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ABSTRACT I V V„.'>,, ' 

Project 7.1.^ Small Boy of Operation Sunbeam was conducted to 
obtain data on the transient response  ol" 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,  corresponding to four decades of gamma 
radiation Intensity,   to determine whether the output transients 
in these  circuits exceeded preset  threshold levels during  the 
test.     Additional diagnostic  Instrumentation was provided at one 
location  to obtain pulse shape  Information on the circuits,   gamma 
dose rate  time history,   and analog data on circuits which exhibit- 
ed long  recovery times.    Extensive  pre-and post-shot laboratory 
experiments were performed to determine response dynamic  ranges 
and to  ascertain the validity of  simulation testing for oredict- 
ing circuit response In an actual weapon environment. 

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

•«" i • • ■ 
'* V Vr-- 'A 

^ 

K^ 

Tbf^ee results indicate that field test data are consistent with 
the  combined experimental and  theoretical predictions.     The 
extensive pre-and post-laboratory simulation testing conducted 
by Northrop Ventura,  and the circuit response predictions per- 
formed by both Boeing and Hughes have  supported the validity of 
the  field test results. mi 
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PREFACE 

This report was prepared by Northrop Corporation, Northrop 
Ventura Division, under Air Force Special Weapons Center con- 
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and W, Parker. 

The AFSWC Project Officer from February 1962 through A'igust 1962 
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completion was TSgt. Paul J. Sykes, Jr., USAF, both of the 
Physics Division, Research Directorate.  The Ballistic Systems 
Division Project Officer was Capt. Kenneth L. Gilbert, USAF, 
Special Projects Office, Directorate of Guidance 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, FOIR-2239, was published 
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submission of this final report. 
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Hughes Aircraft Company; W. D. Miller, Remington Rand-Univac 
Division, Sperry Rand Corporation.  Particular recognition is 
due Dr. G. L. Kelster and his staff of the Nuclear and Space 
Physics Department, Aero-Space Division, The Boeing Tompan/; 
Mr. J. E. Bell and his staff of the Nucleonics Department, 
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field results and In producing this final Project Officers 
Report. 
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CHAPTER 1 

INTRODUCTION 

1.1 OBJECTIVE 

The objective 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 circuit 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 Air Force 
Ballistic Systems Division required that all guidance systems 
under development for ballistic systems must survive 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- 
cuits contained in typical ballistic missile systems. Threshold 
data could then be correlated with circuit 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 Initiated, no 
detailed experimental data were available on the effects of actual 
weapon nuclear radiation environments upon electT'-nic components 
and circuits. 

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 guidance computer; the Remington 
Rand/Unlvac thin film memory unit for the advanced Titan system; 
and the GAR-2A and 0AR-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 valid because the prompt gamma pulse shape 
in the region of the peak dose rate is not appreciably changed 
by the presence or the atmosphere. 
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The  Air Force  (through the  Air Force Special  Weapons Centei} has 
conducted a growing program to Investigate and predict the effects 
of pulse nuclear radiation on electronic  systems and components. 
Currently AFSWC has the following agencies under continuing 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 vulnerability of electronic  systems and components, 
and (3) providing techniques for designing electronic  systems 
hardened against transient radiation effects. 

- F » t ■. 
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1. 3     THEORY 

Gamma or X-radlation inci 
electronic circuit produces excess charge carriers 
components and in the  surrounding media.     The main 
due to the Compton and photoelectric effects,   which 
getic secondary electrons In and around the irradia 
Some of the energetic  secondaries escape from the i 
device and in turn some of the energetic secondarie 
the surrounding media are incident on the device, 
carrier injection In an irradiated material is the 
processes. 

dent on an 
in circuit 
processes are 
produce ener- 

ted material, 
rradiated 
s produced in 
Thus,   the net 
sum of these 

The effectiveness  (atomic cross section) of the Compton process 
Is 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 Is greatest at 
low energies and in materials with large atomic number. 

Competing with the charge carrier production are the processes 
of recombination,   trapping,   and removal at electrodes connected 
to the component irradiated.     If the injection 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 
the Injection occurs over a time span long compared with the 
characteristic removal times,   the device will achieve a dynamic 
equilibrium condition,  with conductivity Increased by an amount 
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proportional  to  radiation rate and inversely proportional to 
carrier removal  rate.     The  responses of devices  in cases inter- 
medidte to these extremes will depend markedly on the detailed 
time history or 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 
electronic  components are affected by gamma  Irradiation,   the 
largest transient effects generally occur in  semiconductor de- 
vices. 

Most dielectric materials have low atomic  number,   and the carrier 
mobilities are low,   so that photocurrents per unit dose rate are 
quite  small.     Nevertheless,   the relative changes in conductivity 
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 mobility 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 is efficient,   carrier mobilities are large,  and recom- 
bination Is relatively slow.    Small minority carrier density 
changes may produce large changes In the operation of diodes and 
transistors,  and trapping of majority carriers are not allow- 
ed to flow off through a low-impedance external  circuit. 

Although the exchange of energetic  secondary electrons with the 
surroundings was mentioned above as part of the Injection process. 
It should be noted that this is an especially difficult part of 
the radiation problem to analyze since it depends In a complex 
manner on environment,   sample size,  and geometry,   as well as on 
the nature of the Incident radiation.    It Is probable that the 
main effects In vacuum tubes are due to secondary emission cur- 
rents. 

Neutrons produce permanent changes in electrical and mechanical 
properties of materials as well as causing lonizatlon,  although 
the latter Is appreciable only in materials with low atomic num- 
ber.     Since  the main concern in this project     was with effects of 
gamma radiation,   neutron effects will not be discussed here ex- 
cept to note that reduction of the Integrated flux to less than 
IcAl nvt by proper shielding should prevent  significant perma- 
nent damage to most,  if not all,  electronic  components. 
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1.4     DESIGN OF EXPERIMENT 

Assuming a (fission)  device detonated 10 feet above 
ground,   circuit test location? were selected for dose rates of 
approximately However,   Snail Boy was 
later changed,  after the instrumentation pads were installed,   to 
a ilevice of approximately yield.     New 
estimates of the nuclear environment predicted at the  station 
locations were obtained from Major Byron  H,   Shields,   Program 
7 Director, 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 calculations,   since the burst was only ten feet 
above ground level.     In Reference  1  it was estimated that  the 
total ther.nal ladlation could be calculated from the following 
equation: 
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Where: 

Q 

Q 

Q 

2.6 x io11Cal/kt x yield in kt 
1.168 x  10^ cm2/ft2 x R2 

thermal exposure, cal/sec 

(1.1) 

The times of air shock arrival and peak overpressure versus dis- 
tance were derived by Sachs scaling of the surface burst curves 
Slven in Reference 2 to a yield of    and to an altitude of 
200 feet (NASA standard atmosphere). 

Estimates of the electric and magnetic fields 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 

W =  4.55 x 10"5 a exp ^25 [l-exp (-0.1254a 

Where:    W =  yield Mt 

a =  effective radius, kilometers. 

3}    a-2) 

•.v v. 
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HMMH 

For the Small Boy event, a was approximately 
feet.    At distances less  than it was expected that 
there might be large electric lields of 
sufficient size to produce electrical breakdown in TFie ionized 
air.    The electric fields for distances outside this region 
were estimated from the following equations: 
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Where: 

Emax 

Emax 

a 

R 

3.000 a        i   .  (a)' (a)' (1.3) 

= peak electric field, volts/meter 

= effective radius^, 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: 

Where: 

R 

W 

'100 W 
R5 

exp. (-2 .5R")1
0

- 43 (1.4) 

= horizontal component, oersteds 

= distance, kilometers 

= yield, Mt 

The „axlnmn. rate of change of the magnetic field was estimated 

from the relationship: 

dHMax -   iob ^ 
(1.5) 

Where: 
Hmax 

t 

ax 

= magnetic field 

. time, seconds 

Fallout doses were estimated using TM-23-200 (Reference 4), The 
ground shock parameters were taken from Erode's report (Reference 
5) on protective construction. 

Table 1.1 summarizes the predicted environment at each station 

location. 

The blooper and diagnostic stations on this equipment were 
designed to reduce all associated weapon environments such as 
thermal, blast and EMP, to below damage-threshold levels for the 
circuits 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 öf each package were shielded with 
lead and berated 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 available, it is possible to Justify 
the reliance on a simple, closed, conducting box for electromag- 
netic shielding 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 Vi inch thick, the penetration is small 
for all frequencies above the audio-frequency range. Electric 
field components at frequencies below this range also should not 
penetrate (an application of Gauss's theorem); this is especi- 
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 especially sensitive 
to magnetic fields are used, these field components should not 
cause any difficulty. 

«   i  ■   ■ i i 

■, •» vT-, 

18 page 19 deleted. 

kv. v <*<•'. s-- •.■".■■• ■ •••"■•■ ■- v.-y -A^V.-■■>/• ////,<?rV->v.^>^'V-^ 

m 
^*>i 



^mmmm •*■* IJ-».!1^1!!1, ̂ ^^^^^^^V^T^^^^^^^^T^^T^^^w^^ wwnr^Tn 

CHAPTER 2 

PROCEDURE 

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: 

a. 

b. 

IBM Logic Circuit.     Used Ir   the General Motors/A.C. 
"' guidance computer. 

Transistor Pre-Pre-Air.;: ilfier.     Used In the  General 
Precislon/Kearfott  eceilar-inertial guidance unit. 

Diode Detector Circuit 
the  GAR-2A and GAR-4A. 

Typical of circuits used in 

d. Azimuth   Network  . Used for control  loop 
compensation m the General   Precislon/Kearfott  stellar- 
inertial guidance  unit. 

e. Miniature Flip-Flop.     An American-Bosch-Arma design 
used in the General Precislon/Kearfott guidance 
computer. 

