to the output current. A minimum
input pulse of 3 volts is required by & fully loeded register driver.
The meximum voltege drop ecross the driver is 0.5 volts. The required
set-up time is 20 mysec. The level imput @urrént reguired into each
base is 2.13 ma at -3 volts, and 0.6 ma at ground. The input level is
specified at ground or & minimum of =2.5 volts. Tf this level dmput is
driven from & cable or twisted pair line, ome cable may drive either one
or two register drivers-
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High Speed FliQ-Flgy (No. 01) wuses 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. Q,3 and Q, are the flip-flop transistors them-

selves which are RC coupled in the normal memmer. A positive input
pulse cuts off Ql er’QQ, opens the emitter circuit of QB or Qh’ and
changes the state of the flip-flop. Q§ and, Q6 are smplifiers 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 required of the flipwflgpo Qlﬁ and th are
steering gate transistors which sre wired intermslly to the flip-flop.
In order to set, clear, or complement the flip-flop, one of the points
“ONE IN”, “ZERO IN", or "coMP. TH" is brought up to ground by a circult
such as the one shown in Figure 1lA. Alternately, the cirecuit in
Figure 11B msy be used;, if the ground level is supplied by & cascode
circuit. A meximum of one pulse tramsistor end two level transistors
mey be used in series for imput gating to the flip-flop. (Thé steering
gate transistor or the cascode tr&nsi@t@r which provides the ground
level is considered as a level tremsistor.) A weximum of 15 pulse
transistors may be connected in parsllel to any of the flip-flop inputs.
ng is an ungated clear input which is internally wired. A 2.5 volt
negative pulse is applied at the "CLEAR TH".

The maximum usable prf of this £lip-Llop is 5 mcps and it has a
‘nominal logic delay of 0.1 psec. The maximm total transition time of
fully loaded flip-flop is less than 0.2 psec. The meximum output
current is 30 ma at =3 volt, and 9 me &t ground. Thus the flip-flop
will drive 20 bases in the =3 state, and will carry & maximum of 3 base
currents plus one pulse current im the ground state. Plots of the
output voltage vs. load current for e tramsistor meeting minimum
specifications are given in Figure 12, and plots of the rise and fall
transition times ve. the number of loeds being driven are given in
Flgure 13. Plots of transi$i©n times ve. pulse am@litud@ are shown in
Figure 1k and those of pulse emplitude ve. prf in Figure 15.
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The input to the pulse gates to the flip-flop must be a negative
pulse with a minimum amplitude of 2.5 vol’cé , 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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mrgj.nal checking of all the high speed circultry im TX-2 is done
by #arying the 410 voltage on the base of the inverter transistors.
Increasing this positive bias 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 trensistor to
conduct when it should be held off, and incresses the fall treansition
time. Emitter 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 410 volts the flip-flop becomes un-
balsnced and will fail at a certain poinmt. The minimum acceptance
margin on inverters is ¥10 volts either side of the 410 volt supply.
The minimum mergin on £lip-flops is -8 and 410V, end that on register
drivers is =5 +10V.

Marginal checking curves for the following circuit parameters
appear in Figures 16 amd 17

Voltage Margins vs. pulse amplitude.
Voltege Margins vs. prf.



A-84970

MARGINS

-20L-

IN  VOLTS

6D-2631 32.

15 - 1
10
5
OPERAT ING
;gm'r |
0 05 1.0 15 20 275 30 3
PULSE AMPLITUDE ! VOLTS
-5
-10
& g
-15

FIG. 16

HIGH SPEED FLIP-FLOP

MARGINS vs MINIMUM PULSE AMPLITUDE TO COMPLEMENT



A-84972

IN VOLTS

MARGINS

30 e

20—

10
0 .
4 5 6 10
PRE IN mcps
-10}
CxnBumn gy ‘ " O —
-20
=30
FIG. I7
SPEED FLIP-FLOP
MARGINS VS P.R.F

1€92-09

3



6p-2631 34,

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 S-8RA, Qs Qs and.q3 are replaced by L-5134 transistors. Q,
is a type 2N501, the high frequency Philco micro-alloy diffused-base
transistor. 39 is & 1000 ohm load resistor for these transistors. The
A version reduces the delay time of the conventional carry circuit which
caused poor margins and slowed up the operation of the X-memory. The

A circuit is faster in two ways: Qu is the only transistor which is
actually in the carry chain, and the fast response time of the 2N501
saves & 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 psec for 18
digits, which is about 23 mysec per stage-
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Power Protector (Moc. 22) prevents either over-voltage or the wrong
polarity voltege from being applied to the tramsistors through the
voltage distribution system. The power protector wnit is connected
between the appropriate voltage line and ground. If the voltage on this
line exceeds the specified limit, the Zemer diode will conduct and cause
the power trwsistor* to conduct heavily. 8o much current will be
conducted through this tmnsist@r thet the circuit breaker on the line
will trip eand remove all pover from the computer.

Specifications
Nominal Supply B Protection Limits
=3 voltss at =4.0 volts, current less than 50 ma

at =5.5 volts, current greater than 10 amps
at +2.0 volts, current greater them 10 amps

=10 volts: at =11 volts, current less than 50 ma
at =15 volts, current greater tham 10 amps
-at 42 volts, current greater than 10 amps

+10 voltss &t +11 volts, current less then 50 ma
at +15 volts, current greater than 10 amps
at =2 volts, ecurrent greater tham 10 amps

Deleco 2NLTL
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Varisble 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 continml& variable from .3 Msec to 2.2 sec. Pive coarse ranges
are cbtained by prewiring the s@cke't for the unit, and fine adjustments
are made with the patentiometer 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. Ok). With the varisble delay auxiliary unit
(No. 51), it is possible for the output of a decoder network to choose
any one of four values of delay within any one particular range. It is
possible to obtain & delay which will last for & given time after the last
of & series of inmput pulses if two varisble delay units are used along
with the varisble delay coupling unit (No. 49). (The same coupling unit
may also be used when triggering one varisble delay unit from another.)
The input to the delay unit may be & negative 2.5 volt, 0.1 psec pulse,
or a negative-going level which is a‘t least 20% ghorter than the
maximum desired delasy time. An input pulse current of appmximately
2.5 ma is required for triggering.

For normal @synchronous operation, pin J is connected to pin D,
and pin N is connected to pin L. The cspacitance is selected according
to the delay range desired. T’he‘ delays available, the properpin
connections, and the necessary recovery time (constent for any given
capacitance) are given belows

Bourns TrimR, 132-7-E100,000
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VARIABLE DEIAY UNIT (Cont.)

Cepacitance Pin Minimum Meximum Recovery
Pos. wpfd. Connection Delay Delay Time
1 .00047 N=L 0.3 psec 6.0 pysec 0.2 pysec
2 .01 N-L-F 1.7 usec 110 psec 0.5 psec
3 22 N-L-H 34 upsec 2.4 msec 5.0 psec
L 6.8 N-L-M 1.0 msec 80 msec 130 psec
5 180 N-L-R 26 msec 2.2 sec 8 msec

For t 2> .5 pseconds the delay as a function of capacitance is
given approximately by .14 < t € 12¢, where ¢ is the capacitance in
pfd. and t is the length of delay in milliseconds. For longer delays
than are available from the cspacitances within the unit, added
capacitance may be connected between pin I, and the -3 volt supply.

