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ABSTRACT

ProjJect 7.1.4 Small Boy of Operation Sunbeam was conducted to
obtain data on the transient response ot typical ballistic
missile guidance and control systems to the prompt gamma pulse
from a nuclear weapon. Self-reading instrumentation was install-
ed at four stations, ecorresponding to four decades of gamma
radiation intensity, to determine whether the output translents
in these circults exceeded preset threshcld levels durlng the
test. Additlonal diagnostic Instrumentation was provided at one
location to obtain pilse shape information on the clrcults, gamma
dose rate time history, and analog data on circults which exhiblt-
ed long recovery times. Extensive pre-and post-shot laboratory
experiments were performed to determlne response dynamlic ranges
and to ascertain the validity of simulation testing for oredict-
ing circult response in an actual weapon environment.

The results of the Small Boy experiment on the five guldance and
control circults and the failure criteria (as established by the
manufacturers) are:

Trase results indicate that fleld test data are conslstent with
the combined experimental and theoretical predictions. The
extensive pre-and post-laboratory simulation testing conducted
by Northrop Ventura, and the circult response predictions per-
formed by both Boelng and Hughes have supported the validity of
the fleld test results.

O LIRS L e e o
O LRI S s DD MR
tg e at s e Oty Ly ':-".\}"-"' A

o I T i Ve ey
- - - . - .~ - . - . - - - . - . . - . - - -t - ~ - o

L s us b e B e o ‘,—p_"-,rs'_"-"*
LR o 9 g




| ot AN AN gV AP S (ML S Al G in € Minth 2hn g saad s 2en Y o -
ST R Sl Mat AR A S SR S S f 4o IR A RCAA AL D A" A% Se RN A e vis 2 SR OL TR S R R e Rl DT TR

......... =
L

v

] o0k

5

way

. PREFACE
o This report was prepared by Northrop Corporation, Northrop

W& Ventura Division, under Air Force Special Weapons Center con-
. tract AF 29(601)-5214, “Operation Sun Beam, Shot Small Boy,

b Project 7.1.4, Transient Radiation Effects Measurements—juid-
ance System Circuits (U)”. The principal contractor personnel who

conducted and/or reported the work described herein were:
D. A. Hicks, W. E. Crandall, T. M. Hallman, M. S. George,
R. G. 3aelens, J. Raymond, A. A. 0'Dell, L. Malcolm, D. welch

i and W. Parker.

ﬁf The AFSWC Project Officer from February 196 through August 1962
Q3 was Capt. Donald C. Glenn, USAF, and from September 1962 through
s completion was TSgt. Paul J. Sykes, Jr., USAF, both of the

" Physics Division, Research Directorate. The Ballistic Systems

'{: Division ProJect Officer was Capt. Kerneth L. Gllbert, UZAF,
Special Projects Office, TCirectorate of Guldance and Control.

The contract was formally initiated on 12 March 1962. The Small
Boy event took place on 14 July 1962 at the Nevada Test Site.
The Project Officers Interim Report, POIR-2239, was published
in November 1962, Research terminated on 5 March 1963 with the

submission of this final report. nens
Acknowledgement is made of the cooperation and assistance by the Eii

following personnel and companies who provided expert advice and/ NN
or test sample circults to the program: W. H. Duerig and Paul g,
Glanas, Kearfott Division, General Precision, Inc.; W. Birnbaum, }§¢3$}}%j

Max Lawrence and Murray Liss, ARMA Division, American Bosch ARMA SN
Corporation; W. A. Bohan and S. Sedore, Space Guidance Center, AN
Federal Systems Division, International Business Machines
Corporation; T. D. Hanscome and J. E., Bell, Ground Systems Group,
dughes Aircraft Company; W. D. Miller, Remingtor Rand-Univac
Division, Sperry Rand Corporation. Particular recogrition is
due Dr. G, L. Keister and his staff of the Nuclear and Space
Physics Department, Aero-Space Division, The Boeing lompanj;;
Mr. J. E. Bell and his staff of the Nucleonics Department,
Ground Systems Group, Hughes Alrcraft Company; and to Ir. V. A.

J. Van Lint of the John Jay Hopkins Laboratory, General Atomic
Division of General Dynamics Corporation, for their independ-
ently-conducted laboratory pulsed-radiation tests and response-
predictive analyses of the test circults exposed by Northrop
Ventura at the Small Boy event. Test results, clrcult analyses
and discussions provided by those personnel to the Northrop
Ventura staff were invaluable in interpreting and correlating the
gield results and in producing this final Project Officers

eport.
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CHAPTER 1
INTRODUCTION

1.1 OBJECTIVE

The obJjective of this project was to determine the response of
typical guidance and control circuits to transients induced by
the prompt nuclear radiation pulse from a nuclear detonation.

A second obJective was to measure and correlate circult responses
to the weapon prompt gamma pulse with those obtained using lab-
oratory pulse radiation facilities (flash X-rays, linacs and
pulse reactors).

1.2 BACKGROUND

This experimental project was initiated because the Alr Force
Ballistic Systems Division required that all guidance systems
under development for ballistic systems must survjve the trans=
lents induced by a peak gamma rate of from a nuclear
weapon, The purpose of this project was to determine the thresh-
old of transient effects on basic electronic components and cir-
cults contained in typical ballistic missile systems. Threshold
data could then be correlated with circuilt transient analysis and
laboratory experimental programs.

A peak gamma dose rate of can be achieved with lab-
oratory devices such as flash X-ray systems, linear accelerators,
and pulsed reactors. However, these devices cannot simultaneous-
ly duplicate the entire time history and energy spectrum of the
prompt gamma weapon pulse. Until this program was initlated, no
detalled experimental data were available on the effects of actual
weapon nuclear radiation environments upon electr-nic¢ components
and circults.

The guidance system circuits and components selected for testing
under this project are contained in one or more of: the General
Precision/Kearfott stellar inertial guidance system control unit;
the General Motors-A/C Sparkplug guldance computer; the Remington
Rand/Univac thin film memory unit for the advanced Titan system;
and the GAR-2A and GAR-4A guidance and control systems. The se-
lected guidance systems can be operated from sea level to approxi-
mately 100,000 feet altitude. Performance of this experiment on the
earth's surface was valld because the prompt gamma pulse shape

in the region of the peak dose rate 1s not appreciably changed
by the presence ot the atmosphere.
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The Alr Force (through the Air Force Special Weapons Centen has
conducted a growing program to investigate and predict the effects
of pulse nuclear radiation on electronic systems and components.
Currently AFSWC has the followlng agencles under continulng con-
tract to investigate the problem: The Boeing Company, Hughes
Aircraft Company, General Atomic, and International Business Machines
Corporation (IBM). The investigations of these agencies are di-
rected at (1) understanding the basic mechanisms and phenomena of
these effects, (2) developing both analog and high-speed auto-
mated digital computer techniques to predict the pulse radiation , =
thresholds for vulnerabllity of electronic systems and components, ¥ i‘fﬁ
and (3) providing techniques for designing electronlc systems RIS AR
hardened against transient radiation effects. e

1.3 THEORY

Gamma or X-radiation 1ncldent on an
electronic circult produces excess charge carriers in circult
components and in the surroundling medla. The main processes are
due to the Compton and photcelectric effects, which produce ener-
getlc secondary electrons in and around the irradiated material.
Some of the energetic secondaries escape from the irradlated
device and in turn some of the energetic secondaries produced in
the surrounding media are incident on the device. Thus, the net
carrier injection in an irradlated material is the sum of these

processes.

S " .
-----

The effectiveness (atomic cross section) of the Compton process
1s a broadly peaked function of photon energy (with its maximum
at about 500 kev) and is a linear function of the atomic number

" of the absorber. The effectiveness of the photoelectric process
changes inversely as the photon energy (to some power greater
than unity) and increases approximately as the fifth power of the
atomic number of the absorber. Thus, the overall photoelectric
energy transfer from the photons to the material 1s greatest at
low energies and in materials with large atomlc number.

Competing with the charge carrier production are the processes
of recombination, trapping, and removal at electrodes connected
to the component irradiated. If the inJectlon occurs in a time
short compared with the times characteristic of these removal

processes, the device will in general exhibit a response pro- .
portional to the dose delivered during the injection pulse. If X
the injectlion occurs over a time span long compared with the =
characteristic removal times, the device will achieve a dynamic B
equlilibrium condition, with conductivity increased by an amount
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proportional to radlation rate and inversely proportional to
carrier removal rate. The responses of devices in cases inter-
medlate to these extremes will depend markedly on the detalled
time history ot the injecting pulse of radiation, as well as on
the characteristics of the particular device. Obviously, these
cases are over-simplifications for any real device, but are often
useful criteria for classifying responses as "dose" or "dose-rate"
dependent in the extreme cases. The combined phenomena are prop-
erly termed photoconductivity.

Although capacitors, resistors, vacuum tubes, cables, and other
electrcenic components are affected by gamma irradiation, the
largest translent effects generally occur in semiconductor de-
vices,

Most dielectric materials have low atomic number, and the carriler
mobilities are low, so that photocurrents per urit dose rate are
quite small. Nevertheless, the relative changes in ccnductivity
may be large and may persist for long times because of trapping
and polarization. Effects in resistor materials and metals are
not as comparably important because of the very short recombina-
tion times and large initial carrier densities, even though in-
Jection efficiency and carrier mobllity are large. Shunt leak-
age paths are probably the most important factor for large value
resistors. In semiconductor materials, on the other hand, carrier
injection 1s efficlent, carrier mobllities are large, and recom-
binatlion 1s relatively slow. Small minority carrier density
changes may produce large changes in the operation of dlodes and
transistors, and trapping of majority carriers are not allow-

ed to flow off through a low-impedance external clrcult.

Although the ex-hange of energetlc secondary electrons with the
surroundings was mentioned above as part of the inJjection process,
it should be noted that this is an especlally difficult part of
the radlation problem to analyze since it depends 1n a complex
manner on environment, sample size, and geometry, as well as on
the nature of the incident radiation. It 1s probable that the
mailn effects 1n vacuumn tubes are due to secondary emilsslon cur-
rents.

Neutrons produce permanent changes in electrical and mechanilcal
properties of materials as well as causing ionization, although
the latter 1s appreciable only in materials with low atomic num-
ber. 8Since the main concern in this project was wilth effects of
garmma radlation, neutron effects will not be discussed here ex-
ceft to note that reductlon of the integrated flux to less than
1011 nvt by proper shielding should prevent significant perma-
nent damage to most, i1f not all, electronic components.
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1.4 DESIGN OF EXPERIMENT

‘. Y
o aonCT

) Assuming a (fission) device detonated 10 feet above
- ground, circult test locations were selected for dose rates of
N approximately However, Small Boy was
e later changed, atter the instrumentation pads were installed, to
e a device of approximately ylield. New

estimates of the fiuclear environment predicted at the station
locations were obtained from Major Byron H. Shields, Program

7 Directnr. and were based on Los Alamos Scientific Laboratory (LASL) predictions
for the device as calculated by the Biophysics Division of the Research Direc-

_: torate, AFSWC.

The burst was treated as a surface detonation for both blast
and thermal calculatlions, since the burst was only ten feet
above groun< level. In Reference 1l 1t was estimated that the
total therual 12adlatlon could be calculated from the following

»
.
:..
.
o
"
v

"
b

equation:
qQ - 2.6 101lcal/kt x yleld in kt 1.1)
1.168 x 10% cm2/rt2 x R2
Q =
Where: Q = thermal exposure, cal/sec

The timesof alr shock arrival and peak overpressure versus dis-
tance were derived by Sachs scaling of the surface burst curves
iven 1in Reference 2 to a yleld of and to an altitude of

200 feet (NASA standard atmosphere).

Estimates of the electric and magnetic flelds used in subse-
quent calculations in this Chapter are taken from Reference 3.

For a nuclear weapon, the radius of the ionized region,a, produc-
ing the electromagnetic pulse was estimated from the relation

-

1 4

\.\,;: .':

g \:‘:‘\.:-

W = 4.55 x 1072 a exp {25 @-exp (-O.l?Sha_ﬂ 1.2) “.«E

RS

Where: W o= yleld Mt SESeS
a = effective radius, kilometers. :

For the Small Boy event, a was approximately

feet. At distances less than it was expected that
there might be large electric tields of
sufficlent size to produce electrical breakdown in The ionized
ailr. The electric flelds for distances outside this region
were estimated from the following equations:
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¢ Where: i -
Epax = peak electric field, volts/meter
a = effective radiug)feet

distance, feet

Low-frequency magnetic fields could not be predicted reliably.
The maximum value for the high-frequency horizontal component

was estimated from the equation:

.43
100 W exp. (-2.5R)° 1.4)
( R B i

R

Hy =
Where: -

Hd - horizontal component, oersteds

R = distance, kilometers

yield, Mt

The maximum rate of change of the magrnetic fleld was estimated
from the relationship:

W

dH 6
SMex - 10° Hpax (1.5)

magnetic field

Hmax
t = time, seconds

estimated using TM-23-200 (Reference 4). The

Fallout doses were
rode's report (Reference

ground shock parameters were taken from B

5) on protective construction.

Table 1.1 summarizes the predicted environment at each station

location.