In addition to these five circuits a Remington Rand-Unlvac Thin 
Film Memory Unit was exposed to a dose rate of approximately 
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2.1.2    Remington Rand-Unlvac Thin Film Memory Unit.     A Remington 
Rand-Unlvac  self-contained package containing a thin film memory 
unit,   with associated monitoring circuitry,  was Installed at  the 
4,800-foot pad. A similar memory unit had previously been tested in 
laboratory simulation experiments,  without effects.    None of the 
semiconductor circuitry had been included in the previous  labora- 
tory experiments.    The package for the Small Boy experiment 
Included semiconductor circuitry,   so  that  (l)  the film memory 
could b'   tested under actual weapon environments for correlation 
with laboratory results,   and (2)  the principles of circuit  design 
for radiation hardening could be evaluated from the results of 
the performance of the  semiconductor circuitry. 

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/Port 
Worth at Fort Worth,  Texas. 
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2.1.3     Expected Circuit Response.     Table 2.1  Indicates  the 
location of each test  specimen for the  Small Boy  event.     Based 
on test  circuit  responses during pre-fleld test  laboratory experi- 
mentation,   the expected circuit  response for the Small  Boy nuclear 

environment  Is given In Table 2.2.     The pre-fleld test 
experimentation Is discussed In the Appendix. 

2.2     INSTRUMENTATION 

2.2.1    Blooper Stations.    Past pulse measurerrent of the selected 
guidance and control circuits on an economically feasible basis 
required that  special  instrumentation be developed.     The measure- 
ment  concept  required a      multichannel  system,  completely self- 
contained,  which could detect low-level voltage  transients pro- 
duced by pulse gamma radiation in the circuits 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 detection.     The threshold detection system would enable 
a single channel to detect  a transient whose amplitude  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 circuits 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  impedance 
to drive the following detection circuits through a coaxial  cable 
without loss of fidelity.     Since the system was battery powered, 
emitter followers  (Figure 2.1)  were used for the low-output 
impedance test circuits.;and cathode  followers  (Figure 2.2)   were 
used only for the high-impedance diode-detector test circuit. 
Trlaxial cable was used between the test-circuit outputs and 
isolation-circuit Inputs.    Because the conventional connection 
of the trlax caused unstable operation of the emitter followers, 
the  trlax was used with the inner shield floating and connected 
as a coaxial cable.    This eliminated the emitter follower 
stability problem. 

To assure uniform channel sensitivity over a wide range of Input 
pulse widths,  pulse-stretching circuits  (Figure 2.3)  were used. 
These  circuits 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 wide-output pulse assured 
dependable triggering of the threshold detectors.    The schematic 
for the threshold detector Is  shown in Figure 2.4.     When the 
input pulse exceeded a preset level,   regeneration occurred within 
the comparator circuit which turned on the dynaquad latching 
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circuit.     The  dynaquad then blew the  fuse.     Fuse  readout  elements 
were chosen because of their absolute  irreversibility. 

In 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 typi- 
cally lower by a factor of two. 

Additional  circuitry was provided to  Insure proper sequencing  of 
power application and to protect the dynaquad fuse circuits 
against false signals after the shot.    These are shown in Figures 
2.5 and 2.6.     The  schematics  for the  Small Boy Instrumentation 
programmer and test  circuit programmer are  shown in Figures 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 n event,   two blooper packages 
(Figure 2.10)   which had been exposed in the earlier Little 
Feller II 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 guidance and control  circuits.     Special 
circuits were  designed around these transistors and diodes  to 
provide operating    biases and Impedance  isolation.    The circuits 
(Figures 2.11  and 2.12)  were well-shielded and only the  specific 
transistor or diode  test  specimen was exposed to  significant 
levels of prompt gamma radiation.    These packages contained 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, 
1N457 silicon diodes and NS382 silicon logic diodes. 

2.2.2    Remington Rand Experiment.    The Remington Rand-Unlvac 
package  is  shown in Figures 2.13 and 2.14.     The  drive circuits 
for the  two memories  (DR0 and NDR0),   the memories  themselves, 
the sense amplifiers,  and a readout register were located above 
ground in the radiation field.    The timing circuits,  clock and 
control  circuits,   address register and counter,   error check 
device,   and a logic matrix for control of the error check device 
were  located below ground in a magnetic- and radiation-shielded 
well.    Design for the well and shielding was the same as that 
used in-the blooper packages. 

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

Each fuse blown corresponded to a point  of failure in the  system. 
Moreover,   the pattern of fuses blown in the array served as a 
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check on the source of failure In the system. For example, 
the fuse corresponding to.current generator output blew If the 
output was too low. Too low an 'output would fall 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 
failure and the cause as loss of gain In the generator transis- 
tors. In essence, any drive-circuit failure was shown as a 
failure of all the drlven-blt positions In an address, plus a 
driving-point failure. Any sense-circuit failure was shown as 
an Individual blt-posltlon failure plus an output-point failure. 

All circuits to be tested were potted In bulldlng-bloclc form and 
assembled Into standard modules. There were two modules, plus 
the memory pack, above ground. A third module, together with 
several printed circuit 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:  (l) 
Dlverter Driver, (2) Dlverter, (3) Current Generator, (4) DRO 
Magnetic Film Memory, (5) NDRO Magnetic Film Memory, (6) Bit 
Driver, (?) Sense Amplifier, (8) Strobe, (9) Readout Register. 

The circuits in the underground control and error checking 
system Included:  (l) Clock, (2) Timing, (3) Counter, (4) Address 
Register, (5) Error Logic Matrix, (6) Error Indicator. 

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

The addresses not used for readout were located with Information 
for a static Information "disturb" test. 
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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 associated circuits for oerformance In a weapon 
nuclear radiation environment. 

The device contained 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 \i sec. Two "zeros" and two "ones" were 
stored in each word.    The words were Interrogated sequentially, 
alternating from NDRO to DRO,   and the output from each bit of 
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each word was checked for errors, 
for proper operation. 

Certain circuits were checked 

Included in the memory stack were four NDRO planes which were 
not operated but  contained a preloaded pattern.     The  contents of 
these planes were  checked 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.  Figure 2.15.    Figure 2,13 shows the 
physical location of the various modules.     The  control module 
was located below ground,   shielded from radiation.     Not shown on 
the block diagram is a mechanical timer for turning the unit on 
and off,  and a battery power pack. 

Control module circuits included an oscillator,   one-shot multi- 
vibrators,   and inverters.     These made up a two-bit  counter to 
provide the memory address,   and a timing chain to  supply all 
necessary timing signals.    The control modules,which also con- 
tained all the 
are described 

le circuits used for error checking and indication^ 
i later. 

The word-selection module  contained two  current  generators — one 
for each memory plane—controlled by the low-order bit of the 
address  register,   and two Jiverters controlled by  the high-order 
bit.    These circuits  drove a 2 x 2 diode tape-core matrix which 
supplied current to  the selected word. 
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In the memory stack,   the components for the 2x2 diode tape- 
core matrix were located on one end of the memory planes.    The 
magnetic film memory elements and the associated drive and sense 
conductors made up  the remainder of the memory plane.    The planes 
were wired together and installed within a magnetic  shield. 

In the  sense amplifier module,   the four sense lines used in each 
memory plane were connected to four sense amplifiers.    Each 
amplifier had two inputs—one NDRO and one DRO,     Each amplifier 
output set a flip-flop in the readout register if a "one" was 
read.    The two DRO bit drivers located in this module were used 
for restoring the  "on(=s"  in the DRO "one" bit  lines.     This module 
also contained several extra sensing circuits  whose operation 
was checked with dummy input  signals. 

In the error indication circuits,   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 
diode matrix shown in Figure 2.14.     One of the  transistors on 
the address side of the matrix was also turned on,  corresponding 
to the state of the address register.    Thus,   sixteen intersections 
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of the matrix each represent a film element In the memory. 
Should a film element be read incorrectly, the transformer at 
the corresponding intersection would be enerzlzed.  The transform- 
er drove a silicon-controlled rectifier (SCR; which had a fuse for 
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 if 
word current was present. The output of this flip-flop was then 
checked and indicated in the same manner as described above. 

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

Since the active readout circuits could not be checked directly 
for proper operation, similar circuits with known Inputs were 
added.  If one of the active circuits was affected by radiation, 
it was probable that one of the dummy circuits would also be 
affected in a similar way. Included were two complete extra 
sense amplifiers—- one with a dummy "one1 input signal and one 
with no input signal or "zero" — and two extra strobe circuits 
(output portion of the sense amplifier) also with dummy "one" 
and zero" inputs. An extra flip-flop was also included in the 
readout register and was reset by a timing pulse during each 
cycle. 

The outputs of these five sets of circuits were compared to the 
state that would be correct if no malfunction occurred.  If a 
malfunction occurred, the proper fuse was blown, as before, using 
the circuit of Figure 2.14. 

All the checks described thus far were checked for improper 
operation only.  One check for proper operation was included and 
consisted of a circuit to blow a fuse if a particular timing 
pulse was present.  If this particular fuse blew because the 
timing pulse was present, it was an indication that the power 
was turned on, that at least part of the unit was operating, and 
that the unit was ready to indicate errors. Any malfunction which 
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 Diagnostic Station. The diagnostic In 
bunicer was equipped with an air-conditioning 
adequate interior temperatures. The electric 
refrigeration compressor, coolant pumps, and 
located in a remote dugout (Figures 2.17 and 2 
water was circulated to the bunker through pi 
bunker the coolant w . circulated through a s 
An air-circulation fan drew warm air into the 
whence it was exhausted back into the room at 

strumentation 
system to maintain 
al generator,. 
heat exchanger were 
.18).    Refrigerated 
astic pipe.     In the 
econd heat exchanger, 
heat exchanger from 
a lower temperature. 

The power for the diagnostic station was provided as  follows: 
A 50 kw 240 vdc   dlesel engine generator was connected to a motor 
generator  (MG)   set which in turn provided a regulated output of 
117 volts, 60 cycles for  the diagnostic  instrumentation.     Prior to the 
actual test,   the diesel engine generator was  removed and  the MG 
set  (35kw)  connected directly to  a bank of batteries which pro- 
vided do   power to the  MG set.    The batteries were charged using 
the 50-lcw diesel engine generator. 