The operstion and uses of the varisble delay unit (No. 23),
varisble delay suxiliary unit (No. 51), and varisble delay coupling unit
gngo h,92 are completely describgd in 6M-5216, §1; the original design of
the delay unit is described in 6M-5216.
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Delay Lines. Three sepafate delay lines are used in TX-2 for memory
control timing. one is & .15 psec, 50 ohm line, (No. 57) used for
controlling the timing of the strobe pulses for the §-memory. This is a
20 section line using coils® end separate capacitors. Rither end of the
delay line cen be used as the input. Reference to the figure below will
show that any delay betwéen O and .15 usec cen be obtained in steps of
7.5 mysec. The end of the delay line should be terminated with 50 ohms;
no termination is used at any of the taps§ The maximum load at any tap
is one inverter base.

wPuT ‘" o |
N
I_ , | | I T B

=

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
a 20 section tapped litie. However, certaln cspacitors have values which

compensate for the stray capacitance of the computer wiring at the

output taps. Consequently this is & special delay line which can be used
only for the stated purpose. The nominal total delay time of this line
is .15 pusec; the taps are 7.5 mysec apart; the nominal impedance 1evé1

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

Coils manufactured by R.D. Brew Company
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The third is & .4 psec, 75 ohm delay line (No. 58), used to control
the timing of the pulsesk for the memory control flip-flops. This is a
4o section line using capecitors and Brew coils. Any delay between
0 and .4 psec can be cobtained in steps of 20 mpsec, depending on the
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 & two-stage transformer-coupled
amplifier for 0.1 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 2N501 transistor is capable of driving 10 bases
and a 100 ohm termination with a 3 volt pulse. The input looks like a
single pulsed base. The maximum prf of this pulse amplifier is 2.5 meps.
The transfer charscteristics, and & 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 memofy (X-memory) is given in
6M-4968, "The Lincoln TX-2 Computer®. At the time that these circuits
were designed, the only high speed transistor available was the L~5122,*
with its low current gain and 6 volt emitter-collector voltage limit.
For higher voltages, the best choice was the @NIQB%* which has an 8 mecps
&lpha 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 afé needed for these new circuits.
These faster circuits also eliminate vacuum tubes and their associated
power supplies. The memory cycle time has been decreased from 4.0 psec
to 3.6 psec, and the access time has been decreased from 0.8 usec to
0.6 ysec.

The L-5134" has spproximately the speed of the L-5122, but has &
mich higher current gain et high collector current levels. The 2NS0L
has & 15 volt emitter-collector voltage limit, is considerably faster
than the L-5122, and has & 35 mw maximm dissipation limit. The L-5432"°
is essentially equivalent to the type 2N501, except that it has & 30
volt rating gnd 150 mw dissipation 1limit. The 2N580**% transistor is
somewhat faster and has & considersbly higher current gain at high
currents then the original type 2§123.

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

are used because they are fast and have a high beta at pulse currents
of over 100 ma. Even when operated at conservative loads they have
sufficient voltage and power @@p&bilities to drive the memory. A
groundplevel at the inpy@ causes & READ pulse by cutting off Ql, whi@h
saturates Q?o Q2 is an emitter follower which, when saturated, passes
the 117 ma negative READ pulse.

*  Phileo
i General Ele@triq

s

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-513% to save O.4 psec in the WRITE time.

Important changes have also ‘been made in the read amplifier and
digit driver (No. 16) 'rhe Pirst two transistors of the read amplifier
part (i e., the genge amplifier) were changed from L-5122 to L-5134. The
digit slriver part, which previouely consisted of two 2N123 transistors,
is now made up of two NPN type ON635" transistors. These transistors
prcv;de a ,faster digit driver tha,n that or the original system and one
:th‘at incorporates more current gain. | |

‘In the select circuit first level (l!o. 1‘7) and the select circuit
second level (No. 18) all L-5122 invertera have been replaced by L-5134
inverters , and the 2N123 tra.naistora have been replaced by the 2N580 type
vhich are somewhat faster and have largercurrent gein. These changes
have reduced the driving current requirements and 1ncrea.sed the operating
margins of the system with respec'b to both current drive and timing.

* General Eiectric
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DISPLAY SYSTEM

General
The display decoder (digital-to-analog converter) PIU's are used

&8s pert of a high speed electrostatic displsy system. WwWhile the Ezg
stage decoder (No. 26); four stage decoder (Wo. 27), end focus decoder

No. 29), PIU's may have fairly gemeral use, the position decoder (No. 28)
(more properly the decoder positiom sﬁggg), the decoder gain section

Ko. 30), and the decoder power unit (No. 31) are quite specialized and
can be explained best with reference to the decoder schematic shown in
Figure 18.

Figure 19 outlines the gemeral principles of the display position
decoder. Each bit of the deccder requires a switch in series with a
current source adjusted to a negstive power of two eorresponding 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 given positive number set into the switches
causes an umbalance in the ecurrents flowing to the "one™ and "zero"
outputs. The equivalent negative number is obtained by reversing all
switches, i.e., by complementing the input. The new current unbalance
is the same except that the signal previously flowing through the "one®
output now appearsbat the "zero” output and viece versa. Since the
deflection plates of the cathode ray tube sense the difference signal,
the deflection for the negative number is egual in magnitude 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 PTV (No. 30’);] have no switches. They set the lower voltage
point of the deflection amplifier. If they were not present, an
amplifier w:lth minimm signal would tend *ba go to zero volts é,nd_, of
course, saturate. These switchless sté.ges also help provide & 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, snd

destroys the astigmatism sdjustment. Any maladjustment of the astigmatism
sétting in turn degredes the spot size. To circumvent this problem, gain
reduction is accomplished by reducing the current in the digit sources
sud 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 modulatioa 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 PIU's.
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Four Stage Decoder (No. 27). Each 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 ga.in 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 current source, Ics’ will then be

(1]!2 >< 3? min) < Tos < <‘%%>D< as max> .

Re is the external resistor, _6?3 is the average or d-¢ 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

(03} Ies + Ieo@

/

and the "1" output current from this stage will be I cog”

If pin ¢ is set to ground and pin A to -3 volts, the current "0O"
output will be

a@I@s + Ieo;,"

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

(a‘yl - ag) Iu + I’p‘ - Ieo:, + Icoa - Icolv,

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

Buffer FF signals are connected to pins U and ¢ (D and V in the
second stage). The PD reference voltage is connected to pin N; pins 8
‘end P (B and F) are jumped as are E and A (R and T); the stege current
1s 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 circuit can be
1llustrated by discussing the current transfer of the current source of
stage 1 (trensistors Q5 and Qg). The signal into the current source is
the emitter current I,, of Qg vhich divides between the collector and
base of Qe &'6 of the current is collector output current, and 1 - 56
of the input current appears as Qé ‘base current and thus as Q5 emitter
current. e

I = Ip + I
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This Q5 emitter current also divides and thus the Q§ collector
current, which is now equal to Iin (1 - E6> 55, is recovered as output
current to the emitters of the switch. This is added to the collector
current, E'Zé T in’ coming directly from Q6a Therefore the current transfer
ratio iss

§6 ‘% 85 (l = §6>°
If both Q and Q5 have @'s of 0.98, then the transfer ratio of the

pair would be 0.9996. The curremt transfer ratio of the switch ((Q;, .and
Qs Qg and Q&L) is & similar expression.

The silicon diodes in this decoder stage are used primsarily to
reduce leskage 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.

Pocus Decoder (Wo. 29) econtains four pairs of NPN trensistors.
It is & simple deecoder of relatively low aceuracy, sulteble for such
digital-to-analogue conversion purposes as driving an sudio amplifier
from the outputs of a flip-flop register, ete. It is used in the high
speed displey system for driving the intensity amplifier and the
astigmatism control ecircult.

Position Decoder PTU (Wo. 28) forms the position conmtrol stages
for the ¥ and the Y decoders. The bases of @‘6 and Q7 are connected to
the taps of & dual ganged potentiometer comnected to provide opposite
variations as the control is varied. - This potentiometer is supplied with
the PD reference voltage through sn emitter follower, Qﬁ, 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, @i emitter current will be zero
and @ emitter current will be approximately 0.25 ma. As the control is
varied, the "0" cut current will linearly imcrease and the "1" out
current will linearly decrease until the "0 out is now 0.25 ma end 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, Qp and ng Qs 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 C 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 C
increases by one volt; the voltage at § decreases by one volt.

