





-3

ORNL-3687
Errata

PERFORMANCE CHARACTERISTICS OF MODULAR NANOSECOND
CIRCUITRY EMPLOYING TUNNEL DIODES

N. W, Hill, R, J. Seroggs,
J. W. McConnell, and J. M. Madison.

Please replace Fig. 19, page 16, of the subject report with the attached
drawing. The page has been printed on gummed stock and may be pasted
directly into the report.



ORNL-3687

Contract No. W-7405-eng-26

Neutron Physics Division

PERFORMANCE CHARACTERISTICS OF MODULAR NANOSECOND
CIRCUITRY EMPLOYING TUNNEL DIODES#*

N. W. Hi11,**, R. J. Scroggs,+ J. W. McConnell, *¥
and J. M. Madison**

OCTOBER 1964

*Work supported by the National Aeronauvutics and Space Administration
under NASA Order No. R-104.

**¥Instrumentation and Controls Division, ORNL.

+Formerly of Instrumentation and Contrecls Division, ORNL; now with Oak
Ridge Technical Enterprises Corp., Oak Ridge, Tennessee.

OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee
operated by
UNICN CARBIDE CORPORATION
for the
U.S. ATOMIC ENERGY COMMISSION

OAK RIDGE NATIONAL LABORATORY LIBRARIES

(AT RAMATAI

3 yy5k 0548327 8



e et o N . e



App.

iii

Table of Contents

Abstract =--memmmmc—mm e mm e m— e

Introduction - —===----e—eeem—m—om e

Discriminator Modules — =====-----==-=-=-=--

2.1. Slow-Recovery Discriminator Module

2.2. TFast-Recovery Discriminator Module

Coincidence and Anticoincidence Modules --

3.1. Slow-Recovery Coincidence Module

3.,2. Fast-Recovery Coincidence Module

3.%, Anticoincidence Module  ----------

Sealer-Driver Modules — —----=--==-=-—------

4.1. Positive- and Negative-Output

Scaler Drivers  =-------memmmmemee——mmemmom s

4.2. 100-Mc Scaler Driver  =-w---c=-----=------=-=
Scaler Modifications  =--=-==------=------
Power Supply Regulation  ==--------=-==---=-==-=o=-==-

Construction Details  ==--===-==------==-=-------====

13

21

21
23
23

23

23
27

29

29

33



PERFORMANCE CHARACTERISTICS OF MODULAR NANOSECOND
CIRCUITRY EMPLOYING TUNNEL DIODES

N. W. Hill,* R. J. Scroggs,** J. W. McConnell, *
and J. M. Madison*

Abstract

Tunnel diodes have been used in the design and construction of a
variety of modular circuitry used in instrumentation for high-energy
particle experiments. Modules included fast- and slow-recovery dis-
criminators, fast- and slow-recovery coincidence modules, positive- and
negative-output scaler drivers, and a 100-Mc scaler driver. The
individual univibrators used in the circuitry and the completed modules
have been subjected to extensive tests to determine the effects of vari-
ations in operating temperature and in input pulse magnitude on resolu-

tion, pulse shape, walk, and thresholds.

Tt was found that circuitry using tunnel diodes is strongly af-
fected by such variations, as well as by fluctuations in the power supply.
Tt was also noted that parameter differences between supposedly identical

tunnel diodes produced significantly large variations in module behavior.

Tt is concluded that the modular circuits discussed and shown in
this report are satisfactory for their intended purposes, but that maxi-
mum performance and stability can be assured only by individual selection
and testing of the tunnel diodes and by regulation of power supplies to
+0.01% for both line and load.

An appendix gives some general details of the construction of the

modules.

%*Tnstrumentation and Controls Division, ORNL.

*¥Formerly of Tnstrumentation and Controls Division, ORNL; now with Oak
Ridge Technical Enterprises Corp., Ozk Ridge, Tennessee.