The blooper and diagnostic stations on this equipment were
weapon environments such as

designed to reduce all associated
thermal, blast and EMP, to below damage-threshold levels for the

circults and instrumentation involved.

Thin aluminum fallout covers were installed at each pad to mini-
mize contamination of the package between H-hour and recovery
time. Each diagnostic and blooper package was placed in a 1/4-
inch-thick steel box to prevent damage from blast and over-
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pressure and minimize EMP effects.

The instrumentation sections of each package were shlelded with
lead and borated polyethylene to reduce the neutron and gamma
flux below threshold levels as discussed in Section 2.3.1.

1.5 ELECTROMAGNETIC SHIELDING

Although precise methods for designing and evaluating the effec-
tiveness of shielding configurations for a transient incident
electromagnetic wave are not avallable, it 1s possible to Justify
the reliance on a simple, closed, conducting box for electromag-
netic shlelding of the test specimens in nuclear device environments
of the type considered here. The high-frequency components,
both magnetic and electric, are effectively shielded out by a
conducting box because the penetration depth (skin depth) is
small compared to the wall thickness of the box. In fact, for

an iron box Y} inch thick, . the penetration 1s small

for all frequencies above the audlo-frequency range. Electric
field components at frequencies below this range also should not
penetrate (an application of Gauss's theorem); this 1s especil-
ally important in the present case because of the large electric-
field values predicted. Very low frequency magnetic fields will
not be excluded by a box of the type mentioned above. However,
the predicted values for such low-frequency components of magnetic
field are small, and as long as no devices especlally sensitive
to magnetic fields are used, these field components should not
cause any difficulty.

18 page 19 deleted.
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b

PROCEDURE

s

2.1 TEST SPECIMENS

2.1.1 Guidance and Control Circuits. The five guidance and control circuits
selected by the AFSC Ballistic Systems Division for Project 7.1.4 were:

=i
A

= a. IBM Logic Circuit. Used ir the General Motors/A.C.
P guldance computur,
s b. Transistor Pre-Pre-Amriifier. Used in the General

Preclslon/Keariott gtellar-inertlal guldance unit.

¢, Diode Decector Circult. Typlical of circuits used in
tne GAR-ZA and GAR-<A.

d. Azimuth Network . Used feor control loop
compensatIon In the General Precision/Kearfott stellar-
inertial guidance unit.

e. Minilature Flip-Flop. An American-Bosch-Arma design
used 1In tne General Precision/Kearfott guldance
computer,

In addition to these filve circults a Remington Rand-Univac Thin
¥Film Memory Unit was exposed to a dose rate of approximately

2.1.2 Remlington Rand-Univac Thin Film Memory Unit, A Remington
Rand-Unlvac self-contalned package contalning a thlin fllm memory
unit, with assoclated monitoring circuitry, was installed at the
4,800-foot pad. A similar memory unlt had greviously been tested in
laboratory simulation experiments, without effects. None of the
semiconductor circultry had been included in the previcous labora-
tory experiments. The package for the Small Boy experiment
included semiconductor circuitry, so that (1) the film memory
could br test=2d under actual weaprn environments for correlation
with labocratory results, and (2) the principles of circult design
for radiation hardening could be evaluated from the results of
the performance of the semliconductor c¢ircuitry.

The previous laboratory tests mentioned above on Destructive
Read Out (DRO) and Non-Destructive Read Out (NDRO) memory tapes,
were conducted at the Sandia Pulsed Reactor Facility (SPRF) and
at the Ground Test Reactor (GTR) of the USAF Nuclear Aerospace
Research Facility (NARF) maintained by General Dynamics/Fort
Worth at Fort Worth, Texas.
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2.1.3 Expected Clrcuit Response, Table 2,1 indicates the

locatlon of each test speclmen for the Small Boy event, Based

on test circult responses during pre-fleli test laboratory experi-

mentation, the expected circult response for the Small Boy nuclear
environment 1s given in Table 2.2. The pre-fleld test

experimentation 1s discussed in the Appendix.

2.2 INSTRUMENTATION

2.2.1 Blooper Stations, Fast pulse measurerent of the selected
guldance and control circuits on an economically feasible basis
required that speclal instrumentation be developed. The measure-
ment concept required a multichannel system, completely self-
contained, which could detect low-level voltage translents pro-
duced by pulse gamma radiation in the circults under test. A
permanent record of the transient was necessary because of the
access time limitations after the test., Voltage-level sensing
on a threshold basis was determined to be the most practical
method of detectlon. The threshold detection system would enable
a single channel to detect a transient whose amplltude was equal
to or greater than a preset level, or a multichannel arrange-
ment to bracket the transient amplitude within specified limits
(300 mv to 8.0v). To achieve uniform results the channel
sensitivity should be almost independent of pulse width.

The blooper channels were required to detect voltage transients
from test clrcuilts or components for which output impedances

can vary widely between different types. Therefore the first
stage of detection was designed to have a high impedance to
prevent loading on the test circuits, and a low-output 1impedance
to drive the following detection circults through a coaxial cable
without loss of fidellty. Since the system was battery powered,
emitter followers (Figure 2.1) were used for the low-qQutput
impedance test circultsyand cathode followers (Figure 2.2) were
used only for the high-impedance diode-detector test circuit,
Triaxlal cable was used between the test-clrcult outputs and
isolation-circuilt inputs, Because the conventional connection
of the triax caused unstable operation of the emitter followers,
the triax was used with the inner shield floating and connected
as a coaxial cable. This eliminated the emitter follower

stabillity problem,

To assure uniform channel sensitivity over a wide range of input
pulse widths, pulse-stretching circuits (Figure 2.3) were used.
These circults preserved the voltage level of the input pulse
while increasing the pulse width to a minimum of 10 y sec for
input pulses as narrow as 100 ns. The wlde-output pulse assured
dependable triggering of the threshold detectors. The schematlic
for the threshold detector is shown in Figure 2.4, When the
input pulse exceeded a preset level, regeneration occurred within
the comparator circult which turned on the dynaquad latching
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circuit. The dynaquad then blew the fuse., Fuse readout elements
were chosen because of thelr absolute irreversibility.

ln a typical blooper channel the minimum detectable pulse was
about 300 mv, with almost uniform response for pulse widths of
100 ns or greater., For a 50-ns pulse the sensitivity was typl-
cally lower by a factor of two,

Additional circultry was provided to insure proper sequencing of
power application and to protect the dynaquad fuse circults
against false slgnals after the shot. These are shown in Figures
2.5 and 2.6. The schematics for the Small Boy instrumentation
programmer and test circult programmer are shown in Flgures 2.7
and 2.8, The overall blooper instrumentation block diagram is
shown in Figure 2.9.

To provide some correlation of the Small Boy event data with data
obtained in the Little Feller II event, two blooper packages
(Figure 2.10) which had been exposed in the earlier Little
Feller I event were installed at the 5,700~ and 7,500-foot stations.
These packages were similar to the Small Boy packages, except
that the test specimens were individual transistors and diodes
rather than complete guldance and control circults, Special
¢ircults were deslgned around these transistors and diodes to
provide operating blases and impedance isolation. The circults
(Figures 2.11 and 2.12) were well-shielded and only the specific
transistor or dilode test specimen was exposed to significant
levels of prompt gamma radlation. These packages contalned only
six monitoring channels., The samples exposed to radiation in
these two packages were 2N2187-PNP silicon transistors, 2N705-
PNP germanium transistors, NS480 NPN silicon transistors,

1IN457 silicon diodes and NS382 silicon logilc diodes.

2.2.2 Remington Rand Experiment. The Remingt~n Rand-Unlvac
package 18 shown 1n rigures 2.13 and 2.14. The drive circuits
for the two memories (DRO and NDRO), the memorlies themselves,
the sense amplifiers, and a readout register were located above
ground in the radiation fleld. The timling circuits, clock and
control circults, address reglster and counter, error check
device, and a loglc matrix for controcl of the error check device
were located below ground 1n a magnetic-and radiation-shilelded
well. Design for the well and shielding was the same as that
used in-the blooper packages.

Error detection was accomplished by blowlng fuses connected to
appropriate test points, such as the outputs of tne current
generators, the diverters, the sense ampliflers, and the readout
register.

Each fuse blown corresponded to a point of fallure in the system.
Mcreover, the pattern of fuses blown in the array served as a
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check on the source of fallure in the system, For example,

the fuse corresponding to.current generator output blew 1if the
output was too low., Too low an output would fail to switch the
films at the address being interrogated and would, therefore,
also cause the fuses corresponding to the bits in the address to
blow, thus pinpointing the current generator as the source of
fallure and the cause as loss of gain in the generator transis-
tors. In essence, any drive-circult faillure was shown as a
fallure of all the driven-bit positions in an address, plus a
driving-point faillure. Any sense-circuit fallure was shown as
an individual bit-position fallure plus an output-point fallure.

All clrcults to be tested were potted in building-block form and
assembled into standard modules. There were two modules, nlus
the memory pack, above ground. A third module, together with
several printed circult cards and the fuse board, was in the
well. The entire system was battery-powered with power turn-on
via mechanical timer prior to shot time. The battery pack and
timer were also located above ground with the test device.

The circuits in the test system above ground included: (1)
Diverter Driver, (2) Diverter, (3) Current Generator, (4) DRO
Magnetic Film Memory, (5) NDRO Magnetic Film Memory, (6) Bit
Driver, (7) Sense Amplifier, (8) Strobe, (9) Readout Reglster.

The circults in the underground contrel and error checking
system included: (1) Clock, (2) Timing, (3) Counter, (4) Address
Register, (5) Error Logic Matrix, (6) Error Indicator.

The clock rate was 330 kc. There were two addresses in each
memory, with four bits in each address. Each cycle of the clock
read out one address of four bilts, and cycles were alternated
between memorles,

The addresses not used for readout were located with information
for a static information "disturd”' test.

Physically, the radiation test unit was a small memory using
advanced digital development (ADD) circuits and magnetic film
memory planes plus control and complete error-checking circuitry.
The unit was assembled specifically for testing a magnetic film
memory and assoclated circuits {or verformance in a weapon
nuclear radiation environment.

The device contalned both a DRO and an NDRO film memory plane,
In each memory plane, two four-bit words were operated at a
cycle time of 3.5 u sec. Two "zeros" and two "ones" were
stored in each word. The words were interrogated sequentially,
alternating from NDRO toc DRO, and the output from each bit of

AN, 1t

NN TOR O (S (i O O S
._L_'i‘,.-\ e S S L, O S L
B 9 S O R s G

.
3



A P e A e e o

each word was checked fcr errors, Certailn circults were checked
for proper operation.

Included in the memory stack were four NDRO planes which were
not operated but contained a preloaded pattern. The contents of
these planes were chacked in the laboratory after the test was

completed.

The unit was divided into four modules as shown by the dotted
lines on the block diagram, Flgure 2.15. Flgure 2.13 shows the
physical location of the various modules. The control module
was located below ground, shlelded from radiatlon. Not shown on
the block diagram 1s a mechanical timer for turning the unit on
and off, and a battery power pack.

Control mocdule circuilts included an oscillator, one-shot multi-
vibrators, and inverters. These made up a two-blt counter to o
provicde the memory address, and a timing chaln to supply all O
necessary timing signals. The control modules,which also con-
tained all the circults used for error checxking and 1ndication,

are described later.

The word-selection module contained two current generators-—one
for each memory plane-—controlled by the low-order bl¢ of the
address register, and two dlverters contrclled by the high-order
bit. These circuits drove 2 2 x 2 dlode tape-core matrix which
supplied current <o the selected word.

In the memory stack, the components for the 2 x 2 diode tape-
core matrix were located on one end of the memory planes. The
magnetic film memory elements and the assoclated drive and sense
conductors made up the remainder of the memory plane. The planes
were wired together and installed within a magnetic shleld.

In the sense amplifier module, the four sense llnes used in each
memory plane were connected to four sense amplifiers. Each
amplifier had two 1nputs— one NDRO and one DRO. Each amplifier
output set a flip-flop in the readout register 1f a "one" was
read, The two DRO bit drivers located in this module were used
for restoring the "ones" in the DRO "one" bit lines. This module
also contalned several extra sensing circults whose operation

was checked with dummy input signals,

In the error indication c¢ircults, the outputs from the four

active bits of the readout register were compared to that

expected from the memory. If any flip-flop was not in the

proper state, an error signal was generated. This signal turned
on one or more transistors on the error side of the transformer
dlode matrix shown in Figure 2.14, One of the transistors on

the address side of the matrix was also turned on, correspcnéing
to the state of the address reglster. Thus, sixteen intersectilons
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of the matrix each represent a fllm element in the menmory.

Should a film element be read incorrectly, the transformer at

the corresponding intersection would be energlzed. The transform-
er drove a sillcon-controlled rectifier (SCR% which had a fuse fcr
an anode load. If an error occurred, the SCR would be turned on,
blowing the fuse and giving a permanent record of the error.

The fifth row of the matrix was used to indicate a lack of word
current. A current transformer coupled to the two current-
generator output lines provided a signal to set a flip-flop 1if
word current was present. The output of this flip-flop was then
checked and indicated iIn the same manner as described above.