Q1 and Qg form a difference amplifier. Qp modulates the base
current of Q5 and thus varies the @urrént available to the load connected
to pin A (the other terminsl of the load is, and must be, connected to
& more positive potential). The feedback to the base of Qu strives to
maintain the voltage difference between A and C constant and ideally
zero. The circuit is stabiliied, by two external cepacitors -- one
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 PTU (No. 31) supplies -40 volts, the position
decoder reference voltage, and -45 volt bias for the gain section power

supplies from the =50 wolt regulsted 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 Q‘l& and its associated
5.4 volt Zener diodeo**

The PD reference voltage supplies the bases of all the decoder
current sources and, therefors, 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 Qa. The
output is from an emitter follower, Qi. The variatiocm of the Qi 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-.

Hoffmen, type 1H229, purchased to 20 vgl‘t fﬁ% gspecification.
Texas Instrument, type 65109, 5.4 volt 135%a

e Hoffman, type 1mk29A, 6.2 volt 1’5%0



6D°°@631 % ©

INPUT-OUTPUT
Toggle Swi‘bch stomge Three different plug-in units are used in
the teggle swit@h storage system

- 788 resistor driver (No. 39)
'rss 25 Wlt power supply unit (n‘e h-l)
TBS digit d,eteetor mit (Wo. 40)

A fcmlete 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 L~5122 inverter to drive ancther inverter combination of an
L-5134 and a 2N123 in series. These; in turn, drive a GA-EQB}O% emitter
follower. An input current of 1.2 ma at -3 volts is required to produce
an output which swings from ground to -25 volts in phase with the input.
The maximum output current is 125 ma at -25 volts and 6 ma at ground.
Transition times are about 1 psec.

The TSS 25 volt power supply unit (No. 1) consists of a single
H=6** emitter follower which obteins its collector voltage from the
=30 volt computer supply. The base of the H-6 is biased at -25 volts
and the output is taken from the emitter.

The TSS digit detector unit (No. 40) contains six separate
detector circuits, each comsisting of a single 1-5122 inverter with a
Stabistor voltage dropping diode (TS320G)in the base circuit instead of
the usuval resistor and capacitor. The input current required is 1 ma and
the maximum output current is 2.9 ma at -3 volts. The transition times
are about 0.5 psec. ‘

Western Electric
* Minneapolis Honeywell
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Schmidt Trigger, Mod IT (Wo. 53) This circuit provides sn output
between ground and -3 volts that is independent of the rise and fall
times of the input. The output level is Iinverted with respect to the
input. The circult triggers when & rising imput 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, amnd the output then rises in less than 0.1 psec.

There are two identical circults per plug-im unit, with independent
inputs and outputs. Bach cirecuit consists of the trigger circuit itself
made up of two NPN 2N357'%‘tmmi@tors ; 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 ceable 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 §, end commecting pin R to the normal input at pin 7.
The normal output is cbtasined from pin V, and the cable driver output
from pin ¥. The filtering for the second circuit is similar.

* senersl Transistor
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PETR Amplifier (No. 54) amplifies the signal from the photo diode"
in the photefelectrié tepe reader. A negative input signal is required,
and the sensitivity can be adjusted by varying the SO0K Trimpot’ -
potentiometer included in the unit. The output 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 maximum
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.

** .
Bourns Trimpot, 120-15-500,000
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Solenoid priver (No. 38) amd Electric Typewriter Circuitry The
power to drive the solenoids in the IBM BElectric Typewriter for TX-2
output is cbtained from H-6 tramsistors. The solenoid driver unit
contains two 2W2lhl inverters, each of which drives cne H-6 inverter.
loed resistors for the H-6 imverters are external to the unit and are
connected to -30 volts. (The coil of & solenoid itself may constitute
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 yvolts. A ground level input energizes the solenoids.

The Pour -6 ynit (No. 42) contains only four H-6 transistors
mounted on & heat sink with the emi'&a‘ter; base, and collector of each
transistor browght out to separate pims. 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-life p is 25. Thus the inmput current must be equal
to at least the output eurrent divided by 25. The meximum power
dissipation of the unit is not specified, but the collector Junction
temperature must be held to less than 80 degrees C.

The Typewriter Diode Unit (Wo. kb) is used for level mixing.
Bach unit contains two groups of 8 1NS537 silicon diodes” with the
cathodes within esch group connected. All encdes are brought out to

separate ping. The maximum current through any one diode is 750 ma,
- and the peak inverse voltage is 100 volts.

General Blectric
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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
tra.nsis_tors and dif‘fgrentj co@oneni 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 -30 volts.
The lamp is connected directly between the output and the -30 volt supply.
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Mercury Relay Signal Generstor (No. 50) provides several output
signals under control of & 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.

 Prom "Level Gate No. 2 Qut”, the level goes from ground to -3 volts,
remains negative as long &s the button is pushed, then returns to ground.
The maximum level current availeble is 15 ma at =3 volts. For driving
short lines (less than 3 feet), the level output may be taken directly
from pins M or ¢ to drive an opem wire. PFor 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 L or B.

From “pulse Gate out”; & 0.1 ysec 3 volt negative pulse is
obtained when the button is pushed. The pulse current is sufficient to
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 pulges 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 relay contacts are of the mske-

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 spproximetely 700 psec. Thus
the level output wave-forms look like this:

, 1~ —Gnd
No. 1 Qut

— —(nd

No. 2 Qut

_- =3V
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 The mercury relay” and the push button and associsted resistor and
capacitor d.ecéupling must be mounted externally to the plug-in unit. It
is essential that the decoupling shown in the circuit diagram (Figure 104
in Reference Menual) be mounted at the push button. Its purpose is to
filter out the contact bounce of the push button by inserting e low-pass
filter between the button and the mercury relay coil.

*cla.re HG 1012
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.1l ysec Pulse Former ((N@o 55) generates a 0.1 usec 3 volt negative
pulse from either a rising or falling input swinging between ground and
=3 volts with & transition time of less than 0.2 psec.

The pulse former requires a risingvinput of at least 2.4 ma at pin
D to cut off Q, and Q’h simultaneously. A falling input would be applied
to pin N (pin J connected to Pin D) to go through the inverter Q5, which,
because of its gain, reguires an imput of only 1.2 ma. In either case,
the output of the emitter of Q3 is driven immediately down to =3 volts.
'fhe negative waveform travels down the lumped-comstant 0.1 ysec delay
line and causes Q2 to conduct 0.1 psec after the imput is applied. when
Q2 conducts ,» the base of c;,),3 goes back to ground and the output rises to
ground. The resultant 30 ma 0.1 ysec ne@.tive pulse is enough to drive
& terminated 100 ohm cable or twisted p@.ii:" line.
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Input Mixer (No. 45) and Input Mixer Amplifier (No. 52) The 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. Bach circuit consists of two pairs of
transistors; the first is a PNP inverter {Q1) in parallel with an NPN
emitter follower (Qp) with the output at pin A, and the second consists
of two NPN emitter followers (Q3 and Q) ) with the output at pin C. The

~ input to the circuit is at pin H, end the gating input is at pin M. With
pin M at =3 volts, ‘thg desired negative output appears at pin A if the "
input at pin H is at ground, end at pin ¢ if the input at pin H is at

-3 volts. If pin M is at}i 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 ¢

“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 L is the common
gating point for imputs at pin N and pin F.

The input current required at pin H is 1.2 ma at -3 volts, and
0.5 ma at ground. The gating input current required at pin M is 2 ma.
The negative output current availsble is 3 ma.



6p-2631 61.

Input Mixer (No. 45) and Input Mixer Amplifier (No. 52) (Cont.)

The negative output signals from a number of linput mixers are
mixed and fed into the input mixer amplifier which conteins four seperate
transistor inverters with a diode input for each. The input current
needed for each inverter 1s 2 ma at -3 volts, and 1 ma at ground. The
maximum output current of the input mixer amglifier is 3.6 ma at -3 volts.

When the amplifier is used in the computer, the output signal is
fed through & cascode cable driver which i‘einvefts it, and sends it out
over a cable to - a flip-flop in the B 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 is at ground the state of the flip-
flop will not be changed.