1. Introduction

Tunnel diodes, with their unique current vs. voltage response, have
found wide application to high-speed (nanosec) switching and memory-sensing
clrcultry since their disclosure by Esaki in 1958.1-8 They have recently
been utilized in the construction of a variety of circuit modules included
in the instrumentation of several high-energy particle experiments being
performed by the ORNL Neutron Physics Division as part of its space-vehicle
shielding studies.” These modules, which include circuits designed for
bulse-height discrimination and for various coincidence and anticoincidence
functions, were used in a gamme-ray spectrometer, in several proton-recoil

telescopes, and for various purposes in particle time-of-flight measure-

ments, as well as in a number of scaler-driver circuits.

Although tunnel diocdes are known to have inherent high speed and to
be operable over a wide range of temperatures, 1t was important for the ap-
plications noted above to obtain a detailed knowledge of the behavior of
the several modules with variations in operating temperatures and magnitude
of input signals. The present work is therefore primarily devoted to these

subjects.

L. Esaki, Phys. Rev. 108, 603 (1958).

H. Ur, "Tunnel Diode High-Speed Circults," Proceedings of the Berkeley
Conference on Instrumentation for ngh—Energy Physics, IIa.2, 45 (1960).

5. R. H. Bergman, IRE (Inst. Radio Fngrs.) Trans. Electron. Computers,
ECO(L), 430 (1960).

L. G. Infante and F. Pandarese, "The Tunnel Diode as a Threshold Device:
Theory and Application,'" Proceedings of the Conference on Nuclear
Electronics, Belgrade (1961).

>« A. L. Whetstone and S. Kounosu, Rev. Sci. Instr. 33, 23 (1962).

A. L. Whetstone, IRE (Inst. Radio Engrs.) Trans. Nucl. Sci. 9, 280
(1962) .
7. M. J. Morgan, Semicond. Prod. 5(7), 9 (1962).
8. M. Cooperman and R. H. Bergmen, Electronics 36(28), L2 (1965).
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of this work is gratefully acknowledged. The many helpful suggestions
of R. W. Peelle, T. A. Love, and J. T. Delorenzo are also acknowledged.




2. Discriminator Modules

Two basic discriminator modules were constructed. The first, the
slow-recovery discriminator, was based upon a design by Whetstone © and,
operating on pulses from a photomultiplier tube, performed the functions
of low-level discrimination, pulse shaping, and "fan-out" for counting
purposes. The second, the fast-recovery discriminator, was a modification

of the slow-recovery discriminator to improve the pulse-pair resolution.

2.1. Slow-Recovery Discriminator Module

A diagram of the slow-recovery discriminator module is shown in
Fig. 1. This circult uses 10-mA gallium arsenide tunnel diodes having
the typical current vs. voltage response shown in Fig. 2. The individual
wnivibrators (broken lines in Fig. 1) have a dead time of 1k times the
pulse width at half-height. Dead time is defined as the time separation
between a pair of pulses that are just resolved when the second pulse has
an amplitude lO% above threshold. The pulse width, and therefore the
pulse-pair resolution, is dependent upon the capacitance of the diode, the
resistive load ( ~ 1%Q in the diagram) and the value of the inductance L.
Individual minimum thresholds are of the order of 50 mV; however, a TD-10k4
diode may be substituted for the XA650 in position 1 of Fig. 1 to give a
threshold as low as 2 mV at this location. Figure 3 -shows the output wave-

form of a typical univibrator used in the present work.

If it can be assured that all input pulses fall in an amplitude
range from two to ten times threshold, dead time is significantly reduced.
On the other hand, if the first pulse of an input pair is 100 times thres-
hold and the second pulse 10% above threshold, dead time is about 30%
greater than the 14X factor noted above. The pulse width for these uni-
vibrators is ~ 1k nsec/uH for a wide span of inductance values, while the
amplitude of the output pulse is constant for constant input amplitude for
all values of the inductance above about 0.3 pH. In this, as in most re-
generative devices, there is an amplitude-dependent time delay or "walk"
between the time the signal reaches the minimum triggering level and the
time the discriminator fires. The delay is a function of the time required

to charge the tunnel diode and stray capacitances, the pulse rise time,






and the percent of overdrive or pulse amplitude above threshold. The sig=-
nal pulse rise time must be fast, not only to reduce the delay time but
also because a shunt current path exists through the inductance L. The
variation of delay time with input pulse amplitude is shown in Fig. 4,
where the data are for a square input pulse with a rise time of less than
1 nsec and a duration of %5 nsec. The delay time decreases by about 4.5
nsec as the input pulse amplitude ranges from the half-fire threshold

(100 mV) to 120 times threshold (12 V). The delay time was measured as the
time between the 100-mV level of the driving pulse and the 100-mV level

of the logic output. The walk from twice threshold to 120 times threshold

is ~ 2.5 nsec.