In its ocutput line, one DRO bit driver had a current transformer
which performed in the same manner as the word-current detection
circult described above. The bit driver functioned independently
of address; consequently, its error indicator was fused separate-
ly. The necessary circult 1s shown in Figure 2.14, g 5

Since the active readout circuilts could not be checked directly R
for proper operation, similar clrcuits with known inputs were 0N
added. If one of the active circults was affected by radiation, Cu
it was probable that one of the dummy circults would also be S
affected 1n a similar way. Included were two complete extra
sense amplifiers—one with a dummy "one" input signal and one
wlth no input signal or "zero'—and two extra strobe circults
(output portion of the sense amplifier) also with dummy "one" DA
and "zero" inputs. An extra flip-flop was also included in the -in;:;.ﬁ
readout register and was reset by a timing pulse during each el
cycle,

T VAT
f et

The outputs of these flve sets of circults were compared to the

state that would be correct if no malfunction occurred. If a 5 '_3

malfunction occurred, the proper fuse was blown, as before, using un}ﬁﬁw@u

the circult of Figure 2.14, :{}}ﬁ;&?
b ._’.‘\_'. :.

All the checks described thus far were checked for improper
operation only. One check for proper operation was included and
consisted of a circult to blow a fuse 1f a particular timing
pulse was present. If this particular fuse blew because the

timing pulse was present, 1t was an indication that the power IEI_'
was turned on, that at least part of the unit was operating, and g
that the unit was ready to indicate errors. Any malfunction which Ryl

then occurred under these conditions was indicated by the error
circuits.

The Remington Rand-Univac package installed in Station 528.13-4
(5,700 feet) is shown in Figure 2.16,
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2.2.3 Diagnostlc Station., The diagnostic instrumentation

Punker was egqulpped with an alr-conditioning system to maintain

adequate interior temperatures. The electrical generator,

refrigeration compressor, coolant pumps, and heat exchanger were .o
located in a remote dugout (Figures 2.17 and 2.18)., Refrigerated A
water was circuiated to the bunker through plastic pipe. In the s

bunker the coolant w i circulated through a second heat exchanger.
An air-circulation fan drew warm alr into the heat exchanger from
whence 1t was exhausted back into the room at a lower temperature,

The power for the dilagnostlc statlon was provided as follows:
A 50 kw 240 vdc dlesel englne generator was connected to a motor RN
generator (MG) set which in turn provided a regulated output of T i
117 volts, 60 cycles for the diagnostic instrumentation. Prior to the g el
actual test, the diesel engine generator was removed and the MG ot
set (35kw) connected directly to a bank of batteries which pro- ™3
vijed dc power to the MG set. The batteries were charged using T
the 50-kw diesel engine generator.

The battery room shown in Figure 2.34 consisted of 160 batteries,
8 banks of 20 batterlies each delivering a total of 240 vde

(~ 35kw). The batteries were fully charged before final button-
up operations. At H + 2 minutes all power was turned off by the TR

programmer.

The diagnostic monitoring equiprment consisted of17

oscilloscopes equipped wlith cameras to record transient pulseas.
Tektronix 585 and 555 oscilloscopes were used since they offerad
the necessary one-shot triggering and the required use-time
characteristics. The sweep speeds selected were 50 nanoseconds/

i
cm to 2 msec/cm with sensitivities of less then 5 mv/cm. The Yo
rise times of the 585 and 555 oscilloscopes are 3.5 nanoseconds ;fﬂ}z
and 12 nanoseconds respectively. The sweep speed and sensitivity AT
for each test=circult channel were selected so that an overlap F}ﬁk}
in time and amplitude was achieved. The voultage levels and <

sweep speeds for the oscllloscopes are given in Table 2.3.

Two AMPEX FR-100 magnetic tape recorders were utilized to record
slower transient pulses (Figure 2.19)s The FR-114 (14 denotes
the number of tracks) is capable of both direct record (DR) and
f requency modulation (FM) recording by means of interchangeable
plug-in amplifiers. The frequency response of the FM amplifier
13 de to 20 ke and 100 cps to 120 ke for direct record at a tape
speed of 60 inches per second (ips). The minimum signal record
levels for FM and DR are 70 mv and 250 mv respectively. The
maximum signal level is 50 v by adjusting the irput rotentiometer
on the record amplifiers. The voltage level for the tape
recorders is shown in Table 2.4.

.....................
_________



2.2.4 Dosimetry

Gamma Dose Rate. Six scintillation-type gamma detec-
ters, each conslisting of a P1ilot-B plastic scintlllator fluor and
ITT FW-114 planar photodiode, were used to record gamma time
history. A 2530 vdc low-impedance power supply was used as the
photo-diode (anode) supply. As shown in Figure 2.20, Detectors
1 and 2 were used for scope triggering. Detector 3 was used
to measure the prompt gamma splke. Detectors 4 and 5 were used
to measure the dose rate out to 1lOusec and 100usec, respectively.
Detector 6 was used to determine the time-integrated dose out
to about 10 msec.

Gamma Dose. Four types of gamma dosimetry were utilized:
Edgerton, Germeshausen and Grier (EG&G) shielded chemical (tetrachloroethylene)
dosimeters; EG&G shielded Bausch & Lomb silver phosphate glass rods; EG&G
shielded film dosimeters; and unshielded Bausch & Lomb glass rods. The shielding
containers used by EG&G were the standard National Bureau of Standards (NBS)
tin-lead-polythene configurations. Chemical dosimeters and glass rods measure
doses above 25 r and the film dosimeters below 25 r. The chemical dosimeters
were designed to cover a factor of 3 on either side of the calculated dose whereas
the glass rods had a standard range 25 to 10°r. The two types were used together
to give double data points at most locations. Filin alone was used at Pad 528.14
(7,500 feet) where the anticipated dose was below the range of either chemical or
glass-rod dosimeters.

Neutron Exposure, Standard EG&G packages of gecld
foll, cadmium-covered gold foll and sulphur pellets were used for
Integrated neutron exposure measurements. In addition, EG&G

boron-bomb fast-fission folls were used at Pads 528.12 and
523.13, where the neutron dose was sufficient to produce measure-
able actlvation. The thresholds for the respective folls were
Au_-_Au Cd, thermal neutrons, E >0.025 ev; Pu@39, E > 10 Kev;
Np237, E>0.75 Mev; U23¢, E>1.5 Mev; and 832, E >3.0 Mev.

2.3  INSTALLATICON AND CALIBRATION

2.3.1 Blooper Statlon Circults

Installation. The blooper package installation 1s shown in
Flgure 2.21. From tne viewpoint of packagling and installation
features: (1) the test circults were mounted at the top of the
package, the side with the greater area facing the incldent
radiation; (2) the low-impedance battery pack was installed at
the rear of the uprer ccnpartment for ease of access and where
it could be partially shielded; (3) the semihard isolation cir-
cults were installed below a lead shield to reduce the gamma
doses to well below response threshold levels (~ 10% r/sec gamma
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dose rate) at the pad nearest ground zero; (4) the recording
circults were installed below additional lead and borated
polyethylene shielding,since they were more radlatlon sensitive
than the isolation circuits; (5) the electromagnetic shield con-
sisted of the lower steel box above the pad cover prlate and the
steel 11d clamped tightly to the box with a steel-wool gashev to
minimize the reluctance of the jJoint and provide low-resistance
electrical connection between the box and 1id; (6) the dosimeter
cup was located in close proximity to the test circults; and (7)
a gamma trigger unit turned off the power to the recording cir-
cuits shortly after the gamma pulse, The power was turned off
to preclude fuses being blown by electrical transients after the
gamma pulse, Detalls of the blooper packages and shielding are
shown in Figures 2.22 throurh 2.25.

Calibratlion, Preshot calibration of blooper packages consisted
ol checking the electrical performance of each channel and adjust-
ing the channel sensitivity to the deslred level. The electrical
checkout included checking all power-supply voltages provided by
the instrumentation and test-clrcult programmers, checking both
programmers for the proper turn-off, and turn-off power segquencing,
and checking all circuilts for satisfactory nperation. The per-
formance of each channel was checked covering the input pulse
range of 100 mv to 10 volts at a pulse width of 1.0 usec., After
the channel sensltivity was set to the desired level and each
channel rechecked, fuses were installed and the blooper cycled

on and off. The programmer and the slow gamma trigger were used
to simulate actual operation, Fuses were checked after every
turn-on and turn-off operation to assure that there had been no
malfunction or sporadic triggering.

Postshot callbration consisted of recording the threshold levels
on each comparator and rechecking the sensltlvity of each channel.
A cursory examination of the recorded thresholds before and after
the test showed conslstency to within voltmeter accuracy. Channel
amplitude sensitivity as a function of input pulse width was
checked on a sample of 24 channels. The channel performance was
essentlally uniform for pulses whose width was at least 0.3 usec
as shown in Figures 2.26 through 2.28. Isolation-circult
performance as a function of test-circult driving impedance was
also checked on a sample basis,

From the information determined during blooper calibratlon,
rellable operation was expected for input pulses ranging in
amplitude from 300 mv to approximately 9.0 volts depending c¢cn
the particular channel involved., The lower 1imit was determined
by the noise level and the upper limit was determined by the
maximum threshold setting of approximately 5 volts, both limits
being at the comparator, and therefore subject to correction by
the channel gain to obtaln the input levels quoted above., The
data obtained dur*ng calibration on input level sensitivity as
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a8 function of pulse width showed no particular change in sensi-
tivity for pulses longer than 0.3 p sec. Successful trigger-
ing was obtained at pulse widths as narrow as 40 nanoseconds
although the input voltage level rejgulred to trigger was consider-
ably increased. Nc investigation of pulse widths less than &0
nan2sz~onds was 2onducted dus t2 limlcations 1n ¢tre pulse genera-
tor.

2.3.2 Dilagnostic Station.

Installation. Cameras were installed on the oscilloscopes to
record the data,as shown 1r. Flgure 2.29. A trigger generator,

in response to a scintlllation detector signal, drove the oscillo-
scope trigger circults to generate sweep signals at the instant
the prompt gamma pulse was received. A programmer (Figure 2.30)
installed in the bunker performed all of the functions regquired

to operate the cameras, recorders and power equipment during the
shot, since the bunker was unmanned. The program was inltliated

by either a -30 second or a -5 second range-timing relay. The
block diagram for the programmer 1s shown in Figure 2.31. A tim-
ing cable guillotine and retraction system disconnected the timing
cables and withdrew them from the bunker upon receipt of the -5
second timing signal, thereby eliminating possible introduction

of EMP-induced nolse into the bunker by the cables, The timing
relays and guillotine control box are shown 1in Flgure 2.32.
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A typlcal ccaxial cable 1nstallation between the dlagnostic
package and the bunker instrumentation 1is shown in Figure 2.33.
Additional views of the circult monitoring equipment and power
generator are shown in Figures 2.34 and 2.35. The block dilagrams
for the dlagnostic instrumentation and power supplles are shcwn
in Flgure 2,36 and Figure 2,37 respectively.

A ground view of the diagnostic station is shown in Figure 2.38.
A detalled cross sectional view of the diagnostic package 1s
shown in Flgure 2.39. A closeup view of the lnstallation pack-
age shielding 1s shown in Figure 2.40.

Callbration. Tektronix Type 555 oscilloscopes with Type K or L
plug-1ins were used for measurlng voltage amplitude and waveforms
gernerated by a Rutherford Type BTB pulse generator during the
callbration procedures., All voltmeters used during calibration
had a sensitivity of at least 10,000 ohms/volt and an accuracy
of + 3 percent.

Diagnostic circult packages were calibrated in the fileld labora-
tory before installation., After installation, pulses were in-
Jected at the test-cilrcuit output terminals,and oscllloscope photo-
graphs were obtalned showling the channel responses. The chanrel
calibration levels are glven 1in Table 2.5.
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Bunker instrumentation was callbrated per manufacturer's
specification upon installation and perlodically checked. Drift
calibration was obtalned by recording the base lines on the
oscilloscopes while on external power, then on battery pcwer at
H-3 1/2 hours, and finally while on batteries at D + 2. (No
érifc was observed curing this period),

The two tape recorders were callbrated using methods prescribed
by the manufacturer. Voltage calibratlions were made with sinus-
o0idal inputs at the maximum frequency response of the record

amplifiers,

2.3.3 Dosimetry

Installation, Scintilllation Detectors. The six scintlllation
detectors were Installed In dlagnostlic package hole No. 3,as
shown in Figure 2.41, Detectors Nos. 1l and 2 were used for the
oscilloscope trigger system; Detectors Nos. 3, 4, and 5 were used
to measure the gamma dose rate time history over three ranges of
time (0.05 usec.,, 10 ysec., 100 usec.); Detector No. 6 was used
to determine the integrated gamma dose as a function of time up
to approximately 10 milliseconds.

Gamma Dosimeter, The precoded gamma dosimeters were placed
insice small aluminum cans and installed within the blooper and
diagnostic packages. Each gamma dosimeter was exposed to the
same radiation environment as the test specimens 1in the package,
The film dosimeter film-planes were mounted perpendicular to the
line-of-sight to ground zero. The chemical dosimeters and glass
rods were mounted with their axes perpendicular to the line-of-
slght to ground zero.

Neutron Dosimeter. Neutron dosimeters were installed in the

alumlnum cans containing the gamma dosimeters, The planes of

the sulphur tablets and foils were perpendicular to line-of-sight
to ground zero. The gold and gold-cadmium folls were installed

on opposite ends of the gamma chemical dosimeters upon EG&G'S

suggestion.