A block diagram of this system is shown below:

H C A SeT
"’P“T' ,np ut Il:])PuT ‘ CCQSCOJQ E-Register
M., ixer able .

M Clear
-3
Gq?‘e ,
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IN-OUT LOGIC CIRCUITS

Introduction

“ - The logic units to be discussed in the following part of this
handbook 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 discuss;ed.‘ It is the
rising transition from -3 volts up to ground which does the work. IL-513k
transistors are used throughout,; and the inverter output swing is clamped
to =3 volts by a diode” and to ground by the transistor itself. The
circuitry is designed to operate at a maximum speed of 800 kecps -- a much
lower prf than that of the central computer. The time constents ;are such
that 1.2 ysec is needed between one event and the next. Diodé mixing is
by cepacitor-diode gates which provide logic OR gates when their outp{;ts
are in parallel.

*clevi.'beg CTP~=592
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The Capacitor-Diode 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 cen have a maximum rise time of 0.2 pysec. Peak inmput

\ currents of 2 ma in the transition toward ground and 1 me in the transitiom
toward =3 volts are required. The set-up time for the gating imput is

1.2 psec. The gate is g0 biased that the output pulse goes from -0.6 volts
up to about +2 volts with a width of approximately 0.3 pseec. Up to 10
gates may be connected in parallel to form am OR cireuwit. Plug-in unit

No. 63 contains six such getes, with independent imputs and outputs,

except that two outputs are connected in parallel at pinm A. PFor the first
eircuit, the imput is at pin B and the output is at pin A. Pin ¢ is a
gating point; a ground input gates the pulse om, and & -3 volt inmput of 1 ma
prevents the pulse from being formed. The positive pulse is used to cut
off the base of a transistor which is normally biased on from a negative
supply. The other five circuits are similar. -
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-3 psec Pulse Former Mod II (wo. 60) forms a positive or negative
3 volt pulse (ground to -3 volts or =3 volts to ground) from a positive-
going wave front. The negaﬁve pulse is used to trigger the variable
dellay unit and the ga_:l_gh speed flip-flop; the positive pulse is used for
tfiggering e gg&citdr-ﬁiodé-'gate' or the low speed dual flip-flop.

This pulse’ former unit consists of a capacitor-diode gate and two
clamped L-‘)'l}lt inverters in series. A negative pulse dut.pu't: is obtained
fram' the first inverter (Qi), the positive output from the second (Qg).
rhere are two identical circuits 'per plug-in unit with separate inputs
- and outputs. For the first eircui‘c 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 output i_s at pin H. pin g isi”the point at which other
capacitor-diode gates niay be éomecte_d 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 om the width of
the input pulse the output pulse width may vary from 0.3 to 0.k psec,
and the rise and fall times are less than 0.2 psec.
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output Distributor (No. 59) and gubput Mixer (No. 65) These plug-
in wnits each contain 4 L-5134 clamped inverters for logic operations
associated with the in-out eguipment, and to drive 93 ohm csbles or
twisted pair lines to and from the in-out frame. Each emitter is brought
out separately so that it cem be gated om by & gmumi level at the emitter.
Each tramsistor of the output distributor has & load resistance plus an
82 ohm series terminating resistance for driving cables. The base inputs

to Qi @md, Qg &are common &t pin A, and the inputs' to Qg and Qh are common
at pin B. The ) output mixer has all four inputs end outputs at separate
pins; the one load resiﬁtoi“ and ome cable driving resistor are brought
out to separate ping. Thus transistors im the output mixer may be placed
in parallel with those in the output distributor. !

Both distributor and mixer units require an ifmput current of 2.2
ma 8t =3 volts, and 0.4 ma at ground. oOutput voltage lévela of these
units are | clamped at ground and -3 volts. The maximum output current
availsble 15 2.9 ms &t -3 volts, snd 15 ms st ground. Thus, when driving
& cable or. twisted pair line through the 82 @hm resistance ,‘ the rise time
at the end of the ceble will be equal to the rise time of the curremt
through the transistor (about 30 mpsec), but the £a11 time will be long
because of the limited curremt avallable in the -3 direction. wWhen
driving RG62/U 95 chm csble, the fsll time will be spproximately equal
to 16 mysec per foot of cable or a minimm of 30 MpSec . :
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Line Driver (moa‘66)t 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 equipnment. Héwever, its primery use
is for‘driving RG62/U coaxial cable:pr twisted pair lines. Its input

end output pin connections are idenﬁical tg‘those of the cascode and cable
driver (No. 08), with four separate imputs, four direct outputs, and four
outputs through 82 chm series terminating resistences.

The input current required is 2.2 ma at -3 volts, and O.4 ma at
ground. The meximum output current availeble is T ma at -3 volts, and
10 ma at ground. Each line driver transistor will drive one cable, with
& rise time of about 30 mysec and a fall time of about 8 mysec per foot
of cable (minimum of 30 mpséc).
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pusl Flip-Flop Mod II (No. 61) provides logic levels of ground
and -3 volts. Every plug-in unit containme two independent flip-flops,
each of which has two L-5134 RC coupled inverters (Qi amd Qp); two
capacitor-diode gates, and two additional trensistors (g &nd Qﬂ&) 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 kecps. The unit may be set and
cleared internally but external logic delay provided by capacitor-diode
gates is required for complementing. The proper connectioms for
complementing the flip-flop are shown in Plgure 20. The output voltage
is clamped at ground and at -3 volts. The maximum ’Qutput current is.
6.5 ma at -3 volts and 5 me 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 volté to ground. These
inputs are similar to those of the capacitor-diode gate except that they
cannot be gated. The flip-flop mey also be triggered from 0.1 psec
pulses applied through the conventional L5122 two tramsistor gate, using
en external 10K resistor to -10 volts and & clemp diode (CTP-592) to =3
volts. The collector of the gate is connected to pins B or D for setting
or clearing. This circuit will be less sensitive than that of the gﬁ;gli
speed flip-flop and will require & minimum trigger pulse of about 2 volts.

Plots of voltage mergine vs. prf and voltage m@rgins vs rise time
of the input waveform are given in Figures 21 and 22.

Up to 10 capacitor-diode gates (No. 63) may be connected in
parallel at pins A ("ONE IN") and ¢ ("2ERO IN") as an OR gate to set or
clear the £lip-flop.
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Synchronizer (No. 62) consists of ome dual fligaflop Mod II
(No. 61) to which is added two diodes and a resistor. Thus the
synchronizer unit imcludes two flip-flops, four cepacitor-diode gates,
two mixing diodes, and & bias resistor. It synchronizes with the central
computer clock asynchromous pulses or levels from im-out eguipment.

In normal operatiom, pin J (the ZERO output of the second FF) is
connected to pin N, the common gating point for the ZERO imputs. The
asynchronous input comes in to pin V of the cepacitor-diode gate which
can be gated at pin P. The synchronous clock pulse inmput consists of
positive levels (-3 volts up to ground) O.4 psec wide occurring every
1.6 usec. The clock pulse inmput at pin D is applied in common to the
CLEAR and SET inputs of the 2nd FF and to the CLEAR input of the lst
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
state. The asynchronous level or pulse from the im-out device sets the
1st FF to & ONE and the output at pin R goes from ground down to -3 volts.
The next clock pulse sets the 2nd FFP to & ONE because the capacit&rmd,i@de
gates on the ZERO imput sides are both gated off.

The following clock pulse clears both flip-flops to & ZERO since
the ZERO input gates are now gated om 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 poaiti#eagoing transition that is
used ag the synchronous output.

The input and output specificetions for this urit are the same as
those of the dual flip-flop Mod IT (No. 61).
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Relay tnit (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 a.ctua.l 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.