Other parameters of the discriminator modules are also adversely af-
fected by input pulse amplitude, in particular the amplitude and width of
the logic output pulse. As Fig. 5 shows, a factor of 120 increase in input
pulse amplitude increased the output pulse width about 2.6 nsec or roughly
57%, while the amplitude of the output pulse increased 20% over the same

range of input pulse amplitude.

Tn order to examine the behavior of the slow-recovery discriminator
module as a function of temperature, a single module having resistors and
capacitors temperature stable to 50 ppm/°C was constructed. A measure of
the difficulty in actually achieving the goal of temperature stability can
be obtained from Figs. 6 and 7. Figure 6 shows the variation in the
normalized peak current as a function of temperature for five germanium
and five gallium arsenide diodes, while Fig. 7 shows the variation in the
normalized peak voltage for the same ten diodes. Of the diodes tested,
it appears that the gallium arsenide tunnel diode type TD-17% is the most
nearly stable with temperature. However, individual TD-17%'s show con-
siderable variation. Figure 8 shows tests of a single univibrator during
which three TD-173's were interchanged. The curves for 69J and 89K have
roughly the same shape and the threshold level decreases with increasing
temperature, but in the case of diode No. 2K the threshold level steadily
increases with temperature until approximate room temperature is reached,

then drops slightly as the temperature is raised to ~ 50°C.
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Other basic parameters of the TD-173's tested also vary consider-
ably among individual diodes. Figure 9 shows the variations in peak cur-
rent as a function of temperature for the various diodes tested in a single
univibrator. In this figure all data have been normalized to unity at 25°C.
They show a difference depending on the individual diodes of from +5% to

-3.2% at 0°C, and a difference of from -0.6% to -2.4% at 50°C.

Peak voltage as a function of temperature also varies widely between
individual diodes of the same type, used in the same univibrator. Diode
No. 69J, which produced the smallest shift in peak current with temperature,
shows the greatest variation of peak voltage as shown in Fig. 10. It is
clear from the evidence of these tests that the key to successful operation
of modules employing these devices at present lies in individual testing

and temperature compensation of the three diodes in each module.*

The voltage-current characteristic curve for the TD-173 diodes used
in the above tests can be closely approximated in the region of its peak

by a parabola of the form

te i s'_v'_vz
P Vp
where
1 = current in the diode,
v = voltage across the diode,
Ip = the peak current,
Vb = the peak voltage.

The d-c analysis of the univibrator, using the approximation given
above to represent the diode, was performed to discover the shift of the

d-c operating point with changes in Ip and Vb. Measured changes in I

*Note added in proof: Temperature-stable gallium arsenide and germanium
diodes are reportedly now available, but the authors have not had the
opportunity of testing them.
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and V? with temperature were used as input to predict the change in thres-
hold level with temperature. For all three of the experimental diodes
discussed above the direction of threshold change (increase or decrease)
with temperature was correctly predicted, but the magnitude of the shift
was always incorrect. The results lead to the surmise that the accuracy
of the methods used to measure AIP and AV? s a function of temperature is
inadequate, and to the suggestion that the possibility of a change in the
a-c impedance of a tunnel diode with temperature should be investigated.

Studies of the latter type are presently projected.