Calibration, Scintillation Detectors. The gamma detectors and
Integrating circult for detector No. 6 were calibrated before
the fiz1d test in terms of output current versus dose rate at
the Northrop Ventura 600-kv Flash X-Ray Facility, using ioniza-
tion chamber dosimetry. For Detectors Nos. 4 and 5 it was neces-
sary to use cathode followers due to the large photodiocde load
reslistance (4.7 k and 100 k) required tc increase detector sensi-
tivity.

At the test site, scintlllation detector electronics channels
were callbrated using a Rutherford pulser, and where required,
a series resistor to simulate the actual source impedance
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(4.7 k and 100 k). Subsequently, each detector-electronics chain
was calibrated at the test site using a Xenon-tube 1light flasher
incident on the photodiode. By numerically integrating a dif-
ferential display of the Xenon-flasher pulse (approximately 0.2 usec
: wide) the integrating channel (Detector No. 6) could be calibrated
A directly. Figures 2.42 and 2.43 are representative of the calli-
.: bration recordings.

After the fleld test, the scingéllation detectors were callibrated
at the EG&G, Santa Barbara, Co Facility. This callbration was
used in the final results discussed below.

Gamma Dosimeters. The gamma dosimeters supplied by EG&G, Santa
Barbara, were also calibrated and read by EG&G; therefore no
calibration procedures were performed by Northrop Ventura.

The unshielded Bausch & Lomb glass rods were suppllied, calibrated
and read by the Signal Corps (R. G. Saelens). The glass rods
were packaged 1n groups of three in polyethylene containers.
Ultrasonic cleaning and extreme care in handling the glass rods
gave a readout accuracy of approximately 10 percent.

Neutron Dosimeters. The sulfur pellets, gold folls, and
cadmium-covered gold folls were supplied, callbrated, and read
by EG&G, Santa Barbara. The flssion folls were loaned for use
in Project 7.1.4 by Dr. L. J. Deal, Acting Director of the Civil
Effects Test Operation of the AEC Divislon of Blology and Medi-
cine, Washington, D. C. These fission folls were callbrated and
read by EG&G.
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TABLE 2.3 DIAGNOSTIC OSCILLOSCOPE SETTINGS

T
R 0 0 5 Ty

Scope Channel Horizontal Voltage Base Line Measurement* Diagnostic
Number Number Sweep Speed Sensitivity Offset Package
Number
us /o volts/cm pet

1 1 10 1.0 25 Ckt., 2E+; 1
1 2 10 1.0 75 Ckt. 2(- 1
2 3 1.0 0.1 75 Ckt. 3(-) 1
2 " 1.0 0.02 0 Ckt. 5 1 _
3 5 0.1 0.1 75 Ckt. 1 1
3 6 0.1 0.01 50 Term., C/F 4 e
4 i 0.1 0.01 50 Term. E/F 2 SN
4 0.1 0.02 75 Ckt. 1 2
;8 I M 3 amid : o
5 2 1.0x1 .005 Ckt. uﬂ:m
6 11 1.0 0.05 75 Ckt. 3(-) 2 3
6 12 1.0 0,005 0 Ckt., 5 2
7 1 1.0 0.5 0 Dosim. 4 3
7 1 1.0 1.0 0 Dosim. 2 3
8 15 0.05 5.0 0 Dosim. 3 3
9 16 10 0.5 0 Dosim. 5 3
9 17 10 0.05 0 Dosim. 5 3
10 18 20 1.0 75 Ckt. 1 4
10 19 20 0.01 0 Ckt. 4 1
11 20 20 0.02 75 Ckt. 3(-) 4
11 21 20 0,005 0 Ckt. 5 4
12 22 2x103 0,005 o Ckt. 4 4
12 23 2x103 0.005 50 Ckt. 4 5
13 24 1,0 0.02 75 Ckt. 1 5
13 25 1,0 0.01 50 Ckt. 5 5
14 26 0.1 0.05 75 Ckt. 3(-) 5
14 27 0.1 0,005 50 Ckt. h 5
15 28 10 0.1 25 Ckt. 2§+; 4
15 29 10 0.05 5 Ckt. 2(+ 5

* Term. C/F, terminated cathode follower; Term.E/F, terminated
emitter follower; Dosim., dosimeter.
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TABLE 2.4 DIAGNOSTIC TAPE RECORDER SETTINGS

. m

T v -
GO

IR

.

Max, Expected Amplifier Measurement{ Diagnostic
Input Voltage Type* Package
Number
1 10 1 DR Ckt. 22-3 1
1 2.5 2 DR Ckt. 3(~ 1
1l 2.5 3 DR Ckt. 5 1
1 2.5 4 DR Ckt. 4 1
1 2.5 5 DR Term. E/F 2
1l 5.0 6 DR Ckt. 1 2
1 2.5 g DR Ckt. 22-; 2
1l 10 DR Ckt. 2(+ 2
1l 2.5 S DR Dosim, S 3
1 1.0 10 M 10 KC Signal HP20
1 2.5 11 DR Ckt. 1 4
1 2.5 12 DR Ckt. 2(+) 4
1l 2.5 13 DR Ckt. § 4
1l 2.5 1 DR Term. C/F 4
2 2.5 1 DR Ckt. 1 5
2 2.5 2 DR Ckt. 5 5
2 2.5 3 DR Ckt. 3(-) 5
2 2.5 4 DR Ckt. h 5
2 2.5 5 DR Ckt. 2(+) 5
2 1.0 9 ™ Dosim. 6 3
2 4,0 10 FM Dosim. 6 3
2 2.5 11 DR Dosim. 4 3
2 2.5 12 ™ Ckt. 4 4
2 NA 14 FM Ckt. 2(+) 5

* DR, direct record; FM, frequency modulated.
t Term. E/V, terminated emitter follower; Dosim., dosimeter; Term. C/F,

terminated cathode follower.
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Peak voltage on oscilloscope X correction factor = actual voltage.

Channels 27, 28, 29 did not provide reliable calibration factors.
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Interior view of bunker from entry. Note
oscilloscope with cameras installed, cable routing, and
overhead equipment shelf with temperature recorder and

power supplies installed.

v

+ fi'.-tl“ l‘ ’

Interior view of bunker toward entry. Note

(from foreground to background) acoustic insulation over
M-G set, programmer rack, two tape recorders, bench
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Figure 2.29 Bunker interior. (AFSWC photos)
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Figure 2.36 Block diagram, diagnostic instrumentation.
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Figure 2.41 Sc.ntillation detectors. (AFSWC photo)
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Channel 15, dosimeter 3, package 3, scope 8.
Sweep speed 0.05 usec/cm, vertical sensitivity 1 v/cm. Elec-
tronic pulser input.

Figure 2.42 Scintillation detector calibration, Channel 15.
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CHAPTER 3

RESULTS AND DISCUSSION

3 4l GENERAL SHOT DATA

A device with a yleld of was detonated ten
feet above the ground. All instruusentation stations were located
in the Frenchman Flat area of the Nevada Test Site. The locatlons
of the four blooper stations and the diagnostic station are shown
in Figure 3.1. Field test specimen jocations are given in Table
3.1, Detalled information on the Small Boy device 1s given 1in Table

8=
3.2 DATA RELIABILITY

Eleven of the 144 blooper channels were invalid as a resulct of
malfunctions or incorrect switch sequencing corresponding to a
loss of data of approximately 7.5 percent. Although the slow gamma
trigger failed to functlon at the 7500-ft statlon (528.14-2),

1t does not advewsely affect the reliability of the data, since
the trigger served only to remove power from the instrument pads
at H + 3 msec., All packages were removed within 72 hours after
the shot. Fuse data were then tabulated and all blooper channels
recalibrated. A summary of the fuse data 1s shown in Table 3.3.

All oscilloscopes at the diagnostic station triggered properly
during the test. Polaroid pictures from the oscilloscope cameras
were recovered at H + 1.5 hours. The five photodiodes at the
diagnostic station functioned correctly during the test. The
oscilloscope photographs from the diagnostic station are shown in
Figures 3.2 through 3.9. Temperature recordings made at
strateglc locations in the diagnostic station between H-4 hours
and H + 2 minutes *ndicated no significant temperature increase.

The two magnetic tape recorders operated before, during and after
the radiation pulse. However, most of the transient signals from
the test circult specimens were below the voltage levels of the
record amplifiers. Data were obtained on the photodlnde integrat-
ing circults, as discussed in Section 3, 3.

3,3 DOSIMETRY

3.3.1 Gamma Dose Rate Measurements. The output of Detector
3 1s shown in Figure 3.5 (channel 15). The spot at the left
indicates the beginning of the sweep. The sweep photo (verore
retouching) was very dim and, in fact, the leading edge had to
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o be dashed-in incorporatling the expected delay of about 120

v nanoseconds between sweep initlation and signal display. It
is not clear, however, why the first 120 nanoseconds of the

o sweep did not appear as a baseline. The apparent oscillatory

eS behavior cn thils trace is,at learst, in qualitative agreement

with similar experiments at the Small Boy event made by
Dr. Stanley Kronenberg, USAERDL.

The outputs of Detectors 4 and 5 are shown in Figures

3.5 (Channel 13) and 3.6 (Channels 16 and 17) respectively.

The bump in the output of Detector 5 at about 77 microseconds 1is
believed real and could be due to fission neutron arrival. The

output of Detector 2 1s shown in Figure 3.5 (Channe. 14).
These data were used to supplement data fromDetectors 3,
4, and 5 although the primary function of Detector 2 was for

the scope trigger system.

These detector data were analyzed based on a 0060 dose rate
calibration and comblned Into a composite graph as shown in

Figure 3.10. The output trace from Detector 3 was smoothed
for this composite graph. The measured peak aose rate (at the
bunker) was which compared favorably wlth the
AFSWC and Northnrop Ventura predictions of and
respectively, scaled t0 yleld.

\ Znese predictions were based on information supplied by Jr. John
ﬁalik of LASL.) The measured dose rate for times after the peak
is considerably higher than Malik's prediction for a

device, and 1s shown in Figure 3.10. The differences shown in
Figure 3.10 for times less than about 5 microseconds, are rrobably
a result of ground and air scattering. The actual measurements
reported here were made in uncollimated geometry. The 'differ-
ences shown in Figure 3.10 for times greater than about 5 to 10
microseconds are probably a result of fluor hang-up.

The long decay components (about 10 to 40 microseconds) of
plastic scintillators can amount to a few percent of the total
light output. It 1s therefore apparent that fluor hang-up must
be considered for times after the occurrence of the 1nitlal

gamma peak, especlally after the dose rate has fallen by a factor
of 10 or 20 within about 20 to 100 microseconds., Such corrections
are presently being performed.

The output from Detector 6 was monitored by tape recorder
channels and is shown in Figure 3.11. Based on the detector-
electronics calibration (Chapter 2) the gamma dose 1s about at
200 microseconds and about at 2 milliseconds. Graphical
integration of the composite dose rate plot (Figure 3,10) out to
100 miecroseconds glves about which indicates falrly good
agrezement.,
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3.3.2 Gamma Dose Measurements. In Table 3,4 the results ol the

zamma dose measurements are compared with AFSWC predictlons and
with‘extrapolated/interpolated values from Nuclear Defense
(NDL) measurements. The entries in

Laporatory, Edgewood Arsenal

Table 3.4 are generally averages of several measurements. The

EG&G dosimeter results are 1in very good agreement with the
glass rod data ure higher

predicted values. The Signal Corps
than predicted because the sensitivity of the rods increases for

low energy gammas (<100 Kev). The NDL measurements were made in
a different geometry (and on a different radial field 1ine) and
therefore, are expected only to show rough agreement.

al

4 * ,-_-
BN LU hE A AR

Table 3.5 compares the

3.3.3 Neutron Exposure Measurements.
tron exposure measurements with interpolated

resu.ts of the neu
i values from NDL measurements. Although the measurement geometries
| (and radial lines) were different, the results show good agree-

I ment.

:Q 3.3.4 Su lemental Dosimetry. Additional neutron and gamma

. dosimetry packages were Tocated near the {solated readout

- circuitry to eliminate the possibility of radiation effects on
A1l dosimetry readout

the assoclated monisoring circults.
indicated that the radlation levels at these locatlons were below

the thresholds for both transient and permanent damage.

3.4 REMINGTON RAND EXPERIMENT

A detalled analysis of the results obtained on the Remington Rand
thin film memory unit 1is given in Reference 6. The concluslons

from the Rand document are:

(2) No additional hardware modifications are necessary
to harden to the level quoted in (1) above.

(3) Software (programming) routines may be used effectively
as hardening technlques.

(&) Increased hardness can be most economically and
rapidly achleved through a combination of hardware

and software techniques.

(5) There 1s at present insufficient real time data
from which improved hardware hardness deslgn

criteria can be evolved.
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(6) It would be highly desirable to perform future
experiments with real time instrumentation to gather
data usable in ilmproving hardware techniques.

3.5 PIECE PARTS, LITTLE FELLER II PACKAGES

As indicated previously, two Little Feller II type packages were
exposeu at Small Boy to obtain a pcssible correlation of plece
part response in the two weapon radiation environments,

The fuse data (Table 3.6) at the 7,500-ft station

shows that the signal in the 2N215ﬁ exceeded +1.2v., Laboratory
tests required dose rates of approximately to produce
signals of this level, Therefore, it 1s assumed that the fuse
blew some time after the final button-up operations and was not
caused by effects of the radiation pulse.