*clare, Type ¥, No. RP 7638
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REFERENCE MANUAL
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. prawing Numbers D-66439 (lug); D-84997 (eyelet)

PV Rumber;  63-580 (lug);  63-1067 (eyelet)

. mranststorss® 9 p-sioa; b L3k 1 oNIGGA

© power Bupply Volteges: 410 MCA; 410 MCB;  -3;  -10

Uﬁ's" Bistable device to prov:lde logic levels of ground or -3 volts

_ Remarks§ May be set, cleared, or complemented
Meximum prf: 5 mcps
Cascode output provides 30 ma output current

*A11 transistor type numbers are identified with manufacturer in appendix
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- INVERTER P-6

Handle Color: pBlack Red ,

Draving Number: D-67285 (lug); D-86866 (eyelet)
P Number: 63-582 (lug); 63-1025 (eyelet)
Transistors:s” 6 L-5122 .

Power Supply Voltages: 410 Mc, -10

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

. Remarkss

' *All trmistor type numbers are ldentified with manufacturer in appendix

B | b v T P
u=toyMC
P=-/0vV

FIG.27
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INVERTER 8-8

. Bandle Color: Black Orange

Drawing Number: p-80129 (lug); D-86867 (eyelet)
PW Rumber: 63-582 (lug); 63-1023 (eyelet)
Transistors:” 8 L-5122

- Power Supply Voltagess +10 MC

Use: Inverters for loglc and gating

)

v Ramarkég

*All transistor type numbers are identified with manufacturer in appendix
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INVERTER P-3
Handle Color: Black Yellow
Drawing Number: D-67255 (lug); D-86518 (eyelet)
PW Number: 63-582 (lug); 63-102} (eyelet) ’
Transistorss 5 L-5122 " |
Power Supply Voltages: +10 Md} =10
Use: Inverters for logic and gating. Contains 2 load resistors.

~ Remarksg

*All tro.naietoi' type numbers are identified with manufacturer in appendix

MW

u=+10y MC. ,
P=-10v Fl1G.3l
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INVERTER 8-6

Hendle Color: Black Green

Draving Rumber: D-67254 (lug); D-86865 (eyelet)
PV Rumber: 63-382 (lug); 63-1023 (eyelet)
Trensistors:” 6 1-5122 |

Power Supply Voltages: +10 MC

Usé: Inverters for logic and gating

~ Remarksj

*All transistor type numbers are identified with menufacturer in appendix

pp—— e [z |Q5 Q6 Q7
. p [Viet—M [Vit—K [V d—TF [Yi—FP
H— Qs
b C v T S
U=+1ovMC

FIG.33
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P. 87 o 6p-2631 06

EMITTER FOLLOWER 0

 Handle Color;  Black Blue

Dreving Number; D-67273 (lug); D-86827 (eyelet)

 PW Rumber: 63-581 (lug); 63-1021 (eyelet)

fransistors:” 8 L-5122 }

Power Supply Voltages: +10

Use: Emitter followers for logic and current amplification. (Contains U
: load resistances

~ Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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RNO.

07

'EMITTER FOLLOWER U4
Handle Color: Bia.ck Violet \;
prawing Number: p-67272 (lug); D-86826 (eyelet)
63-581 (lug); 63-1021 (eyelet)
b p-5122 o |

PW Numbers
'rrannistors:*
Powver Supply v°1t§ges: +10
Uses

load resistences

I

*. Remarksg

* o A
All transistor type numbers are ;identiﬁed with manufacturer in appendix

Emitter followers for logic and current ampliricétion.

un +/0v
27
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B C D v
J L R N
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P. 91 : 6p-2631 : 0. 0 8

CASCODE AND CABLE DRIVER

Handle Colorg Bleck (rey

Drawing Number: 1)-67159 (lug); D-86555 (eyelet)

PW Rumber: 63-514 (lug); 63-1022 (eyelet)

Trensistors;” 4 L-5122; 8 pL-5134

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

Use: Inverting power amplirier, and. ca.ble driver for 93 ohm cable and
twisted pair wire.

Remarkss U4 circuits per PIU

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

Hendle Color: Black White ,

Drewing Rumbers p-67976 (lug); D-8i92h (eyelet)

PV Number: 63-624 (lug); 63-1027 (eyelet) o

. pransistorss” 9 r.5122; 3 L-5134 |
PWO?'WPIY Voltages: 410 MC; +10; -10

Use: pulse gate for driving register of puls.e‘d bases

~ Remarksg 3 circuits per PIU

*All transistor type numbers are identified with menufacturer in appendix
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ADDRESS DECODER

. Handle Colorgs Brown Qrange

prawing Number; D-6T1hl

PW Number: 63-606

Transistorss” 12 L-5122

Power Supply Voltagess +10;MC -3

Use: Address Decoder in TDCM and 8 memory and emitter follower logic

~ Remarkss

*A11 transistor type numbers are identified with manufacturer in sppendix
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READ AMPLIFIER AND DIGIT DRIVER MOD II

Handle Color: Brown Blue

prawing Number: p-87626

PW Number: 63-1121

Transistors:” 3 L-5122; 2 L-5134; 2 2N635

Power Supply Voltagess +10 MC; +10; -3; -10; =30
Use: gense amplifier and diglt «line driver for Index Memory

{

Remarkss

*
All transistor type numbers are identified with manufacturer in sppendix

N

QU  FFiI”  FFO
NV /N

Oou

P=+jov MC
A=+/10v
E=-3v O
D=-30v
U=Gnd

{-/www
A

FlG. 45



L]

D-675iI
A - REDUCTION

SCHEMATIC
—_——— | CLDGND.

—

(X ]
220 MMM,

FiG. 46
INDEX MEMORY SELLCT
187, LEVEL.

R8s o
42000 | #3000 ¢
DY )
R/
160a
- va.
. .
HR '3‘ C }"M-‘
RED o
[
220 MMPD,
|n“l l. “
(%) RS R4
=%, Sase i
8 2
® -lov L al
P\ . -/

I 4

OUTAYUTY TO SECOND
LEVEL  SELECTION.



P. 9 o 6p-2631 Xo-

17

SELECT CIRCUIT 1ST LEVEL

Hendle Color;s Brown Violet

Drawving Number: p-67511

PW Number: 63-595

Trensistors:” 2 L-5134; 2 2N580 |
Power Supply Voltages: +10 MC; -33 -10

Use: pFirst level selection circuit fbr Index Memory

~ Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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_SELECT CIRCUTT 2ND LEVEL

18

Handle Color: Brown Grey

Drawing Number: p.-67572

PW Number: 63.60%

Transistorss 5 L-5122; 3 L-5134; 2 2N580
Power Supply Voltages: 410 MC; +10; -3; -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

Handle Colors Brown White

Drewing Number: D-80635

PW Number: 63-956

'rransiatorsg* 2 1-5U32

Power Supply Voltagess +10 MC; «10; =30

Use: Read Driver for Index Memory

Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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P. 105 6p-2631
WRITE DRIVER
Handle Color: Red Brown
prawing Number: D-6T7573
PW Number: 63-597
Transistors;:* 2 L-5134; 4 2n501
Power Supply Voltages: 430 MC; +10 MC; =30

Use: Write Driver for Index Memory

Remarkss

*All transistor type numbers are identified with manufacturer in appendix
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P. 107 6p-2631 , No. 2 2

| R _
Handle Colors Red Red |
Drawing Number: p.82709
PV Rumber:  63.8p9
Transistorss” 3 oNlTh
Power Supply Volteges: 410; -3; -10

Use:  provides protection against over voltage on computer

Remarkss Also contains 6 Transitron Diodes ~ -
' 3 ™7, 2 8V2079 Zener, 1 SV2080 Zener

*All transistor type numbers are identified with manufacturer in appendix
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e~ VARTABLE DETAY UNIT
Handle Color: Red Orange
Drawing Number: p-84175
PW Number: 63-942
Tra.nsistora:* 7T L-5122; 3 L-513L
Power Supply Voltages: 410 MC;  +10; -3; -10 \
Use: provides delayed level. Duration of -3 volt level variable from

.3 psec to 2.2 sec.