Figure 11 shows the variation of the half-fire threshold level with
temperature for a discriminator module constructed of standard components
(carbon resistors and non-temperature-stabilized ceramic capacitors). Over
the range from O to lEOoF, the half-fire threshold voltage decreases in a
roughly linear fashion from 154.8 to 95.8 mV, about 37%%. Since in a prac-
tical sense temperature stability of the threshold level would be a very
desirable attribute, the stability of the threshold was further studied
by means of the module shown in Fig. 12. Because the method used to couple
the output pulse of the discriminator diode to the other two univibrators
influences the variation of the threshold, the alternative couplings shown
in the figure were provided and tested. As Fig. 13 shows, the best
temperature stability was achieved by diode coupling networks d and e
(Fig. 12) to both the logic and the scaler-driver univibrators. This re-
sult, however, only applies when a particular set of diodes is used, and
as Fig. 14 demonstrates, other sets of tunnel diodes can give different
threshold level temperature coefficients. Interchanging the positions
of the three diodes of a set can cause gross changes in the threshold
level as a function of temperature, as is shown in Fig. 15. The results
shown reinforce the conclusion that stable operation of the discriminator
module can only be achieved by repetitious selection and testing of diodes

until a suitable set is found.

The delay or walk associated with the half-fire point or threshold
of a typical module appears essentially unaffected by temperature as shown

by Fig. 16.
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Although, as noted above, the pulse amplitude required to produce
half-fire varies with temperature, the delay time after which the output

occurs 1s constant if the pulse amplitude is adjusted to produce half-fire.

The effect of temperature variations upon the logic output of a non-
temperature-stabilized slow-recovery discriminator is shown in the three
parts of Fig. 17. As the temperature is increased from O to 120°F, the
full width of the pulse at half meximum increases by roughly 57@ its
amplitude increases by less than 6%, and the delay or walk assoclated
with the pulse decreases by about 0.8 nsec. It is possible that the major
portion of each of these variations is due to a changes in the threshold
level, since the constant input amplitude of 200 mV used during these

tests represents an overdrive factor of 2 at 120°F.

2.2, Fast-Recovery Discriminator Module

In many experiments the pulse-pair resolution given by the discrimi-
nator described above is inadequate. Although in principle the resolution
i1s governed by the values of the loading resistor, RL’ and the inductance,
L, in practice neither can be changed to improve the resolution signifi-
cantly. Increases in RL produce instability, while meking L too small
( < 0.3 uH) not only reduces the amplitude of the output pulse but degrades
sensitivity, especially to slowly rising pulses. "Nonlinear biasing, "
the substitution of a nonlinear load for the linear load RL of Fig. 1,
is, however, an excellent solution to the problem of improving resolution.
Several slightly different nonlinear biasing elements have been proposed.
The suggestions include common-base transistors,lo’ll tunnel rectifiers
("pback" diodes),12 germanium high-conductance diodes,13 and tunnel-diode
resistors® All of these elements operate in a "clamping'" mode once the

tunnel diode has switched over its peak.

10. J. Amodei and W. F. Kosonocky, RCA Rev. 22, 669 (1961).

11. V. Radeka, Nucl. Instr. Methods 22, 153 (1962).

12. R. H. Bergman, M. Coopermen, and H. Ur, RCA Rev. 23, 152 (1962).
13. A. L. Whetstone, Rev. Sci. Instr. 34, 412 (1963).
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A number of these nonlinear "clamps' were tested by operation in a
high-speed wnivibrator. Tested were a 2N9T76 germanium transistor connected
as a diode (collector and base connected together), a BD-503 gallium
arsenide back diode, a Q3-100T germanium diode, an MA-4121 silicon diode,
and common-base transistors (2N976 and 2N955). Figure 18 shows the charac-
teristic current vs. voltage curves of the 2N976, BD-503%, Q3-100T, and
MA-L1121 elements. The characteristic curve of the 2N9T6, with its flat
plateau, sharp shoulder, and nearly vertical descent most nearly approaches
the ideal behavior for a nonlinear biasing application, and since the 2NOT6
also met specifications of economy, dependability, and simplicity of
utilization, it was chosen for nearly exclusive use. A diagram of a

typical high-speed discriminator module is shown in Fig. 19.