The battery room shown in Figure 2.34 consisted of l60 batteries, 
8 banks of 20 batteries each delivering a total of 240 vdc 
(~ 35 kw ).    The batteries were fully charged before  final button- 
up operations.    At H + 2 minutes all power was turned off by the 
programmer. 

The diagnostic monitoring equipment consisted of 17 
oscilloscopes  equipped with cameras to record transient pulses. 
Tektronix 585 and 555 oscilloscopes were used since  they offered 
the necessary one-shot triggering and the required use-time 
characteristics.    The  sweep speeds selected were 50 nanoseconds/ 
cm to 2 msec/cm with sensitivities of less then 5 mv/cm.    The 
rise times of the 585 and 555 oscilloscopes are 3.5 nanoseconds 
and 12 nanoseconds respectively.    The sweep speed and sensitivity 
for each test-circuit  channel were selected so that an overlap 
in time and amplitude was achieved.    The voltage levels and 
sweep •speeds  for the  oscilloscopes are given In Table 2.3- 

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

Gamma Dose  Rate.     Six sclntlllatlon-type gamma detec- 
tors,   each consisting of a Pilot-B plastic  sclntillator fluor and 
ITT FW-11^ planar photodlode,  were used to record gamma time 
history.  A 2300 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 spike.     Detectors    4 and    5 were used 
to measure the dose  rate out to lOusec and lOOvisec, respectively. 
Detector    6 was  used to determine  the  time-integrated dose out 
to about 10 msec. 

;«    4 

Gamma Dose.    Four types of gamma dosimetry were utilized: 
Edgerton, Germeshausen and Crier (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 104r.   The two types were used together 
to give double data points at most locations.   Film 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. 

r:--:>:>:■?. 

Neutron Exposure.  Standard EG&G    packages of geld 
foil, cadmium-covered gold foil and sulphur pellets were used for 
integrated neutron exposure measurements.  In addition, EG&G 
boron-bomb fast-fission foils were used at Pads 52b.12 and 
523.13, where the neutron dose was sufficient to produce measure- 
able activation.  The thresholds for the respective foils were 
Au - Au Cd, thermal neutrons, E >0.025 ev; PÜ239, E > 10 Kev; 
Np237, E>0.75 Mev; U238, E>1.5 Mev; and S32, E>3.0 Mev. 

2.3  INSTALLATION AND CALIBRATION 

2.3.1  Blooper Station Circuits 

Installation 
Figure 2.21. 
features: ( 
package, the 
radiation; ( 
the rear of 
it could be 
cults were i 
doses to wel 

The blooper pacKage installation is shown in 
Prom tne viewpoint of packaging and installation 

1) the test circuits were mounted at the top of the 
side with the greater area facing the incident 

2) the low-impedance battery pack was installed at 
the upper cenpartment for ease of access and where 
partially shielded; (3) the  semihard isolation cir- 
nstalled below a lead shield to reduce the gamma 
1 below response threshold levels (~ 10^ r/sec gamma 
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dose rate)  at the pad nearest ground zero;   (4)   the recording 
circuits were Installed below additional lead and borated 
polyethylene shielding,since they were more radiation sensitive 
than the Isolation circuits;   (5) the electromagnetic shield con- 
sisted of the lower steel box above the pad cover plate and the 
steel lid clamped tightly to the box with a steel-wool  gasket to 
minimize the reluctance of the Joint and provide low-resistance 
electrical connection between the box and lid;   (6) the  dosimeter 
cup was located in close proximity to the test circuits;  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.    Details of the blooper packages and shielding are 
shown in Figures 2.22 through 2.25. 

Calibration.       Preshot calibration of blooper packages consisted 
of checking the electrical performance of each channel and adjust- 
ing the channel sensitivity to the desired level.    The  electrical 
checkout included checking all power-supply voltages provided by 
the instrumentation and test-circuit programmers,  checking both 
programmers for the proper turn-off, and turn-off power sequencing, 
and checking all circuits for satisfactory operation.     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  sensitivity 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      calibration consisted of recording the threshold levels 
on each comparator and rechecking the sensitivity of each channel. 
A cursory examination of the recorded thresholds before and after 
the test showed consistency 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 
essentially uniform for pulses whose width was at least 0.3 usec 
as shown in Figures  2.26 through 2.28. Isolation-circuit 
performance as a function of test-circuit driving impedance was 
also checked on a sample basis. 

From the information determined during blooper calibration^ 
reliable operation was expected for input pulses ranging in 
amplitude from 300 mv to approximately 9.0 volts depending on 
the particular channel Involved.    The lower limit 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 obtain the input levels quoted above.    The 
data obtained during calibration on input level sensitivity as 
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a function of pulse width showed no particular change in sensi- 
tivity for pulses longer than 0.3 u sec. Successful trigger- 
ing was obtained at pulse widths as narrow as 40 nanoseconds 
although the  Input voltage level  required to  trigger was consider- 
ably increased.     No investigation of pulse widths  less than 40 
nanoiäe-onds was  :orducted due to limitations in the pulse genera- 
tor. 

2.3.2    Diagnostic  Station. 

Installation.     Cameras were installed on the oscilloscopes to 
record the  data, as  shown Ir. Figure 2.29.     A trigger generator, 
in response  to a scintillation detector signal,   drove the oscillo- 
scope trigger circuits  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 required 
to operate  the cameras,   recorders and power equipment during the 
shot,   since  the bunker was unmanned.     The program was initiated 
by either a -30  second or a -5  second range-timing  relay.     The 
block diagram for the programmer is  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 noise into the bunker by the cables.     The timing 
relays and guillotine  control box are  shown in Figure 2.32. 

A typical coaxial cable installation between the diagnostic 
package and the bunker instrumentation is  shown in Figure 2.33. 
Additional views of the circuit monitoring equipment  and power 
generator are shown in Figures 2.34 and 2.35-    The block diagrams 
for the diagnostic instrumentation and power supplies are  shown 
In Figure 2.36 and Figure 2.37  respectively. 

A ground view of the diagnostic  station is  shown in Figure  2.38. 
A detailed cross sectional view of the diagnostic package is 
shown In Figure 2.39.     A closeup    view of the Installation pack- 
age  shielding is  shown  In Figure 2.40. 

Calibration.     Tektronix Type 555 oscilloscopes with Type K or L 
plug-ins were used for measuring voltage amplitude and waveforms 
generated by a Rutherford Type H7B pulse    generator during the 
:allbration procedures.     All voltmeters used during calibration 
had a sensitivity of at least 10,000 ohms/volt and an accuracy 
of + 3 percent. 

Diagnostic circuit packages were calibrated in the field labora- 
tory before installation.    After installation,  pulses were in- 
jected at  the  test-circuit output terminalSjand oscilloscope photo- 
graphs were obtained showing the channel  responses.    The channel 
calibration levels are given in Table 2.5. 
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Bunker instrumentation was  calibrated per manufacturer's 
specification upon Installation and periodically checked.    Drift 
calibration was obtained by recording the base lines on the 
oscilloscopes while on external power,  then on battery power at 
H-3 1/2 hours,   and finally while on batteries at D + 2.     (No 
drift was observed during this period). 

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

amplifiers. 

2.3.3    Dosimetry 

Installation^    Scintillation Detectors.    The six scintillation 
detectors were installed In diagnostic    package hole No.  3»as 
shown in Figure 2.41.    Detectors Nos.  1 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 lisec.,   10 usec.,   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 
inside 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 in 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 llne-of- 
sight to ground zero. 

Neutron Dosimeter.    Neutron dosimeters were installed in the 
aluminum cans containing the gamma dosimeters.    The planes of 
the sulphur tablets and foils were perpendicular to llne-of-sight 

to ground zero.    The gold and gold-cadmium foils were installed 
on opposite ends of the gamma chemical dosimeters upon EG&G's 
suggestion. 

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

At the test site,   scintillation detector electronics channels 
were calibrated 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 light 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 
directly.    Figures 2.42 and 2.^3 are representative of the cali- 
bration recordings. 

After the  field test,   the scintillation detectors were calibrated 
at the EG&G,  Santa Barbara,  Co&0 Pacility.    This calibration was 
used in the final results discussed below. 

: m 

Co. •. •»,»j 

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 supplied,   calibrated 
and read by the Signal Corps  (R. G. Saelens). The glass rods 
were packaged in groups of three in polyethylene containers. 
Ultrasonic  cleaning and extreme care in handling the glass rods 
gave a readout      accuracy of approximately  10 percent. 
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Neutron Dosimeters.     The  sulfur pellets,  gold foils,  and 
cadmium-covered gold foils were supplied,   calibrated,  and read 
by EG&Q,   Santa Barbara.    The fission foils were loaned for use 
in Project 7.1.^ by Dr.   L.  J.   Deal,   Acting Director of the Civil 
Effects Test Operation of the AEC Division of Biology and Medi- 
cine, Washington, D.  C.    These fission foils were calibrated and 
read by EG&G. 
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TABLE 2.3  DIAGNOSTIC OSCILLOSCOPE SETTINGS 

-• M aa f-^ 

Li 

■:-:-:^; 

Scope 
Number 

Channel 
Number 

Horizontal 
Sweep Speed 

Voltage 
Sensitivity 

Base Line 
Offset 

Meaaurement4 Dlagnoatlc 
Package 
Number 

MB/C-J volte/cm pet 

1 
1 

1 
2 

10 
10 

1.0 
1.0 

25 
75 

Oct. 2(+) 
Girt. 2(-) 