Remarkss

*All transistor type numbers are identified with menufacturer in appendix
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___INVERTER P-8

Hendle Color: Red Yellow
Drawing Number: p-86886
PW Rumber: 63-1023
Trensistors;” 8 L-5122
Power Supply Voltages: 410 MC;  -10
- Use: 7Inverters for logic and gating. Contains U load resistors.

~ Remarksg

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

Handle Color: Red Blue |
prawing Number: p-68017
PW Rumbers  63-623
Transistors;” 12 2N167
Pmr Supply Voltages: ,
Use: pecoder for higﬁ speed dispisy o

Used for first 6 bits of position decoder.

Remarkss

» |
All transistor type numbers are identified with manufacturer in appendix
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FOUR STAGE DECODER

Hendle Color: Red Violet

Draving Number: p-67993

PW Numbers 63-621

Pransistorss 12 2N167

Power Supply Voltagess

Use: ' pecoder For high spaed display

~ Remarkss

*All transistor type numbers are identified with manufacturer in sppendix
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POSTTION DECODER

Hendle Colorg Red oréy
praving Number: D-678U4k4
| PW Number: 63-618
Trensistors:” 4 WjplA2l; 10 2N16T
Power Supply Voltages: -LO
Use: position control steges for X and Y decoders of high speed display .

. Remarkss

»* ' .
All transistor type numbers are identified with manufacturer in appendix
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FOCUS DECODER

Handle cdlor: Red White
prewing Number: Dp-6790k
PW Number: 63-620
-Transistorm* 8 2n167

Power Supply Voltagess

29

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

Remarkss

*All transistor type numbars are identified with manufacturer in appendix
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DECODER GAIN SECTION

Ha.ﬁd.le Colors Orange Black

prawing Number; D-69151

m Nurbers 63-664

;;;ransistorag* L Wpla2l; 2 @r-901; 4 2N167

 Power Supply Voltages: -l0; -U5 (both obtained from decoder _pdwer unit)

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

~ Remarksg

. | .
All transistor type numbers are identified with manufacturer in appendix
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DECODER POWER UNIT

Hendle Color: Orsnge Brown

Bgevwing Number: Dp-69152

PW Numbers 63-670 ; ‘

Transistors:* 1 4Jpla2l; 1 @p-901; 1 2N167; 1 GA-52830
Power Supply Voltagess -50 »

Use: provides -40 volts, -45 volts, and position decoder reference for
decoder gein section (No. 30).

~ Remarkss

*A11 transistor type numbers are identified with manufacturer in appendix
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INVERTER S-OR

Handle Color: Orange Red
prawing Number: p-80130 (lug); D-86868 (eyelet)
PW Number: 63-582 (lug); 63-1023 (eyelet)

Transistors:* 8 1-5l22

- Power Supply Voltages: +10 MC; -10

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

~ Remarkssg

*All transistor type numbers are identified with manufacturer in sppendix
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INVERTER P-10

Handle Color; Orange Qrange

prawing Number; p-8127h

PW Number: 63-782

Trensistorss” 8 L-5122; 2 L-5134
Power Supply Voltages: +10 MC; -10

Use: TInverters for loglic and gating. Used as memory selector for 8§ memory.
Contains 4 load resistors. .

Remarkse

*All transistor type numbers are ldentified with menufacturer in appendix
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NO.

34

~P. 129 6p-2631
PARITY CIRCUIT
Handle Color:; Qrange Yellow
prawing Number: p-81271
PW Numbers 63-786
TransistorSg* 8 1-5122
Power Supply Voltages: 410 MCs +10; =3; =10

Uses
circults.
followers.

Remarkss

6 inverters are 2 emitter followers used in M and N register parity
conteins 2 load resistors for iuverters, and 2 for emitter

. _
All transistor type mumbers are jidentified with menufacturer in sppendix
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EMITTER FOLLOWER 9

Handle Color: Orange Green

Drewing Number: D-84151 (lug); D-86828 (eyelet)

PW Number: 63-581 (lug); 63-1021 (eyelet)

Transistoi'sg* 9 L-5l22 |

Power Supply Voltagess +10; -3

Use: FPEmitter followers for logic and current amplification. Contains b
load resistors.

~ Remarkss

*All transistor type numbers are identified with menufacturer in sppendix
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PULSE TRANSFORMER

‘Handle Color: Orange Blue
prawing Number: p-82342
PW Numbers 63-841
Transistors:*
Power supply Voltages: ’
Use: Inputs 30 volt 0.1 pysec negative pulse from vecuum tube clock.
. Qutput: 3 volt 0.1 psec negative pulse to transistor register drivers.

l ~ Remarkss (Contains two pulse transformers and terminations per PIU.

*
All transistor type numbers are identified with manufacturer in appendix
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TIME LEVEL DECODER

Handle Color: Orange Violet

prawing Numbers D-82908

PW Number: 63-871; 63-514

Tranaistors:* 7 L-5122; & 1-5134

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

lise:  S-way emitter follower AND ciréuit used as decoder followed by 2

cascode circults.

Remarks:s  Both ground and -3 volt outputs are obtainable.

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

Handle Colorg Orange Grey

prawing Number; D-84655

PW Numbers 61-87h4

Trensistors:” 2 2Nebla; 2 H-6 (2n539)

Power Supply Voltages: +10; =10 '

Use: power amplifier to drive solenoids in electric typewriter

~ Remarkss Maximum output current: 600 ma
Maximum output voltage: 30 volts

. | ‘
. "All transistor type numbers are identified with manufacturer in appendix
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TSS_RESISTOR DRIVER

Bandle Color; Orange White

prawing Number: D-82581

PW Number: 63-883

Trensistors:” 2 L-5122; 2 L-5134; 2 2N123; 2  GA-52830

Power Supply Voltages:  +10 MC; 4105 -10; -25 (From TSS Power Unit)
Use:  Provides drive current for resistor decoder network of toggle switch

storage. :

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

. .
All transistor type numbers are identified with manufacturer in sppendix
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TSS DIGIT DETECTOR

Hendle Colors Yellow Black

Drawing Number: p-82557

PW Number: 63-886

Transistors:” 6 L-5122

Power Supply Voltagess 410 MC; -10

Use: petects selected digits in toggle switch storage.

Remarkss:

*All transistor type mubers are identified with manufacturer in appendix |
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TS3 POWER UNIT

Handle Colors  Yellow Brown
prawing Number: p-82691

PW Number: 63884
rrensistors:” 1 g-6 (2N559)

Power Supply Voltages: -~30

Use: provides -25 volts for TS8 resistor driver (No. 39)

~ Remarkss

*All transistor type numbers are identified with meanufacturer in appendix
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FOUR H-6
Handle Color: yellow Red
Drawing Number: p-84761
PW Numbers

Trensistorss” b H-6 (2N539)
Pover Supply Voltages:

Use: power amplifier. Used in electric typewriter circuitry

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

’ *All transistor type numbers are identified with manufacturer in sppendix
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TYPEWRITER DIODE

Handle Color: Yellow Yellow

prawing Number:; D-85686

PW Number: 63-924

Transistors:*

Power Supply Voltages: :

Use: (ontains 16 GE Silicon 1N‘)'37 diodes used in electric typewriter circuit}'y.

- Remarkss Maximum current 750 ma PIV = 100 volts

*All transistor type numbers are identified with menufacturer in appendix
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NO.

45

6p-2631
INPUT MIXER
Handle Colorg Yellow @Green
prawing Number: D-85545
PW Number: 63-953
Transistorss™ L [-5122; 12 oW357 -
Power Supply Voltagess +10 MC; ~10

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

Remarkss 4 circuits per PIU

* )
All transistor type numbers are identified with menufacturer in appendix
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Handle Colorg Yellow Blue

prewing Number: p-85386

PW Number: 63-562 ’
Trensistors:” & 1-5122; 3 L-5134; 1 2N501
Power Supply Voltages: 410 MC;  -10V

46

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

 Remarks: fThis is similar to unit 32, the inverter 8-8R, with different

transistors and losd resistors.

