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" NEW DEVELOTMENTS IN PULSED CIRCUIT TEST
EQUIPMENT

by

Robert R. Rathbone

ABSTRACT

The usual methrod of transmitting intelligence in a large~scale
system of pulsed clrcuits is to supply a slgnal pulee on & particular
line at a specified time. To test such & system, external equipment is
needed which will generate, route, delay, gate, store, shape, and measure
vulses, The Electronic Comvuter Division of Servomechaniems Laboratory,
M.I.T,, has developed a new line of test units for all these operations.

. This equipment is deslgned to operate with positive, 0.1~
microsecond, half-sine-wave pulees and & minimum pulse period of 0.5
microsecond. Most of the units have a rulss-ghaping circuit to insure
that output pulses are uniform. Rach contains an average of 6 vacuum
tubes, may be mounted on & 19-inch relay rack, & performs some basic
function of & pulsed circult. A standard input end outvut impedance of
93 ohms permits interconnecting the units as basic building blocks
for a large variety of pulsed systems.

Before the adoption of the buildingmblock technique, a special
teat setup for the M.I.T. digital computer would require long periods of
time to design and construct. After tests, the setup would be worthless,
except for its salavare value. By using the new units, the engineer may
now build an elasborete array in lese than a day. When it is no longer
needed, the setup is dinassembled and the pieces of test equipment
are ready for other uses.
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INTRODUCTION

The term "test equipment", when used to describe electronic
devices, usually brings to mind signal generators, oscilloscopes, vacuum-
tube voltmeters, and other commercial measuring instruments. These unite
are used generally in commnication problems where a single input pro-
duces a single output, and the intelligence is provided by some method
of modulation.

In a large-scale system of pulsed circuita, such as a digital
commuter, hunirede of pulse lines are switched to form pulee channels;
and the usual method of transmitiing intelligence is to supply & pulse
on a particular line at a spscifisd time. This prodlem of pulse routing,
plus the fact that the pulse mugt often meet a required amplitude, shape,
and duration, make system testing with conventional test equipment ex-
tremely difficult,

The test units described in this paper are floxidble devices,
built by the Electronic Computer Division of the Servomechanisms Labora-
tory, M.1.T., to test the design and construction of a digital computer
.which operates with 0.)l-pgec puls~s and a pulse repetition frequency
varying from a pugh-button rate to 2 megacycles. Since the units can
operate over such a wide frequency range, they could be used in other
epplications of pulsed circuits.

_ For the convenience of this discussion, the equipment is
divided into two classes: (1) pulse-control unite, ard (2) pulse-
measuring units.

PULSE--CONTROL UNITS

Gensral Description

Bach pulse-control unit performe soms basic control function
of a pulsed circuit; i.e., generating,dslaying, routing, and gating '
pulees. All are designed to operats with positive O.l-tesc half-sine-
wave pulses snd a minimum pulse peried of 0.5 isec; many contain a pulse-
shaping circuit to insure that ocutput pulses are uniform.

Tach unit haa an average of six vacoum tubeg, draws 1its power
from a centrsl vower supply, and mey be mounted on a 19-inch relay rack.
A gtandard input and output impedance level of 93 obhms permits intercomnect-
ing the pisces repidly - as building blocks for a varisty of pulsed
systems. ‘ '
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Functlone of Pulse-Control Unlits

Row that we have a general picture of pulse-control equipment,
1at us examine briefly what each unit does. In order to test pulsed
circults, we need a device which will contimouely suvply uniform
plses. The Variable-Frequency Clock-Pul se Generator, .shown in Figure 1,
ie designed for this Jjob. It provides pasitive (O.l-Usec half-sine-wave
pulses, which we call "standard" pulses, at a 93-ohm impedance level,
with the pulee repetition frequency contimiously veriable from 200
kiloeyclas to 4.9 megacycles.

Cnce we have a pulse source, if we wish to send the same pulse
simultaneocusly over s selected nmumber of lines The Coder is available
(ree Figure ?). The Coder has a single innut, tut for each inrut pulse
1t will deliver up to five simultaneous outmut pulsee at separate terminals.
Although the input pulse must be positive, the output pulses may bde
individually selected as positive or negative, or may be omitted. A
pul se—~shaping circuit within the unit insures that the outrut pulses are
"gtandard®. The name "coder" was chosen because the five output lines
can be switched to represent any 5-digit binary code, the presence of a
pulse on a line indicating a 1 and the absence of a pulse, a 0.