1 
1 

2 
2 I 1.0 

1.0 
0.1 
0.02 

75 
0 

Ckt. 3(-) 
Oct. 5 

1 
1 

i 1 0.1 
0.1 

0.1 
0.01 

75 
50 

Ckt. 1 
Term. C/F 

1 
4 

4 
4 I 0.1 

0.1 
0.01 
0.02 

50 
75 

Term. E/F 
Ckt. 1 

2 
2 

5 
5 

9 
10 

1.0xlo| 
1.0x103 

0.5 
0.005 

75 
0 

Ckt. 2(-) 
Ckt. 4 

2 
2 

6 
6 

11 
12 

1,0 
1.0 

0.05 
0.005 

75 
0 

Ckt. 3(-) 
Ckt. 5 

2 
2 

7 
7 11 1.0 

1.0 
0.5 
1.0 

0 
0 

Doalm. 4 
Doalm. 2 

3 
3 

8 15 0.05 5.0 0 Doslm. 3 3 

9 
9 

16 
17 

10 
10 

0.5 
0.05 

0 
0 

DoBlm. 5 
Doalm. 5 

3 
3 

10 
10 

18 
19 

20 
20 

1.0 
0.01 

75 
0 

Ckt. 1 
Ckt. 4 

4 
1 

11 
11 

20 
21 

20 
20 

0.02 
0.005 

75 
0 

Ckt. 3(-) 
Ckt. 5 

4 
4 

12 
12 

22 
23 

2xl03 
2xl03 

0.005 
0.005 

0 
50 

Ckt. 4 
Ckt. 4 

4 
5 

13 
13 

24 
25 

1.0 
1.0 

0.02 
0.01 

75 
50 

Ckt. 1 
Ckt. 5 

5 
5 

14 
14 

26 
27 

0.1 
0.1 

0.05 
0.005 

75 
50 

Clrt. 3(-) 
Ckt. h 

5 
5 

15 
15 

28 
29 

10 
10 

0.1 
0.05 

25 
75 

Ckt. 2(+) 
Ckt. 2(+) 

4 
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 
-il^ kjua 

Recorder Max. Expected Channel Amplifier Measurementt Diagnostic 
Number Input Voltage Number Type* Package 

Number 

1 10 1 DR Ckt. 2(-) 1 
1 2.5 2 DR CJrt. 3(-) 1 
1 2.5 I DR Ckt. 5 1 
1 2.5 DR Ckt. 4 1 
1 2.5 5 DR Term. E/F 2 

1 5.0 6 DR Oct. 1 4 2 
1 2.5 I DR Ckt. 2(- 2 
1 10 DR Ckt. 2(+) 2 
1 2.5 9 DR Doslm. 5 3 
1 1.0 10 FM 10 KC Signal HP200CD 

1 2.5 11 DR Ckt. 1, , 4 
1 2.5 12 DR Ckt. 2(+) 4 
1 2.5 11 DR Ckt. 5 ^ 4 
1 2-5 DR Term. C/F 4 

2 2.5 1 DR Ckt. 1 5 
2 2.5 2 DR Ckt. 5 . 5 
2 2.5 I DR Ckt. 3(-) 5 
2 2.5 DR Ckt. h 5 
2 2.5 5 DR Ckt. 2{+) 5 

2 1.0 9 FM Doslm. 6 3 
2 4.0 10 FM Doslm. 6 3 

2 2.5 11 DR Doslm. 4 3 
2 2.5 12 FM Ckt. 4 4 
2 NA 14 FM Ckt. 2(+) 5 

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

terminated cathode follower. 
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TABLE 2.5 DIAGNOSTIC STATION CHANNEL CALIBRATION 

Correction 
Channel Test Circuit Package Scope Factor 

1 2( + ) 1 1 2.0 
2 2 - 

1 1 2.5 

l 3(-) 1 2 3.2 
5 1 2 2.5 

5 1 1 3 2.7 
6 Terminated Cath. 

Follower 
4 3 3.34 

l 1 2 4 5.0 
1 2 4 6.66 

9 2(-) 2 5 2.5 
10 4 2 5 3.45 
11 3 2 6 2.84 
12 5 2 6 2.22 
18 1 4 10 2.47 
19 4 1 10 3.33 
20 3 4 11 2.85 
21 l 4 11 2.35 
22 4 12 3.64 
23 4 5 12 3.33 
24 1 5 13 5.71 
25 5 5 13 2.22 
26 3(-) 5 14 4.0 

Channels 27,  28,  29 did not provide reliable calibration factors. 

Peak voltage on oscilloscope X correction factor = actual voltage. 
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Figure 2.7  Schematic, Small Boy instrumentation programmer. 
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Figure 2.9 Block diagram, blooper instrumentation. 
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Figure 2.12  Schematic, Little Feller II instrument programmer. 
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Station 5.614 viewed toward GZ across air 
conditioning dugout. 

Station 5.614 viewed toward GZ.   Note 
diagnostic boxes on pad, dust shack over bunker entry, 
and 50 KW dc generator. 

Figure 2.18 Diagnostic site and air-conditioning dugout. 
(AFSWC photos) 
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Figure 2.19  14-track magnetic tape recorder. 
(AFSWC photo) 
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Figure 2.21 Typical blooper package installation. 
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Blooper pad 528.12 viewed 
toward GZ. 

Blooper pad 528.12 with fall- 
out cover opened. 

figure 2.22  Blooper Pad 528.12. 
^.iFSWC photos) 
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Blooper pad 528.13 viewed 
toward GZ. 
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Blooper pad 528.13 with fall- 
out cover removed. 

Figure 2.23   Blpoper Pad 528.13. 
(AFSWC photos) 
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Figure 2.25  Shielding in typical blooper box.   (AFSWC photo) 
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Figure 2.26  Normalized pulse width versus pulse amplitude to trigger 
(four channels without pulse stretcher). 

i 
62 

r.-Vv''A 



n r" g'J ^1 v*W7*7** ^ T1; v. T j fTt*yrT 

.V. 

:i^ 
>. •. -.'." 

'/.v. 

6.0 

5.0 

4.0 

.2ia 

3.0 

2.0 

1.0 
40 08 

6 NEGATIVE CHANNELS WITH PULSE STRETCHER 

eT= TRIGGER LEVEL 
FOR INFINITE 
PULSE. WIDTH 

100 as 3°° M 

PULSE WIDTH 
1.0 MS 2.0 MS 

v   -    .   "   ■    ^  •  *  k 

' -.' -,• •As* 

rf—«. i.'.». 

-trr-ri-Trm 

'-■■»V 

-rrvz 

^ 

Figure 2.27 Normalized pulse width versus pulse amplitude to trigger 
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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. 
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Interior view of bunker toward entry. Note 
(from foreground to background) acoustic insulation over 
M-G set, programmer rack, two tape recorders, bench 
with oscilloscopes Installed and entry with ladder in place. 
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Figure 2.29  Bunker interior.   (AFSWC photos) 
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Figure 2.30  Progranuner. diagnostic station. (AFSWC photo) 

66 

m     i 

r.;--.v-;<;.-J [: rM'^v MbSüä&k. 

mm 
"• ..'' .'' '- - L 

fa 

SSi^:f, 



W^^y<^^y*^^^^^^.M-B|1J|lll^lU«-»r»    f    |    t   .    U,M   .,.,.,.,     .^B_r J:T-; 
'      «"'    m     -      I---' 

- i> ^ ^ V - • L < 

.'   J" * K" K 

AC 
GEN 

Fl 

fc2£: 

^2^- SEC 
ES (G 
RELAY 

SEC 
EG (G 
RELAY 

Kl I KI8 
-»AC    PvvR 
-»RET 

PROGRAM 
CLEAR 

K 20 

•   K 3 

26 SEC 
TIMER 

EL 
± MANUAL SWEEP 

RESET 

1,5 SEC 
TIMER   n   'CTVORK 

PULSE 

K7 KSTHPL 
■**I2|KI9 

I   SEC 
TIMER T2 

3 SEC 
TIME» T3 

60 SEC 
TIMER T4 

2.5 SEC 
TIMER T9 

2 MIN 

TIMC" T6 

•    K 2 

K  13 t 
K t* 

K6 

,   5   SEC 
TIMER T» 

TAPE 

TRANSPORT 
ON^JO SEO 

SWEEP RESET 
-3.5 f -2 SE<? 

TAPE 
RECORDER 
ON 

CAMERA 
SHUTTER 

CONTROLS 
SHUTTER 
OPEN 

^4 SEC) 

SHUTTER 
CLOSED 
O i SE<0 

• K4IK5 
TAPE 

•mANSPORT 
OFF (j95 SEC) 

PULSE 
NETWORK 

KI94I6 

BASE LINE   SWEEP 
C-2.5  SEO ' 

AC tOC   POWER   OFF 
C+   115 SEC) 

mKm*A«,* %4. 

n M 
Li v *.1 ■ *■ A 
L  v; •_ • i ^l 

•y-\>y- SS 

kV.' 

Figure 2.31  Block diagram, programmer. 

67 

^ 



^_Tii>™.-r'_-V' \^~ ^rT^^^rvV ■jiUH.iiiigi ^f^l^^&^1^^!*V1W^^&T&W\^W\f*jF\.*^y*y*V*\T*yvj*y * VF.» rp wJ'.r-?T-r':r7''-w"'Jrr*.'\T*'mCJ'y-r*-M 

..jii. 
«.'r-jr-" • 

68 

I" 
% 
U 

E 

ü 
Ö 
W 

X 
i 
'S 

o 
o 

2 
ä 

*■. •». >■. ^.. * 

i ■ ■ .■ «.■ -.•'.' 

—''.n .■- 

■v  -,   '■.   ■> 

j» MU»ll tat 

ML 

'.^"•^ 

11 
wmenn 

» 



^^^^^*^^^^^m*mm*m iLH"i n Mumn «^fw^^^pp» i,"y i ^'i,^ i ^ \."5 yv i, ^ v-^ v' r* VI 

0 

."• 

Figure 2.33   Coaxial cable installation in diagnostic station. 

(AFSWC photo) 
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Diagnostic pad 5. 614. Dust 
shack in rear is awaiting placement over 
bunker entry. 

Diagnostic pad 5. 614 and bun- 
ker entry with wooden cover in place. Sand 
bags have been removed from entry cover. 