*All transistor type numbers are identified with manufacturer in sppendix
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——JNHIBIT LEVEL DETAY LINE
Handle Colorg Yellow Grey
Drawing Number: D-84995
PW Number:  63-96k4
Transistors:*
Pover Supply Voltages:
Use: controls timing of Inhibit levels in 8 memory. Taps at 7.5 mysec

intervals

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

f&ll transistor type numbers are identified with manufacturer in appendix
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VARTABLE DETAY COUPLING UNIT

Handle Color:; Yellow White

Drawing Number: p-80513

PW Number:  63-976

Transistorss” 1 L-5122; 3 L-5134

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

© 49

Use: Used to couple one varlsble delay unit (No. 23) to another so as to

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

serles of pulses.

~ Remarkss

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

Handle Colorg (Green Black

Drawing Number: D-80700

PW Number; v60-982

Transistorsg*

Power Supply Volteges: 4+10; -3; -10

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

Remarksg Requires externally mounted Clare HG1l0l2 Mercury Relay, and
push button.

*All transistor type numbers are; identified with manufacturer in sppendix
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VARTABLE DELAY AUXILIARY UNIT

Handle Color: (Green Brown
prawing Number: D-85673

PW Number: 63-974

Transistors:* Ik 1-5122

Power Supply Voltages: +10

Use: Provides a switch under computer control to switch among eny of four

values of delay

Remarkss Used with variable delay unit (No. 23)

N ‘
All transistor type numbers are identified with menufacturer in appendix

P=+IOv i
U=Grnd. FIG.1O7
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INPUT MIXER AMPLIFIER
Handle Color: Qreen Red
Drawing Number: p-857hh
PW Number: 63-988
Transistors:* kb 1L-5122
Power Supply Voltages: 410 MC; -10

Use: Inverting amplifier for levels coming from input mixer (no. 1*5)

Remarkss L4 circuits per PIU

*All transistor type numbers are identified with manufacturer in sppendix
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SCEMIDT TRIGGER MOD IX

Handle Colorg (@reen Qrange

prawing Number:; D-87685

PW Number: 63-1105

Transistors:” 2 L-5134; L4 2N357

Power Supply Voltages: 10; -3; -10

Use: Inverting circuit providing fast transition times between ground and

-3 volts independent of input transition times

Remarkss Trigger points: -0.9 volts, -2.2 volis
2 circuits per PIU

*
All trensistor type numbers are identified with manufacturer in sppendix
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PETR_AMPLIFIER

Handle Colors (@reen Yellow

Drawing Number: p-80515

PW Number: 63-987

Transistors:” 2 LJplpl; 2 2N167

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

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

Remarkss 2 circuits per PIU

' fAll transistor type numbers are identified with manufacturer in sppendix
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.1 uSEC PULSE FORMER

Hendle Color: Green QGreen

prawing Number; p-80514

PW Number: 63-986

Transistorss” L L-5122; 1 L-513h

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

Use: Form .l psec 3 volt negative pulse from rising or falling level

Remarks: Maximum output pulse current: 30 ma

*All transistor type numbers are identified with manufacturer in sppendix
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GATED PULSE AMPLIFIER

NO.“ 56

Handle Colorsg Green Blue

Drawing Number: p-85748

PW Number: 63-961

Transistorsg* 2 1-5122; 2 12N501

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

ﬁseg Pulse emplifier for .l 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 manufacturer in sppendix

é T
0 1 Qo2

|
D ouU :
C_prin Q! ; B Ry
F o 1L
% N | i
- |
I ‘
Q2
® k‘“%“Ezj : ®
|_® B |
%é R
- l
!
N
et m K ! 13
|
A-+10vMC. CARD A :
|

R=-JOv
U=Grnd. FI16.T

)
e
? . S
K
CARD B



0-85568
B2 RED.

Lt

SCHEMATIC

——©0

m

®

AlO)

&

>

>

>
-0

T
T e ey

©

o
-

N
—

Lsuw .

150
B23)

ci7z

| |-

17r

150
B10)

SIS EENISETEEISEET

9
A

1
|

SESY! ¢ By

SN EEEEEEE

[
S N

)
2
o

FiG.118

0.15 uSEC, 50 OHM DELAY LINE




P. 171 6p-2631 Y- 57

.15 uSEC 50 OHM DELAY LINE

Handle Colors Green Violet

prawing Number: p-85568

PW Number: 63-964

'rransistors:*

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 sppendix
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4 uSEC 75 OEM DELAY LINE

Handle color§ Green Grey

prawing Numbers D-85T46

PW Rumbers  63-1002

Trannistwﬂsg*

Power Supply Voltegess

Use: Controls timing of pulses for memory control flip-flops. Taps at 20 mysec

intervals. .

Remarkss Terminate end with 75 ohm resistor

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

Handle Colorg Oreen White

Draving Number: D-85745

PW Numbers: 63-1000

Tra.naistorSg* b 1-5134

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

Use: L clamped inverters with 4 load resistors and outputs for driving

bases and for driving cables

Remarkss ysed in in-out equipment

*All transistor type numbers sre identified with manufacturer in appendix
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Hendle Colors

Drawing Number:

PW Numbers

-3 uSFC PULSE FORMER MOD II _

Blue Black
p-87522

63-1001;  63-1000

Transiators:* 4 1-5134

Power Supply Voltages: +10 M(;

- yses

{

.~ Remarks: 2 circuits per PIU

6p-2631

-3

.

)

=10

> 60

a-c coupled clemped inverters for forming .3 psec 3 volt positive or ‘
negative pulses from wave form rising from -3 volts to ground '

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

Handle Colors ﬁlue Brown

prawing Number: p-85749

PW Numbers 63-999

Trensistors:” 4 L5134 2 aws3k; 2 2wl

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

Use: Bistable device to provide log:tc levela 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 are identified with manufacturer in appendix
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DUAL FLIP-FLOP MOD IT

Block Symbol

P=4/0v MC L
E=-3v
K=~/Ov

L =Gnd. FiG.[28
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SYNCHRONIZER

Handle Colorg Blue Red

prawing Number: p-85888

PW Rumber: 63-999

Transistors:” 4 L-5134; 2 2853k 2 2wdel
Power Supply Voltages: +10 MC; -3; «10

Use: (Contains 1 complete dual flip-flop Mod IT (No. 61)
Used for synchronizing clrcuit in in-out equipment

~ Remarkss

#* .
All transistor type numbers are identified with manufacturer in eppendix
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CAPACTTOR DIODE GATE (cK)

Handle Colors Blue Qrange

prawing Number:; D-85T47T

PW RNumber: 63-1006

'rransiatoro:*

Power Supply Voltages:  ~-10
Use:
use in in-out equipment

~ Remarkss

|

Contains 6 capacitor diode gates.

63

Can be used for mixing and gating of
levels rising from -3 volts to ground. oQutput is positive pulse for

*All transistor type numbers are identified with menufacturer in appendix
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VT DRIVER AMPLIFIER

Handle Color: Blue Yellow

prawing Number; D-85751

W Numﬁer: 63-1013 ’

Transistorsg* .