If we wish to mix the outputs from a mumber of pulse lines onto
a single line, The Pulse Mixer (Fig. 3) can be conveniently used for this
purpose. It will take as many as eight independent inmmut pulses on
separate input jacks; and, so long as the pulses are at least 0.H-usec
apart, will mix them onto a single outrut jack. A pulse-sheping circuilt
is als0 included so that the output ie independent of the imput as far
s pulse amplitude and shape are concerned, apnd a1l output pulses are
standard 0.l-psec pulees.

A basic circuit in many puleced systems is the two-tube trigger
circuit, or flip-flop. This electronic device has two stable states,
end is capable of maintaining either state indefinitely until it 1s
switched to the other by an external trigger pulse. Thus, if we interpret
one stable atate as an "ON", "YES", or "1" condition, and the
other stable state as an "OFF" "HO", or "O®" condition, ws may transmlt
intelligence from one point to another in a system by sending a trigger
pulse to switch a fllv~-flop.

The Register Panel, shown in Fig. 4, utilizes the flip-flop as
a means of storing, or remembering, 1x1formationa For example, in digital-
commuter applications, the information stored is the binary digit O or 1;
and, since Register Panels can be used in cascade, a storage regieter of
varying number lengith may bte formed. Indicator lights on the front of
thig unit tell the operator the "content" of the flip-flop, while three
separate inruts enable him to insert a 1, insert a 0, or switch the
flip-flop from one state to the oppoeits regardless of content.




The Regieter Papel also eontelns a coineidence clreuit known an
oo Pegate Cirendit?, If we wish teo stop the progress of o pules on a nDooii-
viler line, we logically would place an obstacle in iis path. ¥
© w2 may wish to remove this obstacle quickly at another time, to leb toe
pelse contime 1ts jJourney. A fast and effective method of conbtrolling
wilse travel le the gate tube. An information pulse whiceh reaches the
to, 1 grid of this tube will aprear at the cutput only when thers iz &
"eating" voltage on the No. 3 grid of the tube. In the Register Panel,
this gating voltage is eurmlied by the flip~flop. The gate tube is
coupled to one of the flip~flop plates, called the "1 side"; and whensver -
tha flip-flop containg & 1, a gating voltage is eupnlied to the No., 3
grid of the gate tube, and the "gate" ig said to be oven.

The remaining pulse-control unit of imrortance is the Gate and
Delay (s~e Fig. 7)o This equirment has the unique ability of producing
a gating voltage, or "gate®, of adjustable duration when triggered by a
single invut pulse. It will alse eupnly & delayed O.l-usec pulse, the
delay time being equal to the duration of the gate. Two controlezs fer
adjusting the delay from 0.5 pesse to 2500 ,sec are avallable; a step
or "course" control and a ™ine"control which igs used between steps. The
“elipper® control in the gate ocutput circuit enables us to eliminate
negative overshoot. The delayed pulse output has the standard amplituds
and pulse~polerity controlas: and since a pulse-sghaping cirguit is in-
cluded, the delayed pulse is & Q.l-{isec half-sine~wave pulss.

Typical Apvlications

, A vyidely used device in computer work is the binmary counter,
Fig. 5 shows the setup for a 3-stage counter (acale of elght) usipg three
Register Panels. Each flip-flop (FF) represents a bimary digit (0 or 1)
of a three-digit binary pumber. The content of the counter is displayed
by the 0 and 1 indicator lights on each panel. If randem ipput pulees
are Ted %o the assembly at point A after each flip-flop is preset to O
by some external triggering device, the eighth inmut pulse will return
the counter to 000. For example, the first pulse arrives at point A,
finds gate tube 1 (GTL) closed end switches FF1 to 1. The second pulse
then finds CT1 opem, switcheg FF1 to O, and arrives at Poinit B, ste.
After the seventh pulse passes point C, the ccunter is filled (the flip-
flope contain 1°'s), The eighth pulse then passes through GT1 and GT2,
and switches each fliv-flop ~8 it goes. The counter is now back to 1iis
original walue {000) and 1s ready to count eight more pulses. The iumhersnt
delay of the triggering circuit in the flip-flop of each Register Panel
. is sufficlent to obviate the need for the delay element (DE) shown. The
geale of B may be changed to & scale of 7 by using 673 and fseding itg
output, termed "ond carry® (point D), back to ths 1, or read-in, inmput of
FrL (polat E), ' ’

Other widely used puleed circulte which can be assembled
rapldly with this new teat eoripment are storage registers, pulses distyl-
brtors, and frequency dividers. Axn intereeting simulation problem was



solved at M.I.T, by congtructing a "test control! for the digltal computew,
using pleces of test equipment (see Fig. 6). This control permitted the
arithmetic element of the computer to operate while the regular control
element was being constructed. It provided:

l. All timing rnd control pulses necessery for accurately
simlating selected computer operations,

2. Three temporary toggle~switch registei's for storing binary
munbers.

3. Means for observing the verformance of all circuits.

4. A syetem which permttad operations to be perforﬁxed either
at high speed or at a push~button rate.

PULSE~-MEASURI NG UNITS

In the second class of new test unite are the video probe and
the video amplifier. These are used in conjunction with a synchroscope,
rather than an oscillescope, to permit pulse measurement and observatlon.