Table 3.7 shows a comparison Qf plece parts data from Small Boy
and Little Feller Il at respec-
tively. The response data for the NS480, 2N705, and 651C4 show
a good agreement between the two weapon radiation environments,
On Small Boy, two NS480 fuses were set at -0.9 v; one blew, one
d:d not. This information verifles laboratory test data 1ndica-
ting that various specimens of the same type of semiconductor
component will show different response characteristics at the
same radiation level., No comparison can be made for the IN457
and 2N2187.

Following the completion of the original Small Boy contract, the
scope of the program, under joint Northrop Ventura and AFSWC
funding, was expanded to Jnclude:

(1) A complete analysis of the field data (including
magnetic tape recordings) with efforts concentrated
on eliminating data outside the anticipated ranges,

(2) A close liaison with other organizations who made
measurements ¢f the 1lnitial nuclear radiation pulse,
in an effort to provide more detailed information on
the radiation environments to which the circuit
specimens were exposed,

Additional irradiation experiments and analysis at
the peak gamma dose rates measured in the fleld so
that comparison data are avallable from both fleld
and laboratory experiments.
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(+) A comparlson of fleld test results with laboratory )
results to determine how well the laboratory experi- RIS

ments simulate the weapon environment. e e
(5) An Interpretation of the transient response of each ¢J§$§¢

type of specimen circult on the basis of the partic- :;{y Q!
ular circult configuration, to ascertain which @Rﬁgﬁf*
components and parameters determine relative hardness. fvb:ti{*
In addition, a determination of design parameters kgn& R
whlch reduce the vulnerability of the circults based e
on experimental results and circult analysis. ) B I

The results of these analyses are given in the following sectlons. Rk o

3.6 IBM LOGIC NETWORK

3.6.1 IBM Logic Network Introduction. The IBM G4-1A inverter is »
an essentlal buillding block in the Titan guidance computer system. O O

Interconnection of this type unit with similar units makes up a
large portion of the computer arithmetic capability. Binary
signals with associated voltage levels of Ov and -8v are used for
intercircult computer communication. To avoid ambiguity, well-
defined non-overlapping tolerances must be assigned both voltage
levels, The 1input conditions for the logic network tested in the
field were set to result in a nominal -8v output level. The
fallure criterion was defined as a +1.8 v maximum allowable volt-
age shift (Reference 7), {. e., the circuit was considered to have
falled 1f tie output voltage became more positive than -6.2v.

3.6.2 Normal Circuit Operation. In normal operation, the logic
network performs both logical manipulation (Reference 8) of the input
signals and logical inversion with power galn, as shown in the
block diagram in Figure 3,12, Typical node voltages for the case
of all inputs at zero volts and at -8 volts (shown in parenthesis)
indicate how the state of the output transistor i: manipulated by
the input signals (Figure 3.13). Since nelther tae laboratory
tests nor the fleld test were conducted with dynamic input signals,
the only case considered is that resulting with all input term-
lnals grounded. The schematic 1s repeated in Figure 3.l4,showing
the current distribution in the clrcult with input terminals
grounded. The input gating networks are not shown because when
dlodes CRc and CRg are reverse blased the transistor and its
bilasing nétwork are effectively isolated. The primary function

of the blasing network is to ascsure that the emitter-base Jurc-
tion of the transistor remains reverse blased for the worst c.ie
of base leakage current., As long as the total current from the
+30 volt source 1is sufficlent to supply the base leakage current
and a small amount of current through Ci7 and CRg, the emitter
Junctlon will remain reverse blasedyand the collector current e it o
will be approximately equal to the base leakage current. When M,
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the base leakage currents exceed 360 ma the emiltter Junction of
the transistor will become forward biased. A further increase
in the base leakage current will result 1n a corresponding
increase 1in the collector current multiplied by the transistor
common emltter current gain., The output voltage variation as a
function of base leakage current 1s shown in Figure 3.15.

The current from the +30 volt source 1s called the holdoff
current. In normal operation the magnitude of the holdoff
current 1s adjusted to result 1n an output voltage s-ift less
than fallure at the maximum expected leakage current, The leak-
age current 1n thils case, however, 1s a result of an elevated

amblent temperature,

3.6.3 Radiation Analysis. Assuming a radiation pulse is long
compared to the circult response time, the qualitative analysis

of the peak transient output voltage 1s ldentlcal to the analysis
of thermal-induced leakage currents Just presented. The curvc
shown in Figure 3,15 should therefore be applicable to the radla-
tion case as well, The relation of the abscissa of the curve to
the peak dose rate of the radiation pulse is a slightly non-
linear function, Both this factor and the radiation effects of
the other circult components make the quantitative relationship
relatively weak. The transistor effect 1s certainly predominant.

In a practical radiation enviromment the pulse width 1s usually
not long compared to the rise time of the circuilt when irradiated
with a square radiation pulse. If the pulse width 1s short
compared to the circuilt rise time and quite nonuniform in shape,
(e.g., the weapon radiation pulse), the peak output voltage of the
transient will be closely proportional to the total dose inte-
grated over the short radiation pulse time interval, Baslcally,
the only thing that has changed from the steady-state or long-
pulse analysis 1s that the leakage current 1s now a functlion of
time as well as of radlation intensity. If similarly shaped
pulses were compared 1t would be expected that the curve of
Figure 3.15 would again be generally reproduced, The curve now
would be a function of the peak dose rate or integrated dose of
the radiation environment belng investigated.

While the discussion up to this point has considered only the
effect of the transistor leakage currents,it 1s pointed out
that the radiation-induced photocurrent of the zener diode will
result in a significant circult effect. The dlode photocurrent
increases linearly with radiation dose rate, The rise time
should be shorter than that of the transistor since conduction
is sustained mainly by avalanche multiplication. The magnitude
of the effect is somewhat uncertain (Reference 9). The net result
of the zener diode photocurrent will be to decrease the reverse
blas on the transistor and thus lower the threshold point for
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o fallure. If the diode 1s irradlated separately from the rest of
G the circuit, the decrease in blas voltage may cause the transis-
tor to turn on.

A slight improvement in the translent behavior of the logic net-
work could be obtained by reducing the magnitude of the collector
supply voltage. The transistor manufacturer states trat a
significant number of extra carriers contribute to the blas leak-
age current, This 1s a result of carrler multiplication in the
collector depletion region when the collector 1s reverse blased
- by more than 7 volts. The qulescent leakage current can be

! reduced by about 40 percent by decreasing the collector supply
voltage from -8v to -6 v.
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Flash X-ray experiments performed on the logic network after
Small Boy showed a response very similar to that observed for a
single reverse-blased diode. The results are shown in Figure

. 3.16a and are consistent provided the emitter Junction remains
e reverse blased and no charge will accumulate in the base region
“y to result in a secondary response, The rise time of the tran-
g gient response appears to be comparable to the 0.2usec radiation
St pulse width. For experiments in which the radlation pulse width
» 1s short compared to the circult rise time, the peak transient

output of the circult will be closely proportional to the total
dose in the pulse, When the radiation pulse 1s long compared to
5. the circult rise time the peak output voltage is proportional to
i dose rate, Since most of the experimental data are for pulses
Fis” neither long nor short compared to circuit rise time, comparisons
must be made carefully to avold confusion,

When the maximum leakage current exceeds the threshold level,
charge accumulation in the transistor base reglon will result 1n
- an additional forward blasing effect which will increase the peak
L transient output and pulse width. In order to simulate this
N effect in the flash X-ray, the hold-off current was decreased by
reducing the +30 volt source. A typical waveform observed and a
summary of the results are shown in Flgures 3.16b and 3.16c.
. The decrease in hold-off currernt essentially results in & decrease
- in the threshold level as shown.

-, Summarizing, it might be expected from experimental and field
TN test results tihat once the failure criterion has been exceeded,
only a slight increase in radiation intensity will cause a
significant increase in the transient output. In determining
the radiation level necessary to cause failure, the effects of
zener diode photocurrent and collector multiplication will tend
to decrease the predicted level required.

o 3.6.4 Discussion of Field Test and Pre/Postshot Experimentation.
e Data recorded at the dlagnostic st “lons did not determine the
peak transient outputs. The photo_ 'aphs shown 1n Figure 3.2
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- (Channel 4) are *_ical of the results on the three powered

<o channels. It can be seen that the peak outp'it was much greater
than 50 mv, but an exact estimate 1s not possible. The long
term decay of the output pulse, shown in Figure 3.7 (Crannel 21),
is much longer than that observed in the laboratory. Since the
time involved 1s long compared to the normal-circuit rise time,
the trace reflects the response of the circult to the long, low-
level decay of the weapon gamma radiation pulse.

The format for presenting the blooper data, as shown in Figure 3.17,
will be generally the same for presenting all the blooper informa-
tion, An "x" indicates the threshold level at which a fuse was
blown; "0" indicates the threshold level corresponding to an un-
blown fuse, It therefore follows that a peak transient ocutput
b must be equal to or greater than the threshold level at which the
" fuse was blown. This voltuge range 1s indicated by a solid line,
Conversely, the transient output could not have been greater than
an unblown fuse level. The voltage range over which the signal
presence cannot be defined 18 indicated by a dashed line, Sepa-
rate vertical scales are used for each test circult for clarity.

] Referring to the results shown in Figure 3.17, all samples at Pad
oy A failled, and probably saturated. At Pad B, the blooper results
indicate that the logic circuilts were close to the threshold
levels, It 1s also reasonable to assume that the varlation be-
tween thresholds for different units is sufficiently large to
L allow a 1.0-v signal at Pad A3 and less than 0.7-v signal at Pad B.

Sk
.
LR

'
)

esults at Pad C3 are compatible with other information,
¢ fuse in the loglc network channel in Pad Cl was blown before
L t-« shot. The output transient less than 0.4 vat Pad D3 is also
- ©  .e conslstent. Tne two blown fuses at Pad D3 resulted from
o r:..ilure of the slow gamma trigger to deactivate power on the
o package,and the data 1s unreliable,

Experimental investigation, as well as preliminary circuit
analysis (Reference 11) has been performed independently (References 9 and 11).

fﬁ The results of the circuit analysis depend heavily on the assumed
& value of the zener diode photocurrent. Although the results are
A prelimlnary, the analysis indicates the familiar threshold curve.

e Using a relatively wide pulse (compared to the weapon pulse) of

i about 0.3 usec, the fallure level was reached at a peak dose rate
N of from for a radiation pulse
corrected to the energy spectrum of the weapon pulse. The varia-
tion in level 1s due to a 10:1 variation in the zener diode

i » photocurrent. As discussed previously, the increase in diode
- photocurrent corresponds to a decrease in the radlation threshold
" level. Experimental results obtained using 2-Mev gamma rays
(Reference 9) indicates that the radlatior. threshold occuirs at a peak
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dogse rate of approximately for a 0.15usec radlation
pulse width. The narrower pulse width corresponds more closely
to the weapon pulse shape and agrees quite well with Northrop
experimental data and field test results,

A good i1dea of the steady-state response at low radiatlion inten-
sities 1s obtained from the bunker photographs. The 10-millivolt
Bignal measured at t=l.0usec should correspond closely to the
predicted steady-state response at a dose rate of approximately
however, avallable experimental data must be
extravolated over too great a range for a reliable comparison.

Experimental and analytical predictions are summarized inFigure
3.,18. It has been shown that relatively low energy flash X-ray
radiation produces ionization in the semiconductor more efficlent-
ly than does radlation of a higher energy spectrum such as the
weapon pulse, or high energy (2-Mev) gamma rays. Considering the
different radlation pulse widths used, the correlation between the
field results and laboratory/analytical results appears to be very
good,

3.6.5 Conclusions of Small Boy TREE Working Group Meeting. On 7 and 8 November
1962 a TREE (transient radiation effects on electronics) meeting was held at the Aero-
space Corporation, El Segundo, California, to discuss and correlate the Small Boy
results and predictions on the five test circuits. The groups in attendance were per-
sonnel who had actually performed the fleld experiments, representatives of pertinent
military agencies, engineers from the manufacturers of the specific circuits and
representatives of organizations who had conducted independent laboratory tests and
analyses. The official conclusion of the group concerning the radiation vulnerability
of each particular circuit is given following the discussion of field test results in each
particular section. The Small Boy TREE Working Group established the most prob-
able radiation level necessary to cause failvre of the logic network at an integrated
dose of The energy spec-
trum of the radiation is defined as similar to that of the weapon prompt gamma pulse.
The pulse width must be specified, because above the maximum of the
integration approximation is not valid.

In the fleld test the IBM loglc network fallure level radius frecm
the Small Boy device had been estimated at approximately

Foga;gmparism with the meeting conclusfons, the intearated dase
at 7

theretore the conclusion of the group
appears to be a good approximation.