Figure 2.38 Diagnostic station, ground view. 
(AFSWC photos) 
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Figure 2.40  Typical diagnostic package installation with 
shielding in place. (AFSWC photo) 
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Figure 2.41  Scxntillation detectors. (AFSWC photo) 
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Figure 2.42  Scintillation detector calibration, Channel 15. 
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CHAPTER 3 

RESULTS AND DISCUSSION 

3.1   GENERAL SHOT DATA 

A      device with a yield of was detonated ten 
feet above the ground.  All Instrumentation stations were located 
In the Frenchman Flat area of the Nevada Test Site.  The locations 
of the four blooper stations and the diagnostic station are shown 
in Figure 3.1. Field test specimen locations are given in Table 
3.1. Detailed information on the Small Boy device Is given in Table 

3.2. 

3.2  DATA RELIABILITY 

Eleven of the 144 blooper channels were invalid as a result of 
malfunctions or incorrect switch sequencing corresponding to a 
loss of data of approximately 7.5 percent.     Although the slow gamma 
trigger failed to function at the ^500-ft station (520,14-2), 
It does not adversely 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 is 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 photodlodes 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 
strategic locations in the diagnostic station between H-4 hours 
and H + 2 minutes Indicated 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 circuit specimens were below the voltage levels of the 
record amplifiers.  Data were obtained on the Dhotodlode Integrat- 
ing  circuits, as discussed in Section 3.3. 

3.3      DOSIMETRY 
3.3.1      Gamma Dose Rate Measurements. The output of Detector 

3 is shown In Figure 3.5 (Channel 15).     The  spot at the left 
indicates the beginning of the sweep. The  sweep photo  (before 
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be dashed-In Incorporating the expected delay of about 120 
nanoseconds between sweep initiation and signal display. It 
Is not clear, however, why the first 120 nanoseconds of the 
sweep did not appear as a baseline.   The apparent oscillatory 
behavior en this trace is^at leapt, in qualitative agreement 
with similar experiments at the Small Boy event made by 
Dr. Stanley Kronenberg, USAERDL. 

The outputs of Detectors     k  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 is 
believed real and could be due to fission neutron arrival. The 
output of Detector    2 is shown in Figure 3.5 (Channel  14). 
These data were used to supplement data from Detectors     3> 
k,  and 5 although the primary function of Detector    2 was for 
the scope trigger system. 

These detector data were analyzed based on a Co"0 dose rate 
calibration and combined 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 compaced favorably with the 
AFSWC and Nortnrop Ventura predictions of and 

respectively, scaled to      yield. 
1 These predictions were based on information supplied by Dr.  John 
Malik of LASL.)  The measured dose rate for times after the peak 
is considerably higher than Malik's prediction for a 
device, and is shown in Figure 3.10.  The differences shown in 
Figure 3.10 for times less than about 5 microseconds, are probably 
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 is therefore apparent that fluor hang-up must 
be considered for times after the occurrence of the initial 
gamma peak, especially 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. Baaed on the detector- 
electronics calibration (Chapter 2) the gamma dose is about     at 
200 microseconds and about     at 2 milliseconds. Graphical 
integration of the composite dose rate plot (Figure 3.10) out to 
100 microseconds gives about     which indicates fairly good 
agreement, 
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3.3.2    gamma Dose Measurements.     In Table 3.4 the  results  o."  the 
gamma  dose  measurements are  compared with APSWC predictions  and 
with'extrapolated/Interpolated values from   Nuclear Defense 
Laboratory,  Edgewood Arsenal     (NDL)  measurements.    The entries  in 
Table 3.4 are generally averages of several measurements.    The 
EG&G dosimeter results are  in very good agreement wjth the 
predicted values.    The Signal Corps   glass rod data ure higher 
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 linel  and 
therefore,   are expected only to  show rough agreement. 

3»3«3    Neutron Exposure Measurements.    Table 3.5 compares the 
results of the neutron exposure measurements with interpolated 
values from NDL measurements.     Although the measurement geometries 
(and radial   lines) were different,  the results show good agree- 
ment . 
3.3.4    Supplemental Doslmetry.    Additional neutron and gamma 
dosimetry packages were located near the isolated readout 
circuitry to eliminate the possibility of radiation effects  on 
the associated monitoring circuits.    All dosimetry readout 
indicated that the radiation levels at these locations were below 
the thresholds for both transient  and permanent damage. 

3.4    REMINQTON RAND EXPERIMENT 

A detailed analysis of the results obtained on the Remington Rand 
thin film memory unit  is given in Reference 6.    The conclusions 
from the Rand document are: 

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

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

(4) Increased hardness can be most economically and 
rapidly achieved through a combination of hardware 
and software techniques. 

(5) There Is at present  insufficient real time data 
from which improved hardware hardness  design 
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 improving hardware techniques. 

3.5    PIECE PARTS,     LITTLE FELLER II PACKAQES 

As indicated previously, two Little Peller n type packages were 
exposed at Small Boy to obtain a possible correlation of piece 
part response in the two weapon radiation environments. 

The fuse data  (Table 3.6) at the Z^OO-ft    station 
shows that the signal in the 2N2187 exceeded+1.2 v..   Laboratory 
tests required dose rates of approximately to produce 
signals of this level.    Therefore,  it is 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 (jf piece parts data from Small Boy 
and Little Feller n at respec- 
tively.    The response data for the NS480,   2N705, and 651C4 show 
a good agreement between the tiwo weapon radiation environments. 
On Small Boy,  two NS480 fuses were set at  -0.9 v; one blew, one 
did not.    This  information verifies laboratory test data indica- 
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 include: 

(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 of the initial nuclear radiation pulse, 
in an effort to provide more detailed information on 
the radiation environments to which the circuit 
specimens were exposed. 

(3) Additional irradiation experiments and analysis at 
the peak gamma dose rates measured In the field so 
that comparison data are available from both field 
and laboratory experiments. 
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(■+)     A comparison of field test results with laboratory 
results to determine how well  the  laboratory experi- 
ments simulate the weapon environment. 

(5)    An interpretation of the transient response of each 
type of specimen circuit on the basis of the partic- 
ular circuit configuration,  to ascertain which 
components and parameters determine relative hardness. 
In addition,  a determination of design parameters 
which reduce the vulnerability of the circuits based 
on experimental results and circuit analysis. 

The results of these analyses are given in the following sections. 

■v s.-. -. 
m 

3.6 IBM LOGIC NETWORK 

3.6.1 IBM Logic Network Introduction.  The IBM G^-IA inverter Is 
an essential building block in the Titan guidance computer system. 
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 -8 v are used for 
intercircuit computer coinmunlcatlon. To avoid ambiguity, well- 
defined non-overlapping tolerances must be assigned both voltage 
levels. The input conditions for the logic network tested in the 
field were set to result in a nominal -8v output level. The 
failure criterion was defined as a +1.8 v maximum allowable volt- 
age shift (Reference 7), 1. e.,  the circuit was considered to have 
failed If the output voltage became more positive than -6,2 v. 

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 gain, 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 neither t.-.e laboratory 
tests nor the field test were conducted with dynamic input signals, 
the only case considered is that resulting with all input term- 
inals grounded. The schematic is repeated in Figure 3.14,showing 
the current distribution in the circuit with input terminals 
grounded. The input gating networks are not shown because when 
diodes CRc and CRg are reverse biased the transistor and its 
biasing network are effectively isolated. The primary function 
of the biasing network is to assure that the emitter-base Jur c- 
tlon of the transistor remains reverse biased for the worst c^3e 
of base leakage current. As long as the total current from the 
+30 volt source is sufficient to supply the base leakage current 
and a small amount of current through CRy and CRQ, the emitter 
Junction will remain reverse blased,and the collector current 
will be approximately equal to the base leakage current. When 
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the base leakage  currents exceed    360 ma the emitter Junction of 
the transistor will become forward biased.    A further Increase 
In the base leakage  current will result  In a corresponding 
Increase in the collector current multiplied by the transistor 
common emitter current gain.    The output voltage variation as a 
function of base leakage current Is shown In Figure 3.15. 

The current from the +30 volt source Is called the holdoff 
current.    In normal operation the magnitude of the holdoff 
current Is adjusted to result In an output voltage sr.ift less 
than failure at the maximum expected leakage current.    The leak- 
age current in this  case;  however,  is a result  of an elevated 
ambient temperature. 

3.6.3    Radiation Analysis.    Assuming a radiation pulse is long 
compared to the circuit response time,  the qualitative analysis 
of the peak transient output voltage    la Identical to the analysis 
of thermal-induced leakage currents Just presented.    The curve 
shown In Figure 3.15 should therefore be applicable to the radia- 
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 circuit components make the quantitative relationbhip 
relatively weak.    The transistor effect  is certainly predominant. 

In a practical radiation environment the pulse width is usually 
not long compared to the rise time of the circuit when irradiated 
with a square radiation pulse.    If the pulse width is short 
compared to the  circuit 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.    Basically,, 
the only thing that has changed from the steady-state or long- 
pulse analysis is that the leakage current is now a function of 
time as well as of radiation intensity.    If similarly shaped 
pulses were compared it 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 being investigated. 

While the discussion up to this point has considered only the 
effect of the transistor leakage currents,it Is pointed out 
that the radiation-induced photocurrent of the  zener diode will 
result in a significant circuit effect.    The diode 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 
bias on the transistor and thus lower the threshold point for 
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failure. If the diode Is Irradiated separately from the rest of 
the clrcultj the decrease In bias voltage may cause the transis- 
tor to turn on. 

A slight Improvement In the transient behavior of the logic net- 
work could be obtained by reducing the magnitude of thi collector 
supply voltage.    The transistor manufacturer states that a 
significant number of extra carriers contribute to the bias leak- 
age current.    This is a result of carrier multiplication In the 
collector depletion region when the collector is reverse biased 
by more than 7   volts.    The quiescent leakage current can be 
reduced by about kO percent by decreasing the collector supply 
voltage from -8vto -6 v. 