The Video Probe (Fig. 8)

Most video probes amploy an R-C compensated voltage divider
having a step~down ratio of uesually 10:1 oxr 100:1., Such probes utilige
the capacitance of a coaxial cable as part of the R-C circuit, and the
cable itgelf as a flexible lead of fixed length from the teet point to a
video~amplifier input. This type of probe is useful for observing pulses
wiich have longer rise times then the delay tire of the cable; however,
when the rige times of the pulses are about as long as the delay time,
the probe cannot be used because reflections of the pulses are set up in
the cable.

The probe now in uge at M.I.T. is designed to feed a terminated
cable having a characteristic impedance of 93 ohma, The advantage in using
a terminated cable is that it can be made any reasonalle length (up to
100 feet) without introducing reflections,,

The probe is 7 inches long end 1 1/2 inches in dlameter, and
_bas two sections: the attenuator and cathode follower. Each sectlon

is encased in brass tudbing to provide shielding againat hend capacitance
and pickup of atray voltagea,.

The cathode-follower circuit has a high-frequency response usable
to 50 megacycles, an input impedance level of 10 megolms within the usable
rangs, and an outwut impedence of 93 ohms. A type CS~968 subminiature triods
was selected becanse of the tube’s small size, high mutual conductance; and high
diseipation ratings. Since the tube overloads at voltages greater than 1 or



2 volte at the input, plug-in attenuators are provided eo that & wide

range of input voltages can be accommodated. These attenuators include

10:1, 30:1, and 100:1 types; 21l have imput imvedances represantabdle hy a
rezigtance of 10 megohme szhunited by a cepacitance of 2 to & micremicrofarads.

If the probe is used pear its video amplifier and eynchrosoope,
power is obtained from a supply mounted on the synchroscope chassis;
if it 1s used at a remote dlstance from the sycnrhoscope and amplifier,
a portable ‘ower suprly is available. Voltages used are +75V and 6. 3v
a~C.

The Video Amplifier (Fig. 9)

‘Since the probe attemator reduces signal amplitude and the
cathode follower has a gain of only 1/3, a video amplifier has to be
used if slgnals are to be observed on a synchroscope- The wide~band
erplifier designed for this purpose at M.I.T., was constructed to fit
inside the cabinet of & commercial synchroscope; several units are now
in service. The specifications of this eamplifier are as follows:

Circults;
Five stages, the last four push pull.
Tubs types used: OAHG, GANG, £29.B.
Separate power supply.
Inputs |
The minimum signe) amplitude at the imput is 0.02 volt
Peak above average value; the maximum is 0.3 volt,

Frequency Response (with probe):

The frequency response at T 1av 1s 25 cps to 20 mg.
The =23b pointe are L7 cps and 28 me,

Qutout:
Over-all gain of the amplifier is 45 db.
The maximum output voltage is 75 volts peak.
CONCLUSION

Before the adoption of ths building-block technique of testing
at M,1,T., & speclsl test setup for the digitel computer would require
long periods of time to design and construct. After tests, tha‘ getup



would be worthless, except for its salvage value. By using the basic
unite described in this paper, the engineer may now build sz slaborate
test esetup in less then a day. When the zetup e no longsr needod, 1%
is disassembled, a,nd the pleces of test equiprment are ready for m,:w:
nges.

I% is true that for a given test & special design may requive
fewer tubes and components than one made of test equivment. Hewever,
the saving of engineering end shop time to be gained by using the new
units more than offsets the slightly larger ocutlay of total equipment.
For example, a special binary counter was designed, constructed, and
debugged ~- all of which required six weeks® work. Later, an equivalent.
binary counter was cet up in ten mimites using three bullding bdlocks.

In-addition to its varied epvlicationg in the field of digital
computers, the new test equipment can be used for any type of work that
requires pulse circuits, provided that the resolution time of the equip-
ment is able t> cope with the project at hand. Since this equipment
is designed for a minimum pulee period of 0.5 peec; it can be uged for
& large varlety of industrial. and sclentific purposes. If some practical
scheme for providing vower is available, about all that would be required
to adapt the equirment would be input end outout panels which would lengthen,

amplify, or change the impedance lcvel of the outrut pulses 1n accorda.nce
with the circuits to be fed.
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