Nonlinear biasing is compared with linear biasing in Fig. 20, where
the biased element is a 10 mA gallium-arsenide tunnel diode. It is ap-
parent that the 2N9T6 clamp has a comparatively high resistance for all
low-voltage tunnel diode bias states and for the time when the tunnel diode
is switching over the peak, and less resistance than the linear load after
switching. Thus the transistor clamp is a high-impedance shunt path before
and during switching and therefore the univibrator requires much less
input current, meking it more sensitive to slow rise-time and d-c inputs.
Since the voltage across the inductance, VL’ is much larger than it is
with the linear load, the time required for recovery to the original bias
point is much less with the transistor load, and because of the more
nearly ideal switching characteristics of the transistor, the recovery
time is more clearly defined. When the univibrator is in its high-voltage
state, where VL is much smaller for the nonlinear load, the recovery time
and therefore the output pulse width 1s longer for a given value of L;
thus the nonlinear load provides faster recovery for a wider pulse. The
sensitivity achieved for weak triggering pulses, however, is about one-
fourth that of the slow discriminator (see table at end of this section).
This disparity has been reportedls to disappear when the value of L is
raised above 0.5 uH. The difference in sensitivity is reduced to a factor

of 2 by the use of high-beta 2N9T76 transistors.

Since the nonlinear load results in recovery times shorter than 10

nsec, care must be exercised to ensure that broad input pulses, especially
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from overloads, do not induce multiple pulsing. In the circuit shown in
Fig. 19, the termination of the 125-Q input by the 2:4 ratio transformer
reduces such multiple pulsing, but at some sacrifice in sensitivity. The
low-frequency response of the transformer is insufficient to couple the

slower components of the input pulses.

Some aspects of the variation in the response of the fast-
discriminator module with temperature have been examined. The half-fire
threshold as a function of temperature is shown in Fig. 21. The drop in
threshold level is about 100 mV, in comparison with the 58 mV of the slow
discriminator. Recalling, however, the strong dependence of the threshold
level upon the individual diode characteristics, it 1s reasonable to expect
that much or all of the difference between 100 and 58 nV is due to param-

eter differences between diodes.

As was true for the slower module, the delay or walk for the fast-
recovery discriminator does not appear to be a function of temperature as
shown in Fig. 22. For these data the input was adjusted to produce half-

fire at each temperature.

The logic output pulse amplitude of a typical fast-recovery discrimi-
nator as a function of temperature is shown in Fig. 2%. Over the 120°F
range the pulse amplitude decreases by about ll%, when measured with the

coupling diode, BD2, in series.

The effects produced at the logic output of the fast-recovery
discriminator due to an increase in the input pulse amplitude are shown in
Fig. 24k. The total delay change for inputs 1.25 times threshold (500 mV)
to 15 times threshold (6 V) is 2.9 nsec, while over the range from 2 to 15
times threshold the total change is ~ 1 nsec. These times are comparable
to those obtained with the linearly loaded discriminator. The pulses
used in the comparison had rise times of < 1 nsec. The amplitude stability
with overdrive for the fast-recovery discriminator, however, is somewhat
poorer than that of the slower model, a result explained by the lower
values of coupling resistances used between wmivibrator stages in the fast
module. Output pulse width of the fast-recovery discriminator remains
essentially constant for input amplitudes of from 0.5 to b V, becoming

slightly broader for inputs of from 4 to 10 V.
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Performance data for the fast-recovery discriminator are tabulated
and compared with parallel data for the slow-recovery discriminator in

Table 1.

Table 1. Comparison of Performance Data: Slow-Recovery
Discriminator Module vs. Fast-Recovery
Discriminator Module*

Slow=-Recovery Fast-Recovery
Discriminator Discriminator

Input Pulse Data

Threshold:
Amplitude (mV) 50 120
Amplitude Shift with
Temperature (mV/°F) - 0.5 - 0.8%
Width (nsec):
L= 0.3%3%puH .2 4.6
L= 0.27 uH 3.8
Width (nsec/uH) ~ 13 ~ 14
Pulse-Pair Resolution (nsec):
Input Amplitude 1.10X Threshold 55 15
Tnput Amplitude 2X Threshold Wy 12
Input Amplitude 3X Threshold %9 10

Qutput Pulse Data

Delay Change with Input Amplitude
Change (nsec)

Threshold to 120X Threshold h.5

2X Threshold to 120X Threshold ~ 2.5

1.25 Threshold to 15X Threshold ~ 3,0 2.9

2X Threshold to 15X Threshold ~ 1.7 ~ 1.0
Width Change with Input Amplitude
Change (nsec)