Flash X-ray experiments performed on the logic network after 
Small Boy showed a response very similar to that observed for a 
single reverse-biased diode.    The results are shown in   Figure 
3.l6a and are consistent provided the emitter Junction remains 
reverse biased and no charge will accumulate in the base region 
to result in a secondary response.    The rise time of the tran- 
sient response appears to be comparable to the0.2nsec  radiation 
pulse width.    For experiments In which the radiation pulse width 
Is short compared to the circuit rise time, the peak transient 
output of the circuit will be closely proportional to the total 
dose In the pulse.    When the radiation pulse Is long compared to 
the circuit rise time the peak output voltage Is proportional to 
dose rate.    Since most of the experimental data are for pulses 
neither long nor short compared to circuit rise time,  comparisons 
must be made carefully to avoid confusion. 

When the maximum leakage current exceeds the threshold level, 
charge accumulation In the transistor base region will result in 
an additional forward biasing effect which will Increase the peak 
transient output and pulse width.    In order to simulate this 
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 Figures l.lSb and 3.16c. 
The decrease In hold-off current essentially results In a decrease 
In the threshold level as shown. 
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Summarizing,   It might be expected from experimental and field 
test results that 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. 

3.6.4    Discussion of Field Test and Pre/Postshot   Experimentation. 
Data recorded at the dlagno3tlc  st"^lons  did not determine the 
peak transient outputs.    The photo^. -aphs shown In Figure 3,2 1 
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(Channel 4) are ^vjlcal of the results on the three powered 
channels.  It can be seen that the peak outpit was much greater 
than 50 mv, but an exact estimate Is not possible. The long 
term decay of the output pulse, shown In Figure 3.7 (Channel 21), 
is much longer than that observed in the laboratory. Since the 
time involved is long compared to the normal-circuit rise time, 
the trace reflects the response of the circuit 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 output 
must be equal to or greater than the cbreshold level at which the 
fuse was Dlown. This voltage range is 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 Is indicated by a dashed line. Sepa- 
rate vertical scales are used for each test circuit for clarity. 

Referring to the results shown in Figure 3.1''', all samples at Pad 
A failed, and probably saturated. At Pad B, the blooper results 
Indicate that the logic circuits were close to the threshold 
levels. It is also reasonable to assume that the variation be- 
tween thresholds for different units is sufficiently large to 
allow a l.O-v signal at Pad A3 and less than 0.7-v signal at Pad B. 

.•esults at Pad C3 are compatible with other information. 
!2'.t:  fuse in the logic network channel in Pad Cl was blown before 
t; c shot. The output transient less than 0,4 vat Pad D3 is also 

e consistent. The two blown fuses at Pad D3 resulted from 
i'..ilure of the slow gamma trigger to deactivate power on the 
package,and the data Is unreliable. 

Experimental investigation, as well as preliminary circuit 
analysis (Reference 11) has been performed independently (References 9 and 11). 
The results of the circuit analysis depend heavily on the assumed 
value of the zener diode phot0current. Although the results are 
preliminary, the analysis Indicates the familiar threshold curve. 
Using a relatively wide pulse (compared to the weapon pulse) of 
about 0.3 Msec, the failure level was reached at a peak dose rate 
of from for a radiation pulse 
corrected to the energy spectrum of the weapon pulse. The varia- 
tion in level is due to a 10:1 variation in the zener diode 
photocurrent. As discussed previously, the increase in diode 
photocurrent corresponds to a decrease in the radiation threshold 
level. Experimental results obtained using 2-Mev gamma rays 
(Reference 9) Indicates that the  radiation threshold occurs at a peak 
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dose rate of approximately for aO.lSjisec   radiation 
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 Idea of the steady-state response at low radiation inten- 
sities Is obtained from the bunker photographs.    The 10-mllllvolt 
signal measured at t^LOMsec should correspond closely to the 
predicted steady-state response at a dose rate of approximately 

however, available experimental data must be 
extrapolated over too great a range for a reliable comparison. 
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Experimental and analytical predictions are summarized InFigure 
3.18,    It has been shown that relatively low energy flash X-ray 
radiation produces lonlzatlon in the semiconductor more efficient- 
ly than does radiation of a higher energy spectrum such as the 
weapon pulse, or high energy (2-Mev) gamma rays.    Considering the 
different radiation 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 field 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 fällige 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 field test the IBM logic network failure level radius from 
the Small Boy    device had been estimated at approximately 
For comparison    with the meeting conclusions, the Intearated dose 
at Pad B 

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

3.7    PRE-PREAMPLIPIER 
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3.7.1    Introduction,    The Kearfott closed-loop pre-preampllfler 
Is a two-stage Class    A    transistor feedback amplifier.    As the 
first stage of error signal amplification in the control system 
feedback loop,  the radiation vulnerability of this circuit is an 
important factor in system vulnerability.    Pour feedback paths 
are Included in the circuit 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 failure criterion for the pre-preampllf ler was defined by 
Kearfott as a 6-volt signal with a pulse width of at least 1 
millisecond. 

If, 

3.7.2 Normal Circuit Operation. In normal operation the pre- 
preampiifier is a low-level linear amplifier. Referring to the 
schematic diagram in Figure 3.19* the dc feedback path through 
R5 provides the base current required to maintain QT in the 
linear region. This method of biasing also allows ror variations 
in the operating point due to temperature variations. Diode CR^ 
provides protection for QT in the event of a large negative 
transient at the input. A reverse bias of more than 8 volts on 
the emitter Junction of Q]_ could cause failure. The function of 
C3 Is to reduce the circuit gain for all frequencies higher than 
required, to avoid high-frequency oscillation. The overall gain 
of the amplifier is closely controlled by the feedback from the 
collector of Q2 to the emitter of Q^, Since the open-loop gain 
of the amplifier is much greater than the closed-loop gain, the 
absolute value of the overall voltage gain is determined by the 
circuit constants rather than by the transistor parameters. The 
collector load of Qp consists of two resistors because of the 
power limits specified for the miniature resistors used In the 
circuit assembly. 

,7.3 Radiation Analysis, At radiation levels below 10° r/sec 
;he transient behavior St  the pre-preamplifier is 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 Qg alone will cause a negative going output 
transient. Similarly, the photocurrent of Q1 will cause a 
negative going signal at the collector of Q]_, Referred to the 
output, however, the result of the Q^ photocurrent is a magnified 
positive going signal due to amplification in the second stage. 
The photocurrent of the diode Is in the direction to turn Q]_ off. 
This effect would produce a negatively going transient at the out- 
put. Direct linear superposition must be done carefully because 
or the feedback effects and finite signal propagation times. If 
'ne or both of the transistors reaches the limit of its active 
region, the superposition becomes much more difficult to apply. 
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Extensive analog computer analysis as well as experimental 
studies have been done by other investigators (References 10 and 11).   The 
qualitative results  of the Boeing computer analysis (Reference 10) 
generally Indicate that the output transient  displays three 
distinct regions.    These are:    a prompt,  relatively narrow neg- 
ative pulse  immediately followed by a larger and wider positive 
pulse which is followed,  in turn,  by some sort of long term 
recovery with a decay time constant of about 25»isec.    It has been 
shown, both analytically by the Boeing Co. {Reference 10) and experi- 
mentally by Hughes Aircraft Co. (Reference 11) that    the two pulses 
are the result of the prompt photocurrents of Q]_ and Qg,  as 
previously discussed.    The secondary response was disturbed 
as a result of the net charge deposited by the photocurrents of 
Qi   and CR]_.    Since these currents subtract at the base node of 
Ql, 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 C]_ 
through the resistance of the parallel combination of R3 and Rg. 

The failure 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- 
icant portion of the transient output appear as a system disturb- 
ance.    Considering the dynamic output range of the pre-preamp- 
lifier as + 6 volts, a radiation-induced transient must have a 
minimum pulse width of       1 millisecond to cause system failure. 
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 
lOO/isec is beyond that conveniently available in a laboratory 
environment  (i.e. >lQß r/sec). 

3.7.^    Discussion of Field Test and Pre/Postshot Experimentation. 
The results obtained from the pre-preampliflers exposed at the 
5700-ft    diagnostic  stationäre  shown in Figures 3.2 and 3.9, corre- 
sponding   to Channels 2,  28 and 29,    The validity of Channels 
28 and 29 is questionable.    Both signals are negative-going-on- 
positive channels.    Little quantitative data can be inferred.» 
since the response of these channels is not reliable for negative 
signals greater than 0.3 volts at the input.    The character of 
the recovery,  however,  is consistent with laboratory observations. 
On Channel          2 the peak output voltage  Is approximately -1.3 
volts.    The time constant of the negative recovery is difficult 
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 station Indicate that the peak positive 
excursions were probably on the order of       and the peak 
negative transients were about        This Is consistent with 
postshot  testing, but not with the analytical predictions. 
This point will be discussed later In detail. 

At the 4,150-foot station, the variation In unit-to-unit response 
observed In postshot  flash X-ray experiments Is apparent. 
Sample waveforms observed are shown In Figure 3.22. The transient 
signal levels recorded agree very well with experimentally 
observed laboratory results and with the analytical predictions. 
Limitations on blooper channel sensitivity restricted the value 
of the Information, The lack of blown fuses at the 5,700- and 7,500- 
foot  pads Is consistent with the diagnostic 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 directions. Because of the large 
variation In response from one sample to another, a large number 
of the pre-preamps were Irradiated In the Northrop Plash X-Ray 
Facility, A few of the observed responses are reproduced In 
Figure 8»22. Since the variations 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 radiation was Investigated using direct Irradiation 
with 27-Mev electrons from the General Atomic linear accelerator, 
A comparison of tha results shown In Figures 3.23, 3.24 and 3,25 
shows        that different pulse widths were used. The main 
reason for this was to obtain a good slgnal-to-nolse ratio for 
Interpreting the beam monitor signal. The responses of three 
different units are shown,comparing the flash X-ray response of 
each unit to the response for Increasing radiation Intensities 
using the Llnac. There is a very significant shift favoring a 
negative response at high radiation Intensities. This agrees 
extremely well with the blooper data at Pad A but is not predicted 
analytically. While an explanation of this effect is not avail- 
able, the most likely    cause would be a decreased charge collec- 
tion on Capacitor C1, probably due to charge trapping in C^, 
Other possible effects, or contributing effects, are nonpropor- 
tlonal Increase in the semiconductor photocurrents and/or non- 
linear effects In the transistors. However, it is felt definitely 
that the responses shown are due to the pre-preampllfler transient 
output, as oppogpd to radiation effects on the instrumentation 
or power supply systems. Further work is necessary to determine 
the cause, especially 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 
November meeting of the Small Boy TREE Working Group was that the pre- 
preamplifier did not fall in the field test environment.   It was firmly agreed that 
satuoatlon occurred at the maximum radiation level 

but a transient pulse width long enough to exceed the 
failure criterion was not reported.  It has since been deter- 
mined that the circuit did not fail at the maximum field inten- 
sities. 