3.7 PRE-PREAMPLIFIER
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3.7.1 Introduction, The Kearfott closed-loop pre-preamplifier
is a two-stage Class A transistor feedback amplifier. As the
first stage of error signal amplification in the control system
feedback loop, the radlation vulnerability of this circuilt 1is an
important factor in system vulnerability. Four feedback paths
are Included in the circuilt to increase thermal stability, to
provide linear amplification over a wide range of input signal
amplitudes, and to stabilize the overall circuit voltage gain.
The fallure criterion for the pre-preamplifler was defined by
Kearfott as a 6-volt signal with a pulse width of at least 1
millisecond,

]

X 3.7.2 Normal Circult Operation. In normal operation the pre-
= preampiifier 1s a low-level linear amplifier. Referring to the

[, schematic dlagram in Figure 3.19, the dc¢ feedback path through
_ R; provides the base current required to maintain @i in the
llnear region, This method of bilasing also allows [or variations
= in the operating point due to temperature varlations. Dlode CR;
) provides protectlon for Qy 1n the event of a large negative
transient at the input, reverse blas of more than volts on

the emitter Jjunction of Q1 could cause fallure. The function of
C3 is to reduce the circuit gain for all frequencies higher than
required, to avoid high-frequency oscillation. The overall galn
of the amplifiler 1s closely controlled by the feedback from the
collector of Qo to the emitter of Q. Since the open-loop gain
of the amplifier is much greater than the closed-loop gain, the
absclute value of the overall voltage galn 1s determined by the
circult constants rather than by the transistor parameters, The
collector load of Qo consists of two resistors because of the
power limits specifled for the miniature resistors used in the
circult assembly.

5.7.3 Radlation Analysis, At radlation levels helow 108 r/sec
e transient behavior of the pre-preamplifier 1s almost entirely
determined by the semiconductor photocurrents, The time-varying
charge distribution in the semiconductors, determined by the net
result of the photocurrents, controls the amplitude and polarity
of the major portion of the transient response. First, consider
the photocurrent effect in each semiconductor device separately.
The photocurrent of Q alone will cause a negative going output
transient, Similarly, the photocurrent of Q will cause a
negative going slgnal at the collector of Q;. Referred to the
output, however, the result of the Q1 photocurrent 1is a magnified
positive going signal due to amplification in the seccnd stage.
The photocurrent of the diode is in the direction to turn @ off.
This effect would produce a negatively going transient at the out-
put. Direct linear superposition must be done carefully because
of the feedback effects and finite signal propagation times. If
ne or both of the transistors reaches the 1limit of its active
region, the superposition becomes much more difficult to apply.
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c, Extensive analog computer analysis as well as experimental

b studies have been done by other investigators (References 10 and 11). The
qualitative results of the Boelng computer analysis (Reference 10)
generally indicate that the output transient disrlays three
distinct regions. These are: a prompt, relatively narrow neg-
ative pulse immedliately followed by a larger and wider positive
pulse which is followed, in turn, by some sort of long term
recovery with a decay time ccnstant of about 25usec. It has been
shown, both analytically by the Boeing Co. (Reference 10) and experl-
mentally by Hughes Alrcraft Qo. (Reference 11) that the two pulses
are the result of the prompt photocurrents of Q; and Q, as
previously discussed. The secondary response was disturbed
as a result of the net charge deposited by the photocurrents of
Q; and CRj. Since these currents subtract at the base node of
Q1, the recovery may be either positive or negative, depending
on whether the transistor or diode photocurrent predominates.
The 25-usec time constant arises from the discharge of Cy
through the resistance of the parallel comblnation of R3 and Eg.

S
qqqqqq

The fallure criterion has been defined by the Kearfott Division,
General Precision, Inc., in terms of energy required at a frequency of 20 kc, based
on system response considerations (Reference 12). Any transient out-
put must therefore have a pulse duration of 25 usec to have any _
energy for this frequency component,or 50 usec to have a signif- e S
icant portlon of the transient output arpear as a system disturb-
ance, Consldering the dynamic output range of the pre-preamp-
lifier as + 6 volts, a radlation-induced transient must have a
minimum pulse width of 1 millisecond to cause system fallure,
Analytical techniques capable of predicting storage times, which
would be necessary to get a 1-millisecond pulse, are not
presently available. Experimental data indicate that the
required intensity to produce a pulse width much greater than

100 usec 1s beyond that conveniently avallable in a laboratory
envirorment (i.e. >109 r/sec.).

3.7.4 Discussion of Field Test and Pre/Postshot Experimentation.

The results obtained from the pre-preampliflers exposed at the
5)700-£‘t dilagnostic station are shown in Figures 3.2 and 3.9, corre~
spanding to Channels 2, 28 and 29. The validity of Channels
28 and 29 1s questionable. Both signals are negative-going-on-
positive channels, Little quantitative data can be inferred,

since the response of these channels 18 not rellable {or negative .-,--‘]
signals greater than 0.3 volts at the input. The character of F—_t:i.__-_d..._:t_.l
the recovery, however, ls consistent with laboratory observations. ‘-;D;--“q
On Channel 2 the peak output voltage 1s approximately -1.3 L ST

volts. The time constant of the regative recovery is difficult RO
to measure, but appears to be between 15 and 25 usec. This
corresponds very well to the analytical results already presented
(Reference 10).
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The results of the positive and negative response channels at the
four blooper stations are shown in Figures 3.20 and 3.21., The
results at the 2,800-foot statlion indicate that the peak positive
excursions were probably on the order of and the peak
negative transients were about This 1s consistent with
postshot testing, but not with the analytical predictions.

This point will be discussed later in detall.

At the 4,150-foot station, the variation in unit-to-unit response
observed in postshot flash X-ray experiments 1s apparent,
Sample waveforms observed are shown in Figure 3.22. The transient
siznal levels recorded agree very well with experimentally
observed laboratory results and with the analytical predictions.
Limitations on blooper channel senslitivity restricted the value
of the information., The lack of blown fuses at the 5,700- and 7,500-
foot pads 1s consistent with the dlagnostic results and experi-
mental data as well as with the analytical predictions.

Based on the field test results, the postshot experimental
program was oriented in two directlons., Because of the large
variation in response from one sample to another, a large number
of the pre-preamps were 1irradiated in the Northrop Flash X-Ray
Facility. A few of the observed responses are reproduced in
Figure 3.22. Since the varlations between units was in fact very
significant, the main characteristics of the unit responses are
shown in Table 3.8. The response of the pre-preamp to high-
intensity radlation was investigated using direct irradlation
with 27-Mev electrons from the General Atomic linear accelerator,
A comparison of the results shown in Figures 3.23, 3.24 and 3.25
shows that different pulse widths were used., The main
reascn for this was to obtailn a good signal-to-noise ratio for
interpreting the beam monlitor signal. The responses of three
different units are shown,comparing the flash X-ray response of
each unlt to the response for increasing radiation intensitles
using the Linaz. There 1s a very significant shift favering a
negative response at high radlation intensities, This agrees
extremely well with the blooper data at Pad A but 1s not predicted
analytically. Whille an explanation of this effect is not avall-
able, the most Mkely cause would be a decreased charge collec-
tion on Capacltor Cy, probably due to charge trapping in Ci.

Other possible effects, or contributing effects, are nonpropor-
tional increase in the semiconductor photocurrents and/or non-
linear effects in the transistors. However, it 1s felt definitely
that the responses shown are due to the pre-preamplifler transient
output, as opposed to radlation effects on the instrumentation

or power supply systems. Further work 1s necessary to determine
the cause, especlally since no orientation or waveform distortion
problems were observed in flash X-ray experiments,
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:‘_-: 3.7.5 Conclusions of the 7 and 8 November Small Boy TREE Working Group
- Meeting. Although there was some doubt, the official conclusion of the 7 and 8
K November meeting of the Small Boy TREE Working Croup was that the pre-

‘-

preamplifier did not fail in the field test environment. It was firmly agreed that

saturmation occurred at the maximum radiation level

but a transient pulse width long encugh to exceed the
fallure criterion was not reported. It has since been deter-
mined that the circult did not fall at the maximum fleld inten-
sities.

3.8 DIODE DETECTOR

3.8.1 Introduction. The diode detector 1s an essential ele-
ment 1n the Hughes GAR 4A missile system. In the system, the
input to the detector 1s an amplitude-modulated signal consist-
ing ofa3to4 volt, 1600-cps carrier, modulated with a low fre-
quency signal ot approximately 200 cps (Reference 13). No
fallure criterion was supplied, but it would appear that a 1-
volt transient output, with a pulse duration of at least 5 milli-
seconds, would cause a perceptible system disturbance.

3.8.2 Clrcult Operation. The clrcult consists of a semiconduc-
tcr dlode to rectlf'y and detect the modulating signal pius a low
pass filter to allow only the detected signal at the output.

The fleld test configuration of the diode detector is shown in
Figure 3.26. In actual circult operation the input 1s capacl-
tively coupled. The voltage across the diode, therefore, 1s zero,
since both the anode and the cathode voltage 1s equal to the sup-
ply voltage. With the simulated scurce Iimpedance directly coupled,
the dlode cathode voltage 1s essentially grounded, reverse-blasing
the diode with a voltage approximately equal to the supply voltage.

3.8.3 Radlation Analysis. Extensive investigations, using both
computer techniques and experimental analysls (References 1l and
14), have shown that the primary cause of the transient signal

is ionization and charge trapping in the output Capacitors C1 arnd
Cp2. The capacltor performance is mainly determined by material
constants which are not tightly controlled by the manufacturer
(Reference 15). Because of the varlation between units, the pre-
dicted capacitor performance must be specified as a range of
values. Diode photocurrent and lonization-induced shunt leakaze
paths add to the transient output. The diode photocurrent 1s
proportional to the active volume, which i1s the depletion layer
width plus a diffusion length on both sides of the Junction.
Since the reverse biasing of the diode in the direct coupled in-
put case increases the width of the depletion layer, the result-
ant photocurrent will be 1increased. However, at radliation inten-
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sitlies greater than 108 r/sec, the effect of the shunt leakage
paths will probably become the predominant second-order
effect. At this level the effective resistance of Reslstors Rj,
Ro and Ry 1s significantly reduced, altering the dynamlc charge
distribu%ion during the radiation pulse,

.8.4 Discussion of Field Test and Pre/Postshot Experimentation.

ased on preshot test data, the predicted waveform from the
diode detector during the weapon pulse would be a rounded pulse
(Figure 3.27) with a rise time of approximately and a
decay constant of approximately The diode detector
signal recorded at the diagnostl¢ station (Figure 3.6 Channel 19),
while difficult to interpret in detall, 1ndicates a rise time of

based on the assumption that the peak occurs at the end of

the oscilloscope trace, The signal level was this point.

Before any attempt 1s made to correlate the flash X-ray results

to the field test, two factors must be taken into account, First,
the difference in total dose must be considered, including the
appropriate integrating time constant for the circults. Second.
the transient response of the dlode detector Increases as a func-
tion of increasing bias supply voltage; however, 1t 1s not a
linear relatlonship. At the relatively low dose rates of the
flash X-ray, the deviation from linearity may be due tv the non-
linear variation in diocde photocurrent as a function of reverse
bias.

Because of the instrumentation sensitivity limitations, the flash
X-ray experiments were performed at higher supply voltage levels
than the fleld test.

Figure 3.6, which shows the transient 3ignal from the diode
detector, exemplifies the good agreement between flash X-ray and

leld test. The variation between the peak response at flash
X-ray and the fleld test may be due to the fact
that with the flash X-ray the total dose 1s dellvered in
whereas, gamma dose from the weapon 1s still being delivered
after

Referring to the blooper data (Figure 3.28), the transient
signal was well below the minimum blooper sensitivity at all but
the 2,800-foot statlon {Pad A). At Pad A the estimated total dose,
integrated to 100 usec was approximately two orders of magnltude
greater than that at the 5,700-foot dlagnostic station. If linear
dependence of output for increasing dose 1s assumed, the transilent
signal from the diode detector ghould have been two orders of
magnitude greater than the at the dlagnostic staticn, As
shown in Table 3.3, two fuses set at + 0.5v and 0.6v did not blow,



whereas the fuse set for + 1.15v d1d., The fact that the two
fuses set at the lower voltages did not blow can be explailned by
the variatlions in diode detector response which have been observed
for different test circuilts during laboratory testing. Varlatilons
in capacltor behavior could also explain the firing of the fuse
set at 1.15v; however, this data point appears to be anomalous,

The results of postshot linac experiments were inconclusive,
However, at a peak dose rate of about
were observed.

3.8.5 Conclusions of the 7 and 8 November Small Boy TREE Working Group Meeting.
It was officially concluded at the 7 and 8 November meeting of the Small Boy TREE
Working Group that the diode detector is hard to at least The diode
detector, as used in the GAR 2A and GAR 4A systems, would be less vulnerable than
the amplifier and IR detector.