Threshold to 120X Threshold 2.6

1.2% Threshold to 20X Threshold ~ 1.0 ~ 1.0
Amplitude Change with Input
Amplitude Change (%)

Threshold to 120X Threshold 20

1.2% Threshold to 20X Threshold ~ 7.5 27
Width Change with Temperature (%)

0-120°F + 5 - 1.5
Amplitude Change with
Temperature (%)

0-120°F + 6 - 11

*This is essentially a recapitulation of data previously given in the
text, made for purposes of convenient comparison.
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3. Coincidence and Anticoincidence Modules

3,1. Slow=-Recovery Coincidence Module

A circuit diagram of a slow-recovery coincidence module employing
tunnel diode univibrators is shown in Fig. 25. Standardized pulses from
each of three discriminators are added linearly at the input univibrator,
which can be biased to trigger on a single pulse, on any two of three
pulses, or on all three input pulses in coincidence. The three 50-Q inputs
are terminated by the 1:3 transformers, which also provide d-c isolation
between modules. Since the input pulses from the discriminator are essen-
tially triangular, the coincidence resolving time can be varied over sever-
al nsec (by the d-c bias adjustments shown) without single-pulse feed-
through. Typical delayed-coincidence edges for pulses from a pulse

generator are 0.1 nsec wide or less.

The behavior of this module with temperature is summarized in Table

2, which shows the results from temperature-cycling a dual input circuit.

Table 2. Response of Slow-Coincidence Module
at Various Temperatures

Half-Fire Point (nsec)

Temperature Lower Pulse Upper Pulse Resolution

(°F) Edge Edge (nsec)
20 12.35 19.12 6.77
40 12.57 19.30 6.73
60 12.69 19.45 6.76
80 12.81 19.70 6.89
100 12.9% 19.95 7.02
120 13.07 20.15 7.08

For a change in temperature from 20 to 120°F the variation in resolution

is about 4%, while the change in edge timing is about 1 nsec.
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3.2. Past-Recovery Coincidence Module

A circuit diagram of a fast-recovery coincidence module is shown in
Fig. 26. As a comparison with Fig. 25 shows, the basic difference between
the fast and slow modules is the use of nonlinear biasing (2N976). The
fast-recovery coincidence module with a 2-nsec resolving time is capable
of pulse~pair resolution of 10 nsec and has been so operated in accelerator

proton beams with coincidence efficiencies in excess of 99%.

3.%. Anticoincidence Module

A circuit diagram of an anticoincidence module is shown in Fig. 27.
The anticoincidence function is performed by a typical discriminator which
feeds a modified scaler-driver module. The width of the scaler-driver
pulse is accurately controlled by a 93~ shorted delay line. Two 1lO-nsec
4L-V pulses with L-nsec edges can be produced by this combination of modules
within a period of 30 nsec, a resolution which is more than adequate for
the resolution requirements ( < 4O nsec) of the experiments in which it
is employed. The nonlinear biasing of the tunnel-diode univibrators in
positions 1 and 2 permits the use of long-duration anticoincidence pulses
without loss of sensitivity to the d-c portions of the pulse. In addition,
the slight decrease in sensitivity to the fast edges of a pulse for this
method of blasing helps to prevent the diodes from triggering on the back

edge of the anticoincidence pulse.

4, Scaler-Driver Modules

At each logic step in the modules described above, a tunnel diode
fanout output is provided for counting purposes. The nominal 1-V pulse
of the gallium-arsenide tunnel diodes when used with an isolated coupling
diode was insufficient for the reliable operation of commercially avail-
able scalers. For this reason, and to meet the requirement of < Lo-nsec
resolution, several scaler-driver modules were designed to drive scalers

from either positive or negative tunnel-diode pulses.