3.8  DIODE DETECTOR 

3.8.1  Introduction.  The diode detector is an essential ele- 
ment in the Hughes GAR 4A missile system.  In the system, the 
input to the detector is an amplitude-modulated signal consist- 
ing of a 3 to 4 volt, 1600-cps carrier, modulated with a low fre- 
quency signal or approximately 200 cps  (Reference 13). ^0 
failure 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. 

,8.2 The circuit consists of a semlconduc- w   Circuit Operation. 
;cr diode to rectify and detect the modulating signal plus a low 
pass filter to allow only the detected signal at the output. 
The field test configuration of the diode detector is shown in 
Figure 3-26.  In actual circuit operation the input is capaci- 
tively coupled. The voltage across the diode, therefore, is zero, 
since both the anode and the cathode voltage is equal to the sup- 
ply voltage.  With the simulated source impedance directly coupled, 
the diode cathode voltage is essentially grounded, reverse-biasing 
the diode with a voltage approximately equal to the supply voltage. 

3.8.3  Radiation Analysis. Extensive investigations, using both 
computer techniques and experimental analysis (References 11 and 
14), have shown that the primary cause of the transient signal 
is ionization and charge trapping in the output Capacitors Ci and 
C2. The capacitor performance is mainly determined by material 
constants which are not tightly controlled by the manufacturer 
(Reference 15). Because of the variation between units, the pre- 
dicted capacitor performance must be specified as a range of 
values. Diode photocurrent and lonization-induced shunt leakage 
paths add to the transient output. The diode photocurrent Is 
proportional to the active volume, which is 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 increased. However, at radiation Inten- 
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sitles greater than 10° r/seCj     the effect of the shunt  leakage 
paths will probably become the predominant second-order 
effect.    At this level the effective resistance of Resistors Ri, 
R2 and Ho  is significantly reduced,  altering the dynamic  charge 
distribution during the radiation pulse. 

3.8.4    Discussion of Field Test  and Pre/Postshot Experimentation. 
Based 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  diagnostic station (Figure  3.6 Channel 19), 
while difficult to Interpret  in detail,  indicates 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 is 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 circuits.     Second, 
the transient response of the diode detector increases as a  func- 
tion of increasing bias supply voltage;  however,   it is not a 
linear relationship.    At the relatively low dose rates of the 
flash X-ray,  the deviation from linearity may be  due to the non- 
linear variation in diode 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 field test. 

Figure 3.6, which shows the transient signal from the diode 
detector,  exemplifies the good agreement becween flash X-ray and 
field test.    The variation between the oeak response at flash 
X-ray and the field test may be due to the fact 
that with the flash X-ray the total dose is delivered in 
whereas,  gamma dose from the weapon la 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 atation     (Pad A).    At Pad A the estimated total  dose, 
integrated tolOOjisec was approximately two orders of magnitude 
greater than that at the 5,700-foot   diagnostic station.    If linear 
dependence of output for increasing dose is assumed,  the transient 
signal from the diode detector should have been two orders of 
magnitude greater than the at"  the diagnostic  station.    As 
shown in Table 3.3» two fuses set at + 0.5 v and 0.6 v did not blow. 
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whereas the fuse set for + 1.15v did. The fact that the two 
fuses set at the lower voltages did not blow can be explained by 
the variations in diode detector response which have been observed 
for different test circuits during laboratory testing.  Variations 
In capacitor 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 is an essential element 
in the Stellar inertlal Guidance  system control loop.     It consists 
of an RC filter, used to shape the frequency response of the loop, 
whose output is fed into a chopping circuit.    The chopping circuit 
simulates a switch which would short out the output  signal for 
every positive half-cycle of the chopping frequency.    The low- 
frequency input signal is therefore transformed into a signal with 
the original information but  In the frequency range of 10 to 40 
kc.    The advantages in such a transformation allow the  design of 
a more efficient post-amplifier and result in Increased loop 
stability.    A block diagram of the azimuth network and a typical 
output signal are shown In Fisrure 3.29 .     The failure criterion 
for the azimuth network Is a 

(Reference 12). 

3.9.2 Circuit Operation.     In normal operation a 19.95-kc square 
wave,  4.5 volts peak-to-peak,  is used for the chopping signal. 
Referring to the azimuth network schematic in Figure 3.29,     with 
the chopping signal applied to the primary of the transformer, 
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 input signal was simulated by 
a 30-volt battery.    Under this condition,  if a chopping signal 
were applied to the transformer.,the output voltage would be 
approximately 1.9 volts when the transistor was turned off and 
approximately 5 millivolts with the transistor saturated.     Since 
the field test was required to  be a static test,  however,  the 
chopping signal generator was replaced with a resistor approx- 
imately equal to its source  impedance  (20 ohms).    The  dc  equiv- 
alent  circuit for the azimuth network under this  condition is 
shown in Figure 3.30.    The transistor emitter diode  is slightly 
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forward-biased and the collector diode is reverse-biased.  . Since 
the base resistance is large compared to the normal input imped- 
ance of the transistor,the leakage current can be approximated by- 
considering the base lead open.    On this premise the leakage 
current will be on the order of Ic0.    This estimate is probably 
pessimistic due to the low voltages applied to the Junctions. 
The open-circuit output voltage in this configuration is approx- 
imately 0.4 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- 
circuit transient will be due to the transistor photocurrent. 
In the design of the circuit for normal operation,  capacitors 
Cg and C3 were selected to minimize the transient response of 
the chopping circuit to voltage spikes produced in the chopping 
process.    The transient signal produced due to the transistor 
photocurrent will therefore be minimized until the  Intensity of 
the radiation is sufficient to increase the photocurrent level to 
saturation. 

When saturation occurs the emitter diode will become slightly 
reverse-biased because of the high source  Impedance, and rather 
than operating in the true saturation region, the transistor will 
be biased essentially in the inverted region.    The net result  Is 
that almost no storage time results and output voltage will start 
to return to Its original level as soon as the radiation pulse 
ends. 

The effect of the radiation on the passive components must beo 
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 Is available at this time.    How- 
ever,  the contribution due  -o the passive components would be 
expected to be on the orde:   3f hundreds of millivolts super- 
imposed on the transistor response at the maximum dose rate 
experienced In the field test. 

3.9.4 piscussion of Field Test and Pre/Postahot Experimentation.  
The oscilloscope 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 Is Channel 11.    Although the peak amplitude of the 
transient  signal on Channel 11 is not  discernible, the duration 
of the transient pulse appears to be less than l^sec. This will be 
discussed, and is significant because  It provides insight into the 
real time history of the transient  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 
pulse.    As stated previously,  the failure criterion for *-he 
azimuth is a 
Establishment of voltage amplitude criterion at 
and the failure to meet the pulse width criterion, may be  deter- 
mined by referring from the azimuth network of the diagnostic 
station back to the transient disturbance.    It is 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 Is dose dependent.    However,  experiments conducted at 
Linac  (dose lOOOr) 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 11 and 16). 

3.9.5 ConclualonB of the Small Boy TREE Woridng Group Meeting.  It was officially 
concluded at the 7 and 8 November meeting of the Small Boy TREE Working Group 
that the azimuth network is hard to at least 

3.10    ARMA MINIATURE FLIP-PLOP 

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 available and are used to represent the 
Information stored at one output, and the complement or opposite 
of the state at the other output.    In other words, if the flip- 
flop is 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" respectively.    The 
definition of true and false as well as the corresponding voltage 
levels Is completely arbitrary and need only be consistent within 
the total system.    The state of the flip-flop is manipulated by 
applying positive pulses to the trigger input terminals.    The 
failure criterion (Reference 1?)  for the flip-flop is shown in 
Figure 3.33. 

3.10.2 Circuit Operation.    A few definitions will make the 
discussion of circuit operation considerably easier.    Figure 3.3^ 
shows the circuit diagram of the flip-flop connections and addi- 
tional components used in the field test.    The flip-flop stat-e in 
which Qi is on and Q2 is off will be  defined as the "one"   state 
and the complementary state  (Q2 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 field test.    The 
turn-on sequence  in the test circuit 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 

state are shown in Figure 3.35. in the "one" 

With the flip-flop in the   one    state, a positive pulse applied 
to the reset trigger input increases the base voltage of Qg. 
Since Q2 is biased close to the active region,  the increase in 
its base voltage results in an increase in collector current 
which is coupled as a negative signal to the base of Q^.    Cp is 
a speedup capacitor to enable the rapid coupling of the collector 
voltage changes to the base of Qi,    The quiescent base current of 
Ql is much larger than that required to  saturate the transistor. 
Since Qi  is saturated, the excess base charge must be removed 
before the collector voltage will star; to rise.    Once the collec- 
tor current of Qi starts to decrease, the positive signal will be 
coupled to the base of Q2.    The process then becomes regenerative 
and stops only when Q2 i8 saturated.    If the flip-flop is in the 

"zerC'state and a positive trigger pulse is 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 thevone"state) will only saturate the transistor a little 
harder temporarily and will not result  in a change of state, 

3.10.3    Radiation Ana.lysis.    The primary radiation-Induced effect 
on the flip-flop is due to the transistor photocurrents.    With 
the circuit in the "one"  state  (i.e.,  Qi    on ,  Q2    off  ) the 
effect of Qg is much greater than that of Q]_,    The collector 
photocurrent  induced in Qo 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 Qi   can be pulled out of 
saturation. If the common emitter current 
gain or Qi is at least 50, less than 100 ^a     base current is 
required co keep Qi saturated.    To drop the base current to this 
level requires a drop in the collector voltage of Qg approximately 
2,5 volts,  or an increase in collector current of 2,7 ma.    Since 
Q2 is initially biased close to the active region, the initial 
photocurrent will cau8.5 forward-biasing 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 Qi, due 
to saturation, must be removed.    This requirement establishes a 
minimum pulse width for transition to occur as well as the ampli- 
tude requirement previously established. 