Power Supply Voltages: 4250;  +150 MC; .+103 -15

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

© Remarks: 8ylvania 6888 vacuum tube and 250K potentiometer mounted external
to unit

. _
All transistor type numbers are identified with manufacturer in appendix
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OUTPUT MIXER

Handle Color:  Blue Green

prawving Number; D-8631T7

PW Number: 63-1000

Trensistorss’ U4 L~-5134

Power Supply Volteges: +10 MC; «3; -10

Use: 4 clemped inverters with one loed 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 sppendix
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Handle Colors

Drawing Numbers;

PW Rumberg 63-1000

Trensistorsy” 4 L-5134

Power Supply Voltagéag

Uses

6p-2631.
'LINE DRIVER
Blue Blue
p-86893
+10MC; =33 =10

and for driving cables and twisted pair lines.

b clamped inverters with 4 load resistors and outputs for driving bases

" Remarksg Used in in-out equipment ﬁrimar’iiy for “'driving cables

*All transistor type numbers are identified with manufacturer in appendix
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~ VT BUFFER AMPLIFIER

Handle Color: Blue violelt

Drewing Number: D-84996

PW Numbers 6_3-101“i

'rransistors:* |

' power Supply Voltages: +250; 4150 MC; +10; =15

Use: Provides 30 volt negative pulses for driving 95 ohm cable to pulse

transformers in computer

~ Remarks: gylvenia 6888 vecuum tube and 2501{ potentiometer mounted extema.l
to unit

. _
All transistor typevmlimbers are ldentified with manufacturer in sppendix .
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LAMP_LIGHTER

Handle Colors Blue Qrey

prawing Number: p-87007

PW Numbers 61;8714

Transistors:” 2 2K536; 2 H-3
Power Supply Voltages: +410; =10

Use: ysed to light 30 volt bulbs

- Remarks: Meximum output current: 100 ma
. ‘Maximum output voltagei 30 volts

*All transistor type numbers are identified with manufacturer in appendix
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RELAY UNTT

Handle Colors Blue White
Drawing Number: p-87655
PW Rumber: 63.1061
'rra.naistors:*

Pover Supply Voltages: -30

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

Remarks: contains two double-pole double-throw relays,
Clare, Type F, No. RP7638 ‘

*All transistor type numbers sre identified with manufacturer in appendix
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LIST OF TRANSISTORS USED IN TX-2 CIRCUITRY

Type Number
As Listed in Bquivalent
Text Manufacturer Number Remarks
GA-52830 Western Electric PNP Core Switch
GT-90L Sylvania NPN (Core Switch
H-3 Minneapolis PNP Power
Honeywell
H-6 Minneapolis 2N539 'PNP Power
Honeywell ‘
L-5122 Philco and 2N240 PNP SBT
Sprague (Similar) -
L-5134 Philco and 2N393 PNP Micro-alloy SBT
Sprague (similar)
L-5409 Philco SN50L PNP Micro-alloy diffused-
- basge transistor - Very
high speed switch.
L-5432 Philco PNP Micro-alloy diffused-
base transistor - High
voltage, high power
2N501 .
2N123 General Electric PNP Medium Speed
ON167 General Eleetric NPN Audio, Grown Junction
ONLTh peleco PNP Power
2N188A General Electric PNP Audio
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Type Number

As Listed in  Equivalent _

Text . o Manufacturer Number Remarks

2N2klA General Electric - PNP Audio

2nN321 General Electric PNP Audio

an357 General Transistor NPN Medium Speed
2N396 General Electric hanlnl PNP Medium Speed
an53h ‘Philco PNP Auvdio, Miniature
2N536 ‘Philco PNP Audio, Miniature
2n580 RCA ¢ PNP Medium Speed
2N635 | General Electric Bt NPN Medium Speed
kJplasl General Electric 2§43 PNP Audio

(Similar)
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SURFACE BARRIER TRANSISTOR SPECIFICATIONS

A

Philco: L-5122 Spregue;  §-5122 Similar to type: 2R2kO
- T=-1071 : ;
Maximum dissipation at ho°cg 10 mw
Maximum collector voltage, V o Bg' ~6 volts
Maximum collector currents =15 nma

Minimum h, (small signal g) (I@ = =-.5 ma, = =3 Vv): 16

Vee
= =.15¥)s 8.33 for Philco units

Minimum pC B (I, = --6 ma, ¥
10.0 for sprague units

CE

Minimum Grounded-Emitter Unity Gain Frequency, fT
(I, = =-5ms, Vo = -3v): 30me

CE
 Maximum Hole Storsge Coefficient, K_'s 105 puacoul/ma
Meximum I (V@b = =5v): 3 pemps

Maximum I W@b = =5 ¥): 3 pamps

Philco: L-513k Sprague: S§-5134 Similar to type: 2N393
P=1301
Maximum dissipation at %QGg_ 35 mw
Maximum collector voltage, V@B: -6 volts
Maximum collector currents =50 ma

Minimm b (Small signal g) (I@ = =.5 ma, = =3 ¥): 4O

Ver

Minimum DC B (Ib = =5ma, Vo, = .15 v)s 30

CE
Minimm p¢ g (I, = -50 ms, VC’E = =1.0 v)2 20

Minimum Grounded-Emitter miﬁy Gain Gregquency, fT,
(I@ = =.5 ma, v@E = =3 V)3 30 me -

Meximum Hole Storage Coefficient, K 's 160 pucoul/ma
Max imum I '(V@b = =5 V)3 5 pamps
Meximum T_ (v@b = =5 v): 10 pemps
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SURFACE BARRIER TRANSISTOR SPECIFICATIONS (Cont'd)

Philco: 2N501
L-5409

Maximum dissipation at ho°c: 35 mw

Maximum collector voltage, vCB: -15 volts
Maximum collector current: ~-50 ma

Maximum emitter voltage, VEB= 2 volts
Minimum pC B (1c = -10 ma, Vop = =0 v): 20
Minimum C B (I, = -50 ma, V. = =5 V): 20
Maximum rise time:” 18 mpsec |
Maximum storage time:* 12 mysec

Meximum fall time:* 10 mysec

Ieo (Vo =-5V) 5 pamps

*NO'_[‘E: These times are measured in Philco ‘fest Circuits described in the
- Philco specification sheet for the 2N501 and shown below. These
times do not necessarily coincide with those in TX-2 circuitry.

' I l 75V
—>

N
2N 501 sph
___4 A ¥
Oggf A=1zon
v
—-30V
RISE TIME TEST CIRCUIT
—+ v
I |+'05v ~ .
T .ot *
_..®__...{ 2N 501 RFC
3K sph g
001 001 .
o—————-"———-o———-"————« E 3
§56 o1 o : §R§mon
—T———
1zo0n
\ Y
~-7.5V ~30v"

DELAY AND FALL TIME TEST CIRCUIT
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LIST OF M-NOTES PERTAINING TO TX-O, TX-2, AND SURFACE BARRTER TRANSISTORS

Number Title Author pate

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

6M=3830 Positive Bias as Apnlied to Surface- K.H. Konkle 8/12/55
Barrier Transistor Switching Circuits B.U. Cohler

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

6M-4521, S-1 A LePlace Transform Analysis of Pulse R.C. Johnston 9/12/57
Beta P

6M-1561 TX-0 Circuitry J.R. Fadiman 10/22/56

6M-45T71 Trensistor Logic in TX-O R.C. Jeffrey 9/5/56

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

6M=4955 Parameter Pistributions for the D-J. Eckl 3/19/57
Philco L-5122 Surface-Barrier ‘
Transistor

6M-4968 T&e Linceln TX-2 Computer W-A. Clark et al. Lk/1/57

EM-5097 TX-0 Direct Imput Utility System J-P. Gilmore 4/10/57

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

6M-5199 A Two Transistor Flip-Flop for the R-A. Hughes 9/3/57
TX~2 Computer

M~-5216 A Transistorized Varisble pelay uUnit 1. Kleinrock 9/12/57
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Number

20k.

LIST OF M-NOTES (Cont‘d)

mitle Author

6M-5216, S-1 A Transistorized variable Delay Unit J.R. Fadiman

6M-5590
6M-5661

6M-5701

6M-5780

6M-5856

TX-2 Gated Pulse Amplifier L. Neumann
Toggle-gwitch Storage System, TX~-2 L. Neumann

A Computer-Integrated, Rapid Access, R.L. Best

‘Magnetic Tape System with Fixed T.C. Stockebrand
Address

Some Examples of TX-2 Programming H.P. Peterson

Some Applications of 2N501 Transistors
to Switching Circuits J.-W. Lengford

Date

1/20/58

3/13/58
4/21/58
5/16/58

7/23/58

8/29/58