4,1. Positive- and Negative-Output Scaler Drivers

The positive-output scaler driver, diagrammed in Fig. 28, delivers

a 4-V pulse with U-nsec edges into a 125-Q load; the negative-output
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scaler driver, shown in Fig. 29, a L-V pulse with 7-nsec edges into a
125-0 load. Both have been operated with delay lines for accurate and
stable output widths ranging from 10 to 90 nsec for use in logic functions
such as those of the coincidence and anticoincidence modules. More com-
monly, however, the output-pulse widths have been controlled by the col-
lector time constant in the trigger pair (see Figs. 28 and 29). The
behavior of both positive- and negative-output scaler drivers with tempera-
ture is dependent upon the required output pulse width. For the positive-
output driver operating without delay line width control, a temperature
variation of 120°F produced a pulse widening of 19 nsec (0.16 nsec/°F) for
a 60-nsec width at 75°F, and an amplitude increase of 2%. For a L90-nsec
width at 75°F, the 120°F variation resulted in a widening of 53 nsec

(0.44 nsec/°F) and an amplitude increase of 3.%%. The delay change over
120°F was 2.3 nsec, of which 0.3 nsec was due to discriminator walk. With
delay line input the width change was 0.75 nsec over a 122°F range, for a

17-nsec width at 75°F, and the amplitude change was 2%.

The negative-output scaler driver without delay line width control
showed a 13-nsec (0.1l nsec/°F) widening for a 50-nsec width at 75°F and
a 120°F change, with an amplitude increase of ~ 7%. For a 460-nsec width
at 75°F the widening was 92 nsec (0.77 nsec/°F) and the amplitude in-
crease was ~ 7%. The delay change was 2.6 nsec, with 0.3 nsec due to
discriminator walk. With delay line width control the result for a 122°F
variation was a 1l.0-nsec increase in width for an 18-nsec width at 75°F,
and an amplitude change of 2.&%. At temperatures greater than 100°F a

very slight negative slope appeared on the peak of the waveform.

Since more precise widths and amplitudes of the output pulses were
not required, no attempt was made to provide additional temperature com-

pensation for either scaler driver.

For both scaler drivers, with and without delay lines, the change
in delay or walk with overdrive was observed to be dependent only on

walk in the discriminator furnishing the input.

4.2, 100-Mc Scaler Driver

The resolution demands ( ~ 10 nsec) of some of the experiments

proposed could not be met with the scaler-driver modules described above.
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To satisfy these needs the circuit shown in Fig. 30 was designed. It is
capable, in conjunction with the nonlinearly loaded univibrators described
earlier, of pulse gquintuplicate resolution with 10-nsec spacing at a pulse
train rate of 50 ke into a 50-Q resistance, delivering a 5.5=V, h-nsec-

wide pulse.

The behavior of the 100-Mc scaler driver with temperature is shown
in Fig. 31. As the figure shows, over a 90°F range in temperature, from
30 to 120°F, pulse width increases ~ 19%, pulse amplitude ~ 20%, and pulse

rise time ~ %7%.

5. Scaler Modifications

In order to satisfy the resolution requirement for the counting
equipment ( < 40 nsec), it was necessary to modify the input gate, limiter,
and pulse shapers of the scalers14 used in these experiments. The modifi-
cations are shown in the circuit diagram of Fig. %2. When this circuit
is used with input A, the scaler has a pulse-palr resolution of less than
40 nsec for input pulses with widths ranging from 6 to 20 nsec and rise
times ranging from 2 to 8 nsec. For a 15-nsec-wide pulse of either
polarity the required input pulse amplitude is 1.5 V. A continuous count-
ing rate greater than 12 Mc is possible, and pulse amplitudes in excess
of 20 V can be tolerated and gated out. This circuit, however, does not
respond to pulses having rise times slower than 1.5 usec; therefore input
B was developed. Using input B the circuitry is capable of a pulse-pair
resolution of less than 35 nsec for input pulses which have widths rang-
ing from 6 to 20 nsec and rise times ranging from 2 to 8 nsec. Input B
also allows operation in excess of 12 Mc and premits scaling sine-wave
inputs well below 60 cps. (Amplitude requirements to scale sine waves

down to 17 cps are less than 2.5 V/peak.)

6. Power Supply Regulation

Power supply fluctuations strongly affect timing and thresholds of
the modules which have been described above. For the single test univi-
brator discussed in the early pages of this report, a change in the power-
supply voltage produces a change in the threshold level, the change being
a function of the threshold level. For example, if the threshold level is

14, Computer Measurements Corp. Model No. 1217A.
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at 100 puA of input current, a O.l% increase in the power supply voltage
lowers the threshold level by 2.5%. If the threshold is at 600 pA, however,
a O.l% increase in the power supply voltage lowers the threshold level by

only 0.9%.