3.9 AZIMUTH NETWORK

3.9.1 Introduction. The azimuth network 1s an essentlal element
In"the Stellar inertial Guldance system ccontrol loop. It consists
of an RC filter, used to shape the frequency response of the loorp,
whose output 1s fed into a chopping circuit, The chopping circuilt
simulates a switch which would short out the output signal for
every positive half-cycle of the chopring frequency. The low-
frequency input signal 1s therefore transformed into a signal with
the original information but in the frequency range of 10 to 40
ke. The advantages in such a transformation allow the design of
a more efficlent post-amplifier and result in Increased loop
stability. A block diagram of the azimuth network and a typlcal
output signal are shown 1n Fieure 3,29. The fallure criterion
for the azimuth network is a

(Reference 12),

3.9.2 Circult Operation. In normal operatlon a 19.95-kc square
vave, 4.5 volts peak-to-peak, 1s used for the choprring signal.
Referring to the azimuth network schematic in Flgure 3.29, with
the chopping signal applied to the primary of the transforuer,
the transistor will be turned off for every positive half-cycle
of the chopping signal and will be turned on for every negative
half cycle. In the field test the 1input signal was simulzted by
a 30-volt battery. Under this condition, if a chopping signal
were applled to the transformer,the output voltage would be
aprroximately 1.9 volts when the transistor was turned off and
approximately 5 mllilvsolts with the transistor saturated. Since
the field test was required to be a statlc test, however, the
chopping signal generator was replaced with a resistor approx-
imately equal to 1ts source impecdance (20 chms). The dc equiv-
alent circuit for the azimuth netfwork under thils condition 1is
shown in Figure 3.30. The transistor emitter diode 1s slightly
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forward-blased and the collector dlode is reverse-blased, . Since
the bzse reslstance 1is large compared to the normal input imped-
ance of the transistor,the leakage current can be approximated by
considering the base lead open., On thils premise the leakage
current wlll be on the order of I,,. This estimate is probably
pessimistic due to the low voltages applied to the junctions.

The open-circult output voltage in this conflguration is approx-
imately O.4 volt, Because of the high source impedance the
transistor will saturate when the leakage current increases to
about 42 microamps.

3.9.3 Radiation Analysis. On an intuitive basis the primary
circuilt transient will be due to the transistor photocurrent.

In the design of the c¢ircult for normal operation, capaciltors

Cg and Cg were sclected to minimize the transilent response of

the chopping circult to voltage splkes produced in the chopping
process. The transient signal produced due to the transistor
photocurrent will therefore be minimized until the intensity of
the radlation 1s sufficlent to increase the photocurrent level to
saturation.
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When saturation occurs the emitter diode will become slightly
reverse-blased because of the high source impedance, and rather
than orerating in the true saturation reglon, the transistor will
be blased essentlally in the inverted region. The net result 1is
that almost no storage time results and output voltage will start
to return to 1ts original level as soon as the radiation pulse
ends,

The effect of the radiation on the passive components must be8
considered when the radiation intensity increases to about 10
rads/sec. The effect is especially important considering the
inherently low transistor response (0.4 volt maximum). No
analysis based on these effects 1s avallable at this time, How-
ever, the contribution due -5 the passive components would be
expected to be on the orde: >f hundreds of millivolts super-
Imposed on the transistor response at the maximum dose rate
experienced in the fleld test.

3.9.4 Discussion of Field Test and Pre/Postshot Experimentation.

The oscliloscope recordings from the diagnostic station are shown
in Figures 3.2, 3.4, 3.7, and 3.8, corresponding to Channels 3,
11, 20, and 26, The only channel which appears to hold any
significance 1s Channel 1l1. Although the peak amplitude of the
transient signal on Channel 11 is nct discernible, the duration
of the transient pulse appears to be less than 1usec. This will be
discussed, and is significant because 1t provides 1insight into the
real time hilstory of the translent in the azimuth network.

The positive and negative response characteristics of the azimuth
network at the four blooper stations are shown in Figures 3.31
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- and 3.32. At Pad A (2,800-feet), two blown fuses were recorded; one
- indicating a negative 0.6-v pulse and the other a positive 0.3-v
G pulse., As s*ated previously, the faillure criterion for the

. -azimuth 1s a

! Establishment of voltage amplitude criterion at '

ot and the fallure to meet the pulse width criterion, may be defer-
3 mined by referring from the azimuth network of the diagnostic

- statlon back to the transient disturbance. It 1s true that the
dose at the 2,800-foot station was approximately two orders of magni-

tude greater than that of the 5,700-foot station while the azimuth
network 1s dose dependent, However, experiments conducted at
Linac (dose 1000r) show that the maximum transient pulse duration
from the azimuth network is on the order of microseconds. With
these facts, the azimuth network can be considered insensitive to
a peak weapon gamma pulse of

Experiments conducted by other investigators with flash X-ray
and Linac verify the Northrop conclusion (References 1l and 16).

3.9.5 Conclusions of the Small Boy TREE Working Group Meeting. It was officially
concluded at the 7 and 8 November meeting of the Small Boy TREE Working Group
that the azimuth network i{s hard to at least

3.10 ARMA MINIATURE FLIP-FLOP

3.,10.1 Introduction., The ARMA flip-flop serves as a storage
element for one bit of digital information in a computer system,
Two output terminals are avallable and are used to represent the
information stored at one output, and the complement or opposaite
of the state at the other output. In other words, if the flip-
flop 1s set in the "true" state the output at Terminal A will be
at a voltage that corresponds to a logic "true" level, and the
voltage at Terminal B will correspond to a logic "false" level,
If the flip-flop is set in the "false" state the levels at A and
B will correspond to logic "false" and "true" respsctively. The
definition of true and false as well as the corresponding voltage
levels 1s completely arbitrary and need only be consistent within
the total system. The state of the flip-flop 1s manipulated by
applying positive pulses to the trigger input terminals. The
failure critericn (Reference 17) for the flip-flop is shown in

Figure 3.33.

3.,10.2 Circult Operation., A few definitions will make the
discussion of circuit operation considerably easier. Figure 3.34
shows the circult diagram of the flip-flop connections and addi-
tional components used in the field test. The flip-flop state in
which Q1 1s on and Qo is off will be defined as the "one" state
and the complementary state (Qg on and Q off) will therefore be
the "zero" state. It was assumed that the collector voltage of
the off transistor would provide the maximum transient output and
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therefore was the node to be monitored in the fleld test, The
turn-on sequence 1in the test circult programmer assured that the
flip-flop would be set in the "one" state and thus would satisfy
this condition. The node voltages and currents for the flip-flop
in the "one" state are shown in Figure 3.35.

With the flip-flop in the "one" state, a positive pulse applied
to the reset trigger input increases the base voltage of Qo.
Since Q, 18 blased close to the active region, the increase in
its base voltage results 1n an increase 1n collector current
which 1s coupled as a negative signal to the base of Q. Co is

a speedup capacitor to enable the rapid coupling of the collector
voltage changes to the base of Q. The quiescent base current of
Q1 1s much larger than that required to saturate the transistor.
Since Q; is saturated, the excess base charge must be removed
before the collector voltage will star: to rise. Once the collec-
tor current of Q; starts to decrease, the positive signal will be
coupled to the base of Qo. The process then becomes regeneratlve
and stops only when Qp 1s saturated. If the flip-flop 1s 1n the
vzero'’'atate and a positive trigger rulse 1s applied to the set in-
put, the same process will take place, resulting in the flip-flop
switching to the "one" state. A trigger pulse applied to the
base of a transistor already on (i.e., set input with the flip-
flop in the“one”state) will only saturate the transistor a little
harder temporarily and will not result in a change of state,

3.10,3 Radiation Analysis. The primary radiation-induced effect
on the p-flop 1s due to the transistor photocurrents. With

the circuit in the "one" state (i.e., @ on , Qo off ) the
effect of Qo 18 much greater than that of Q. The collector
photocurrent lnduced in Q, will not only appear directly as a
transient output, but may cause the flip-flop to change states,

A change of state will result only if Q; can be pulled out of
saturation, If the common emitter current
gain or Q1 is at least 50, less thani00ua base current is
required to keep Q1 saturated. To drop the base current to this
level requires a drop in the collector voltage of Q2 approximately
2.5 volts, or an increase in collector current of 2.7 ma. Since
Q2 1s initially blased close to the active region, the initlal
photocurrent will caus: forward-blasing of the emitter Junction
such that the peak transient collector current may be several
times larger than the initial photocurrent. A hypothetical
current distribution in the flip-flop at the verge of transition
is shown in Figure 3.35. Before the circuit will become regen-
erative, however, the excess stored charge in the base of Q;, due
to saturation, must be removed, This requirement establishés a
minimum pulse width for transition to occur as well as the ampli-
tude requirement previously established.

Very little 1s known about radiation effects on an initially sat-
urated transistor, However, it would appear, since only the
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v magnitude and not the polarity of the emitter and collector

- Junction barrier potentials have been affected, that photocurrents
exist and would tend to increase the excess minority carrier con-

. centration in the base., In this case, the amount of charge to be

i, removed from the tase of Q) is increased, making the requirement

z for a transition more stringent,

% At radiation levels of less than 109 r/sec, the contribution of
the other components should bhe small compared to the translstor
effects., Photocurrents from the trigger diodes will be in the

) direction to turn both Q and Q off, but the effect 1s negligible

N since the transistor output from the collector will basically
E‘ determine whether a transiticn will occur or not.

3.10,4 Discussion of Fleld Test and Pre/Postshot Experimentation.

As shown in Figures 3.3, 3.0, and 3.8 (Channels 8, 18, and 24),
F no change in state occurred in the flip-flop at the diagnostic
4

E

station location (5700 feet) at a peak dose rate of
The signal on Channel 24 1s due to system noise.

Data from the blooper stations are shown in Figure 3.36, Tran-
slent signals at the statlons corresponding to
showed that the levels were below the thresholds

for damage or system error (Figure 3.33). The two data points at
C and D (Fjguvre 3.36) which indicate the transient signal exceeded

respectively are not considered representative of a
change in state for the flip-flop for the following reasons: (1)
At dose rates as high as during pretest experimentation
a change in state was never observedj} (2) Stability of the flip-
flop has been found to be vulnerable to system nolse,

The field test results are consistent with both pre-and postshot S
laboratory simulation testing. No change in state of the flip- DRSS
flop occurred whieh could be attributable to radiatlon at dose :‘\"té}
rates as high as during pre-and post-fleld experimenta- -.:_«.{::j«::x
tion. Therefore, the flip-flop should operate without introducing ;:;-23-:'.-}&‘{
system errors at peak dose rates of at least from a -.-:xw'\'j\:h

weapon gamma pulse, -

3.10.5 Conclusions of the Small Boy TREE Working Group Meeting. It was officially
concluded at the 7 and 8 November meeting of the Small Boy TREE Working Group
(Ballistic Systems Division, Air Force Systems Command. Los Angeles, California)
that the flip-flop is hard somewhat beyond

RELTLAN
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TABLE 3.1 FIELD TEST SPECIMEN LOCATIONS

PAD BLOOPER S/N TEST CIRCUIT CARDS/N

Al T 14
A2 e 3
A3 8 16
Bl 6 22
B2 12 4
B3 4 20
B4 Rem Rand Not Applicable

Cl 15A 10
ce Little Feller Il Not Applicable
C3 11 2

Bunker 1 1 Dlagnostic T
Bunker 2 2 Diagnostic 19
Bunker 3 Doalmetry Not Applicable
Bunker 4 4 Diagnostic 6
Bunker 5 5 Diagnostic 1

Dl 15B 13
D2 14 11
D3 Little Feller Il Not Applicable
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TABLE 3.2 GENERAL SHOT DATA, SHOT “MALL BOY

Device

Yield

Date

Time of detonation
Burst Medium

Actual Height of Burst
Placement

Nevada State Coordinates

Surface Zero

Air Pressure at Surface Gz(Hg)
Air Pressure at Surface GZ(Mb)
Alr Temperature (°C)

Relative Humidity ( #)

Dew point (OC)

Surface wind direction/‘Velocityc/M
ph

14 July 1962

11:30 00.123 PDT

Alr

10 feet
Wooden Tower
N 747,907.43
E 717,118.39
Ground

26.67

904

31.7

16

2.8

225/06

L
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. Figure 3.1 Diagnostic and blooper station positions from GZ.
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FOUR
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OR
#1
OR
#2
Figure 3.12 Block diagram, IBM logic network.

?~-15v.

R, > 7.5K

PIOR”

1 -
AC .I { bv) ‘K— 5
INPUTS

Ov BOH
(-8v) CR;

coT—h—

-2v
{=5v)

DO Bl
INPUTS CR;

Ov EO"'——'H_.

(-8v) -lv CR

FO M- PUGLL, 4

"OR" R‘Z T7.5K

=15v.

Figure 3.13 Schematic, logic network.
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Figure 3.14 Simplified circuit diagram, logic network.

118

- v,;‘h , - 1\- AT ST A CR AR i I A GENT! .--'- LR CAT A Ot o

it :\' » ‘L -. AGS ""k ) ":\ 1:\[\3 s \,\_\ .\,\\'* D -""l"'%‘-'}:":' N f'"‘":" '3 :L” .’:J.'-ﬁ‘ ay W :;"

-\‘- ._‘_‘p '- 'h' i'- \ - -7..'\-." 1 »-)"\_'s' ) 3 7 *, '(“\ L ) N

w.\ y :\-~“ ' "\'}r BRSO A X4l ,"'
Aosh Y "N ; . LN T n N Mo

*» \‘-

o



BASE LEAKAGE CURRENT-pa
- 0 100 200 300 400 500 600

SATURATION == ™= = "'| ———

; ( !
i ' |
ul { l

|

-1

o |
'R l
1
g

S S B

-5

L)

A}

L N

"
[

-6 : FAILURE —

LOGIC NETWORK OUTPUT LEVEL - VOLTS

l',l' e, i
P

-8

%
e Figure 3.15 Output voltage versus base leakage current, logic network.