Very little is known about radiation effects on an initially sat- 
urated transistor.    However, it would appear,  since only the 
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magnitude and not the polarity of the emitter and collector 
Junction barrier potentials have been affected,  that photocurrents 
exiBt and would tend to increase the excess minority carrier con- 
centration in the base.    In this case,  the amount of charge to be 
removed from the base of Q^ is increased, making the requirement 
for a transition more stringent. 

At radiation levels of less than lo9 r/sec, the contribution of 
the other componenta should be small compared to the transistor 
effects,    Photocurrents from the trigger diodes will be in the 
direction to turn both Qi and Q2 off, but the effect is negligible 
since the transistor output from the collector will basically 
determine whether a transition will occur or not» 

ai& 

3.10.4 Discussion of Field Test and Pre/Postshot Experimentation. 
As shown in Figures 3.3, 3.Ö, and J7B  (Channels Ö,  lb, and 24), 
no change  in state occurred in the flip-flop at the diagnostic 
station location  (5700 feet) at a peak dose rate  of 
The signal on Channel    24 is due to system noise. 

Data from the blooper stations are  shown in Figure 3.3^.    Tran- 
sient Signa]a at the stations 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 (FJg«re 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!     (l) 
At dose rates as high as during pretest      experimentation 
a change  in state was never observed}     (2)    Stability of the flip- 
flop has been found to be vulnerable to system noise. 

The field test results are consistent with both pre-and postshot 
laboratory simulation testing.    No change in state of the flip- 
flop occurred whiah could be attributable to radiation at dose 
rates as high as during pre-and post-field experimenta- 
tion.    Therefore,  zhc flip-flop should operate without introducing 
system errors at peak dose rates of at least from a 
weapon gamma pulse. 

3.10.5 Conclusiona 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 
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TABLE 3.1    FIELD TEST SPECIMEN LOCATIONS 

PAD BLOOPER S/N TEST CIRCUIT CARDS/N 

Al 7 14 
A2 9 3 
A3 8 16 
Bl 6 22 
B2 12 4 
B3 4 20 
B4 Rem Rand Not Applicable 

Cl 15A 10 
C2 Little Peller n Not Applicable 
03 11 2 

Bunker 1 1 Diagnostic 7 
Bunker 2 2 Diagnostic 19 
Bunker 3 Doslmetry Not Applicable 
Bunker 4 4 Diagnostic 6 
Bunker 5 5 Diagnostic 1 

Dl 15B 13 
D2 14 11 
D3 Little Peller n 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 02(Hg) 

Air Pressure at Surface GÄ(Mb) 

Air Temperature (0C) 

Relative Humidity (    $) 
o 

Dew point  ( C) 

Surface wind direction/Velocity,, 

14 July 1962 

11:30      00.123 PUT 

Air 

10 feet 

Wooden Tower 

N 7^7,907.^3 

E 717,118.39 

Ground 

26.67 

904 

31.7 

16 

2.8 

'/Mph      225/06 

IT* 

mm 

,M.,-.A 

■V 
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Figure 3.12  Block diagram, IBM logic network. ■wr 
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Figure 3.13 Schematic, logic network. 
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Figure 3.14  Simplified circuit diagram, logic network. 
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Figure 3.15   Output voltage versus base leakage current, logic network. 
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Ml 56 k 

Ci = 0.022 »if 
Cz = 0.047 »if 
C3 » 3.0»if 
C4 » 0.056^ 
Cj « 0.0022 pi 
C6 « 10 pf 
C7 = 1000 pf 
Cg   not specified 
(»elected for each 

circuit) 
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L-^a R.c 

T:   1: 1 Traneformer (ct.  eecondary) 
Q: Philco T2357 aaaumed 

R^ a 150 k 
Ra not epecified 

NOTE:   «g and R, replaced by 30 v. battery in field test 

Figure 3.29  Azimuth network. 
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Figure 3.30  Equivalent circuit, azimuth network. 
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Figure 3.35  Node voltage and current distribution, flip-flop. 
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CHAPTER  4 

CONCLUSIONS AND RECOMMENDATIONS 

4.1 GENERAL 

The results of this program prove that with extensive pre-fleld 
testing,   and by using the Instrumentation techniques developed 
by Northrop Ventura,  valid data  can 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 doslmetry and 
more accurate component models  for the radiation environment 
should provide even better correlation. 

4.2 RADIATION VTTLNERAEILITY LEVEL FOR EACH CIRCUIT  AND METHOD 
FOR HARDENING 

4.2.1 Logic Circuit.    The failure criterion for the Logic 
circuit  (l.b-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 circuit analysis. 

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

4.2.2 Pre^Preampllfier.    The pre-preamplifler is hard to at 
least   "~  '"rf" 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 field test results on the pre-prearapllfier are 
consistent with analytical predictions and experimental data. 

4.2.3 Diode Detector.    Although no failure criterion was  estab- 
llshed,  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 achieved by selecting less vulnerable output capacitors. 

4.2.4 Azimuth Networks    The failure criterion of the azimuth 
network       "  "~  ~ was not met at a peak weapon gamma dose 
rate of                             Laboratory experimentation has proved that 
the failure criterion was not exceeded at The tran- 
sistor Is the most vulnerable component to consider If additional 
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hardening Is required. 

4.2.5 Fllp-Flop. The failure criterion for the nip-flop 
(change-of-state) was not exceeded at No transi- 
tion attributable to gamma radiation haa been observed In the 
laboratory at dose rates of 

4.2.6 Remington Rand Thin Film Memory Unit. No permanent 
damage or system failure Is expected In this type of electronics 
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 spike) 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 field 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 is attributable mainly to the fact that 
the dose rate at the diagnostic station was near the threshold 
level for most circuits 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 particular experiment must be examined. If 
failure criteria, In terras of amplitude and time, can be estab- 
lished for the particular test specimen, and If the sole re- 
quirement Is to know if these criteria were exceeded, then 
blooper readout techniques are more practical. If, however, exact 
characterization of the time and amplitude response of a test 
specimen Is 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 is 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 stations 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 in 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 is 
obtained.  It  can be applied directly to the circuit behavior In 
a weapon environment. 

Based on data obtained on the vulnerability of the logic 
circuit,  it  appears probable that transient radiation effects on 
additional circuits in the Titan digital computer could Introduce 
system errors,  e.g..  In timing circuits 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 circuit. 
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APPENDIX 

PRE-PIELD TEST EXPERIMENTATION 

r^^' 

A.l SCOPE OF LABORATORY TESTING 

Extensive laboratory testing was conducted at the Northrop 
Ventura 600-kl Plash X-ray facility, the General Atomic Linear 
Accelerator and the Sandla 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 circuit test 
specimens in the nuclear field environment, and therety 
establlsh required dynamic ranges for diagnostic and blooper 
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 circuits. 

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

Three Llnac experiments, one SPRP experiment, and several Plash 
X-ray experiments were performed. Efforts were concentrated on 
minimizing extraneous cable and air lonizatlon effects from both 
the test circuits and associated monitoring equipment. Character- 
istic Input and output terminations were connected and cathode or 
emitter followers were utilized in some cases. The radiation 
tolerance levels for the associated blooper circuitry were de- 
termined, to ascertain the shielding requirements. 

It 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 diagnostic station could be set. Although the data spread 
was large for some circuits. It did provide the basis for pre- 
dicting the test circuit response In the field 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 
points. 
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A.2 EXPERIMENTAL FACILITIES 

A.2.1 Linac Experiments. 

Llnac experiments were performed to determine the test-sample 
circuit response at dose rates between The 
high dose rates were achieved 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 Llnac exper- 
iment (6.0-Mev X-rays) the dose rate calculated from the cal- 
orimeter temperature rise was an order of magnitude higher than 
calculated from an NV >;.r«todiode    A subsequent experiment was 
performed under essrntlaxly identical conditions to resolve this 
discrepancy. The dose rat3 measured with the photodiode  was 
consistent with the previous experiment within experimental un- 
certainties. The calorimeter (copper block and thermistor) meas- 
urements in this subsequent experiment indicated approximately an 
order of magnitude lower dose rate than for the previous experi- 
ment, and thus agreed with the photodiode  results. 

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

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

Llnac lb. Irradiation (6-Mev X-rays) of cathode followers, emit- 
ter followers, and pre-preampllfier at dose rates from 

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

Llnac 3. Irradiation (28-Mev electrons) of cables, logic net- 
work, azimuth network, pre-preampllfier, and diode detector at 
dose ra^-es between 

A.2.2 SPRF Experiments. 

Experiments were performed at SPRF to determine the transient 
response of the test circuits in a mixed neutron and gamma envl- 
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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 transient effects due to the neutron and gamma 
components.  Qualitative data were obtained on most of the test 
circuits evaluated. 

An experiment was performed to determine the relative sensitivity 
of the NV scintillation detector to neutrons and gamma radiation. 
Although the fast-neutron sensitivity was found to be Important, 
the detector could be used for the field test measurements at 
5700 feet because of the25/isec neutron time of flight. The scintil- 
lation detector was also used to monitor the shape of the SPRF 
radiation pulse. 

Pour significant phenomena were observed during the SPRF experi- 
ment:  (l)  the positive and negative response of the pre- 
preamplifler was observed for the first time;  (2) the tran- 
sient response of some test circuits 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 circuits, cables, 
and blooper packages at the NV flash X-ray. The maximum dose 
rate was Jose 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\eA wiiivla the 
short time frame involved, qualitative data were obtained.   The validity of the data 
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- 
tion testing. 
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