When the univibrators are combined in modules the effects of power
fluctuations are intensified. A slow-recovery discriminator whose thres-
hold is ~ 0.4 mA with a power supply of 12 V has its threshold changed by
~ +0.05 mA by a power supply change of i;%. This change of threshold
represents a ilE% change in drive requirements to the discriminator, and
represents considerable walk when the discriminator is operating with
inputs at or near threshold. For an input pulse having a rise time of
< 1 nsec and an amplitude of several times threshold, the walk as seen
at the logic output of a slow-recovery discriminator was ~ 0.1 nsec for a
il% power-supply voltage variation, with both tunnel diodes biased within
0.5 mA of their peak current point. When the logic output diode alone
was adjusted to require a 2- to 3-mA drive, the il% power-supply voltage

variation caused a ~ 1.0-nsec change in output timing.

Because of the circuit's sensitivity to the trailing edge of the
anticoincidence pulse, the numbers 1 and 2 diodes of the circult shown in
Fig. 27 must operate at biases of from 1 to 2 mA below their peak current
point. Thus a il% shift in power-supply voltage produces a ~ 0.6 nsec

change in output timing for this module.

Since these tunnel-diode modules are generally used in logic
systems which form long series chains, the time shifts due to a il%
power variation are accumulative, amounting to 5.0 nsec for a typical
logic system consisting of one discriminator and coincildence module and
three anticoincidence modules. In view of the above, it is concluded that
the power supply for the modules discussed in this report should be
regulated to iQ.Ol% for both line and load and be permitted a variation
with temperature of not more than iQ.Ol%/°C. Ripple and noise should be
less than 1 mV rms, particularly for the discriminators having 2-mV

sensitivity.
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Appendix A. Construction Details

Generally the modules are constructed of double-sized printed circuit
boards. After fabrication the 3-mil-thick copper ¢ladding is gold-plated
to a thickness of 0.1 mil or less, protecting the copper and permitting
operation at frequencies in excess of 1 kMc without skin effect losses in
the goldl In most cases the dielectric material is epoxy-filled fibre

glass having a dielectric constant of from 4.7 to 5. .’[f'

Signal paths, particularly for the faster electronics, have been
made as double-sided strips with widths of 5/52 in. or greater, thus
minimizing inductive effects. Double-sided copper ground sheets are fixed
on both sides of the signal paths, providing isolation and an lmpedance
close to the 50-Q impedance associated with the cable used to intercomnect
the modules. No copper is unnecessarily etched from the boards and layouts
are so made as to maintain continuous ground sheets. The sides of both
signal paths and ground sheets are riveted together at regular intervals

to prevent the formation of spurious signals.

The copper grounds and signal paths form the male half of the cormec-
tion to a Viking 2VH6/1AN8 printed circuit connector, which was found to
have low VSWR when used as a 50-0Q connection. Contact is made on both sides
of the plug-in, reducing contact resistance and providing reasonable trans-
mission lines for signals in 50 Q. All panel coaxial connections are
continued by coaxial cable to the connectors, thus effecting signal grounds
at the most suitable points and maintaining equal signal delays for coin-

cldence circuitry.

Direct-current power is supplied to the modules through ceramic
feedthrough capacitors mounted on gold-plated copper bus bars, which in
turn are mounted at the rear of the plug=-in connectors. The bus bars serve
as "dirty" grounds for bypassing power supply noise. Additional bypassing
is accomplished on the modules themselves through the use of 2.2-uF, 25-Vv
ceramic capacltors mounted at the point which is to be bypassed. For tun-
nel diode circuits the length of the leads of such capacitors is limited

to less than l/ﬁ in. All ground returns which carry signals, including
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the bypass capacitors just mentloned, are grounded at a common point on the
ground sheet. From this point a "clean" bus bar returns the ground to the

power supplies.

Tndividual modules are mounted in the horizontal plane, edge to
edge. This method minimizes stray coupling from module to module and

permits easy inspection and servicing.
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