: ' 119 pages 120 through
5 122 deleted,

AL AT
“: N0 555

v A
it

I T T TR -~
ﬁiﬁ.&iﬂ.ﬁ\i DS AN _“:-s::-."' 13‘_;:4,4‘ AT




.n... e
e

ittt

-xanyiidureoad-aad ‘onewayog ¢I°¢ oIndrg

adND JSVDO o——-— H H + : 2 o
mﬂ TU L] me ", nAUv
l‘—l+ Sy £ .
AN J MM
~N o
] —e
W ' m w o
ly o) =it m.m
£ == In v— - Qe

,H.ZHOnm.HmN.H - ¢_
ILNndLno

€ a ey e oy o PP I
v r »
WL, P RN




AL A O 2 a6 s o i o aAS Rl e uiis JRaafer afia ol adibeaie sian ity T e g

(]
4
8 u
I =
ot
o % -+ no I“
0
o
O
2 J
||
&
>
X o
= = 2
= ‘ 3
Q
t-i 3
- P
o
- 4 3 o)
E E
. o]
I3 il 5
N -t
U "
E
2
>— VW 3
[t ]
& % §
A A g
-
o
., &
[+ 4 =4 a—
— A * ~d .
AAAN Ill
o X
130 pag:s 131 through
132 deleted
..._-_.‘-'..:.. —~C:--.—~ .‘;‘“ mate "7 v.(;‘ N 7 5 ";w AR ANV, ‘.\ "‘\- \".‘.} vv.

o
o

-*-

..r
RN 2\\ ‘\«ﬁ%‘% e
'-\. y\_;_ ‘ 'C 2 )

"?,-:'i::.l::';:%t\‘ ;;ii\c:-.m M&»&I 2




.‘ 'l ‘- n
rhh N

- S

[

INPUT

[

T

FILTER

e T dlete e ek e ek iar: B s fab P A an © caar el of
el ) o e e i SO R R il pledui SR i ol v

NN AL e afh st SR uCRLA g e and sl LIS N B¢ A Bl Sl d el Bl Al A !
= SRSV C TR o O
. :

CHOPPING
CIRCUIT

' _  CHOPPING SIGNAL

——:)TJTPUT ”Hﬂnl\q -t
— U

| |

Juuuy

— L

Ry =3.01k
R2= Sl k
Ry=5.6k
Rg =91k
Rg =12.1k

Rg = Ry = 22.1k

R, not specified
NOTE: e, and R, replaced by 30 v. battery in field test
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Cg not specified
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Figure 3.29 Azimuth network.
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CHAPTER 4

CONCLUSIONS AND RECOMMENDATIONS

4.1 GENERAL

The results of thls program prove that with extensive pre-field
testing, and by using the instrumentation techniques developed
by Northrop Ventura, valld data cun be obtained successfully in
the field. Correlation between simulation environments and
actual weapon environments appears to be valid within state-of-
the-art measurement techniques. Improvements in dosimetry and
more accurate component models for the radiation environment
should provide even better correlation.

4.2 RADIATION VUTNERAEILITY LEVEL FOR FEACH CIRCUIT AND METHOD
FOR HARDENING

4,2.1 Logic Circuit. The fallure criterion for the ioglc
circuit (1.8-v signal) was exceeded at approximately

At higher dose rates, saturation occurs, which would thereby
increase the computer "down time." The field test results are
in good agreement with laboratory simulation testing and pre-
liminary circult analysis.

By increasing the compensation current, or by changing to a
transistor with a higher collector to base breakdown vecltage,
the logic network can probably be hardened to without
sacrificing circult performance.

4.2.2 Pre-Preamplifier. The pre-preamplifier 1s hard to at

least Increased radiation hardness could be
obtained by matching the diode photocurrent to the transistor
photocurrent; however, this may not be effective at higher

dose rates. The fleld test results on the pre-preamplifier are
consistent with analytlical predictions and experimental data.

F I

——

4,2.3 Diode Detector. Although no failure criterion was estzb-
ilshed, the transient output at would cause a system dis-
turbance. However, the system would probably have already
failed due to more vulnerable elements. Additional hardening
could be achleved by selecting less vulnerable output capacitors.

4,2.4 Azimuth Network, The failure criterion of the azimuth

network was not met at a peak weapon gamma dose .
rate of Laboratory experimentation has proved that )
the falilure criterion was not exceeded at The tran- PRI
sistor 1s the most vulnerable component to consider if additional LAty ' _
A o ". b '
i Oty

»
(e 1 15
U
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hardening is required.

4,2,5 Flip-Flop. The fallure criterion for the flip-flop
Tchange-of-state) was not exceeded at No transi-
tion attributable to gamma radiation has been observed in the

laboratory at dose rates of

4,2.6 Remington Rand Thin Film Memory Unit. No permanent
damage or system fallure Is expected 1n thls type of electronics

L as a result of peak gamma weapon pulse of

{ 4.3 DOSIMETRY

The Northrop Ventura gamma dose rate measurement from the scin-
tillation detectors compares favorably with the predictions of
John Malik of LASL and with other measurements made in the field.
Dose rates indicated (with the NV scintillation detector) to be
higher than those predicted (after the prompt gamma spilke) are
largely attributable to fluor hang-up. Investigations on the
fluor hang-up are currently being performed. Neutron and gamma
dose measurements conducted by other groups in the fleld are in
good agreement with Northrop Ventura.

4.4 DIAGNOSTIC VERSUS BLOOPER TYPE INSTRUMENTATION

Although both types of instrumentation proved to be successful
during the field test, most data were obtained from the blooper
packages. However, this 1is attributable mainly to the fact that
the dose rate at the diagnostic station was near the threshold
level for most circults involved. Probably the most distinct
advantage derived from diagnostic type measurements is that both
the amplitude and time history characteristics of the test
specimens are obtained, State-of-the-art blooper techniques at
the time of the Small Boy event provided only amplitude type
readout; however, both amplitude and time readout techniques

now appear to be feasible.

In order to make a selection between the two recording techniques,
the purpose of the partlcular experiment must be examined. If
fallure criteria, in terms of amplitude and time, can be estab-
lished for the particular test specimen, and 1f the sole re-
quirement 1s to know if these criteria were exceeded, then
blooper readout techniques are more practical, If, however, exact
crharacterization of the time and amplitude response of a test
specimen i1s a prime requirement, and the number and/or complexity
of blooper readout circuits required to bracket these require-
ments becomes prohibitive, then the diagnostic or analog type
recording 1s more feasible,

It would appear however, that if analog techniques are to be
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pursued in any future weapon test, small, self-contained multi-

channel recording statlons should be utilized, rather than one
large permanent installation such as the diagnostic station. By
utilizing self-contained packages, they could be placed at stra-
tegic locations corresponding to several radiation levels, and
of more significance, the package could be recovered and used
for experiments 1n different areas.

4,5 RECOMMENDATIONS

It has been shown that reasonable correlation can be
attained between weapon results and laboratory results. There-
fore, as more fundamental information on circuit behavior 1is
obtained, 1t can be applied directly to the circuit behavior 1n

a weapon environment.

Based on data obtained on the vulnerability of the loglc
circuit, 1t appears probable that transient radiation effects on
additional circuits in the Titan digital computer could introduce
system errors, e.g., in timing circults and in low-level ampli-

fiers.

Future tests should be directed toward engendering and
substantiating present correlation factors for the weapon
environment and simulation environments.

A more realistic estimate of the vulnerability of the
Arma flip-flop in a radiation environment would be obtained from
an evaluation in a subsystem employing this circult.
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APPENDIX
PRE-FIELD TEST EXPERIMENTATION

A.l SCOPE OF LABORATORY TESTING

Extensive laboratory testing was conducted at the Northrop
Ventura 600-ki Flash X-ray facility, the General Atomlc Linear
Accelerator and the Sandia Pulsed Reactor Facility. The object-
ives of these experiments were:

(1) To determine the threshold of radiation response of the
associated test circuitry incorporated in the blooper and
diagnostic packages.

(2) To determine the expected responses of the circult test
specimens in the nuclear field environment, and theret; sl
establish required dynamic ranges for dlagnostlic and blooper Y
instrumentation.

(3) To determine the ability of the above simulation facilities
to provide TREE response results by comparison with actual
weapon pulse radiation field test data.

(4) To determine the influence of weapon neutrons on the tran-
sient response of the test circuilts.

(5) To determine whether the test sample circults were sensitive
to gamma dose, dose rate, or both at gamma dose rate levels
characteristic of a nuclear detonatlion.

Three Linac experiments, one SPRF experiment, and several Flash
X-ray experiments were performed. Efforts were concentrated on
minimizing extraneous cable and air ionlzation effects from both
the test circuits and assoclated monitoring equipment, Character-
istic input and output terminations were connected and cathode or
emitter followers were utilized in some cases. The radlation
tolerance levels for the assoclated blooper clrcultry were de-
termined, to ascertain the shielding requirements.

[t should be reiterated that the primary purpose of these exper-
iments was to obtain qualitative data on the response of the
test specimens so that voltage levels for the blooper packages
and dlagnostic station could be set. Although the data spread
was large for some circults, it did provide the basis for pre-
dicting the test circuit response in the flield with reasonable
confidence. Wide variations in the response of the individual
test circuits of the same type (due to actual differences in
"identical" components) accounted for some of the spread in data 28
points. o
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A.2 EXPERIMENTAL FACILITIES

A.2.1 Linac Experiments.

Linac experiments were performed to determine the test-sample
circult response at dose rates between The

l high dose rates were achleved by direct exposure to pulses of
27-Mev electrons. Lower dose rate measurements were made with 6-
Mev X -rays. Pulse widths for all experiments were between

| The dose rates were generally calculated from the calorimeter
data provided by General Atomic. During the second Linac exper-
iment (6.0-Mev X-rays) the dose rate calculated from the cal-
orimeter temperature rise was an order of magnitude higher than
J calculated froman NV wLi.otodiode A subsequent experiment was
performed under essratia.ily identical conditlons to resolve this
! discrepancy. The dose rate measured with the photodiode was
consistent with the previous experiment within experimental un-
certainties. The calorimeter (copper block and thermistor) meas- D SO
urements in thls subsequent experiment indicated approximately an -f}unﬁf‘{
order of magnitude lower dose rate than for the previous experi- i o
f ment, and thus agreed with the photodiode results.

The specific test specimens and experimental conditions for the
three Linac tests were:

Linac la. Irradiation (28 - Mev electrong) of mercury
cells, cathode followers, emitter fcllowers, and the pre-preamp-
lifier at dose rates from

Linac 1b. Irradiation (6-Mev X-rays) of cathode followers, emit-
ter followers, and pre-preampliflier at dose rates from

Linac 2. Irradiation (6-Mev X-rays) of the azimuth network, pre-
preamplifier, diode detector, and flip-flop at peak dose rates of

Linac 3. Irradiation (28-Mev electrons) of cables, logic net-
work, azimuth network, pre-preamplifier, and diode detector at
dose rates between

A.2.2 SPRF Experiments.

Experiments were performed at SPRF to determine the transient
response of the test circults 1n a mixed neutron and gamma envi-
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ronment. Variations in the neutron-to-gamma ratio ‘(lead and paraf-
fin shielding) were used in an attempt to differentiate between
the relative translent effects due to the neutron and gamma
components. Qualitative data were obtained on most of the test
circults evaluated.

An experiment was performed to determine the relative sensitivity
of the NV scintillation detector to neutrons and gamma radiatlion.
Although the fast—-neutron sensitivity was found to be important,
the detector could be used for the fleld test measurements at

5700 feet because of' the 25 usec neutron time of flight. The scintil-
lation detector was also used to monitor the shape of the SPRF

radlation pulse.

Four significant phenomena were observed during the SPRF experil-
ment : 1) the positive and negative response of the pre-
preamplifier was observed for the first time; (2) the tran-
sient response of some test circults was found to decrease with
increased neutron dose; (3) dose dependence of the azimuth net-
work and the diode detector responses was confirmed; (4) tran-
sient signals induced in the cables changed polarity by varying
the neutron-to-gamma ratio.

A.2.3 Flash X-Ray Experiments.

Several experiments were performed on the test circults, cables,
and blooper packages at the NV flash X-ray. The maximum dose
rate was Pose rate
measurements were made with the NV photo-diode.

A.3 EXPERIMENTAL RESULTS
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A.4 CONCLUSIONS
; The results of the pre-field test experimentation show that e\en wisia the
! short time frame involved, qualitative data were obtained. The validity of the data
5 was verified during the field test as discussed under Chapter 3. Had additional time

been available, more refined experiments could have been performed, thereby re-
ducing the spread in data. However, most of the spread in data is probably attribut-

! able to dosimetry and to the normal experimental errors encountered during radia-
B tion testirg.
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Washington.
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16. Soelng Internal Report 2-5471-3-157 (Revised), dated 6 November 1962; The

Boeing Company, Seattle, Washington.
Roosevelt Field, Garden

17. Arma Division, American Bosch ARMA Corporation,
Northrop Corporation,

City, Long Island, New York; Letter to: Northrop Ventura Division,
Newbury Park, California; BSCA 431-C4526, 5 June 1962.
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