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ABSTRACT

This report describes the radiation-induced behavior of tantalum-oxide,
mica, ceramic, Mylar, glass, and polystyrene capacitors using results ob-
tained at several sources. Also included are discussions of the following:

e Experimental techniques at each radiation source, including mea-

surement of circuits, components, dosimetry, and variation of
circuit and radiation parameters:

e Results from SPRF, LINAC, and AFXR tests describing the de-
pendences of the induced current for the irradiated dielectric

e Interpretation of these results in terms of appropriate models and
radiation and circuit parameters

e Comparison of the effects observed at each irradiation source’

e Description of the testy on magnetics and the test resulls,
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Section I

INTRODUCTION

The primary objective of transient radiation effects studies in electronic
parts and materials is to determine radiation hardness design information
over a wide range of radiation levels. Circuit design demands intensive rad-
iation effects studies on dielectric and magnetic devices utilizing sources

emitting gamma rays, electrons, neutrons, and X-rays at various energies
and with various pulse durations.

Under contract to ECOM, IBM has investigated the effects of nuclear
radiation pulses on dielectric and magnetic devices. Numerous experiments
have been performed at a variety of pulsed radiation sources, including pulsed
reactors, linear accelerators, and advanced flash X-ray machines. These
tests on dielectric devices have resulied in the formulation of a theoretical
model to explain the radiation-induced conductivity in dielectrics, and have
yielded sufficient experimental data to supply many of the parameters to be
used in this model.

The purpose of the magnetics tests was to collect data on the operation
of several selected magnetic devices at high gamma dose rates, such as
those generated in the prompt portion of a weapon burst, This data will be
used to determine if more extensive testing of a variety of magnetic materials
should be performed. Testing has shown no effects which will cause mal-
function of these magnetic devices when used for data storage at dose rates
in excess >f 1011 rad/s.

During the past 2 years, extensive tests were performed to compare
the currents induced in several commercial capacitors by nuclear radiation
from a pulsed reactor (SPRF), with those induced by the electron beam of a
linear accelerator (LINAC). Analysis of the LINAC data has given further
information for the characteristic amplitude parameters, K‘} and Kq;, and the
delay time constants, tdp. These results indicate that the radiation-induced
conductivity effects are consistent with data obtained in the pulsed-reactor
environment. This consistency was obtained only after consideration of the
relative >ffectiveness of neutron and gamma radiation in producing currents
in the capacitive elements at the reactor environment (Reference 1).

To confirm the capability of the electron band model to predict behavior
for the combination of high dose rates and short pulse widths, experiments
were also performed at an Advanced Flash X-Ray (AFXR) source. This
source provides dose rates on the order of 10* rad/s, with pulse widths




ranging from about 30 to 100 ns. Presently, only the behavior of tantalum
oxide has been analyzed at this source. Results indicate the band model is
applicable to a combination of high dose rates and short pulse widths, and that
radiation-induced currents vary linearly with dose rate, capacitance, and
applied voltage at high dose rates. No effects resulting in a loss of information

in magnetic elements were produced by AFXR irradiation at dose rates as high
as 2 x 1011 rad/s.

Temperature effects on carrier mobility and lifctime were also studied
in tantalum-oxide and ceramic dielectrics. With a simple band model having
a single electron trapping level a few kT below the conduction band (E,p),
tantalum-oxide yields a trapping level of about 0.2 eV at both LINAC an
AFXR (Reference 2).

e 38 e 1 et b g = =t e+ —~— var ——— N e
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Section Il

DIELECTRIC PROGRAM

A, SUMMARY OF THE DIELECTRIC PROGRAM

Table 1 lists the capacitor types that have been studied under the pre-
sent contract and the present understanding of their behavior at various types
of sources. The "theory" column indicates dielectrics for which experimen-
tal results to date are understood in terms of physical mechanisms, and which
have a model and relationships to describe the required dependences.

Table 1
DIELECTRIC PROGRAM
Capacitor SPRF
Type Gamma Neutron | LINAC AFXR Theory
Mica L Q L X
Tantalum Oxide ® Q [ 0O -]
Glass Q@ X 0] X Q
Ceramic Q X o 0 Q
Mylar o Q [ X [
Polystyrene L Q [ X [
[
Legend:
® Considered complete in capacitor characterization
O Partially completed
Q Results to date are questionable
X No work done as yet




B. THEORETICAL CONSIDERATIONS

The general relationship for the conductivity of a capacitor under ir.a-
diation (Reference 3) has been shown to be

o - 0'0 . t ~-(t“t")/-rdn. .
— % .KD(@M)+ 3 K f e D(t')dt", (1)
€€, p n 9y

which is related to the radiation-induced current by the equation
(c-0)
i = ——2 ¢V,

r
€€o

This gives

R -(t-t')/rd
i, = cv[KpD(t) + 3 K, e " prty) dt',] (2)
n nY_ 5
where
0'0 = the dark conductivity in the absence of radiation
€ = the dielectric constant
€, - permittivity of free space
Kp and K q° empirically determined parameters for the radiation-

induced conductivity effect

T d time constants
n

D(t) = the radiation exposure rate
ir = the radiation induced current.

When the radiation field contains several mixed components of radiation,
D(t) must contain a contribution from each environinent. The total field can




be written as a linear combination of the components, The total effect, D(t),
at a pulse reactor can be written as the linear sum of a neutron and gamma
field:

D(t) = FN(t) + v (1), (3)

where

F = proportionality constant relating the absorbed dose rate from the
neutron spectrum to an equivalent absorbed gamma dose rate

N(t) = equivalent absorbed gamma dose rate.

If one defines a ratio R = N(t) / y(t), then

D) = [FR+1] ¥ @ (4)
The radiation-induced current is then given by
R
i(t) = CV[ K,y ®(FR+1) + Exdnf o MR +1) vt
-

(5)

Several analytical techniques have been developed for solving Equation (5)
and are documented in Reference 1, which also describes empirical conditions
to determine the characteristic parameter F relating the two fields.

At a pulsed electron,source, such as LINAC, having a square radia-
tion pulse with amplitude D(t) and duration tp, the radiation-induced current
can be expressed as a kernel in time over the two domains of interest,
tstp and t th. Equation (2) then reduces to

-t/r
(ov K D) + TK D(1 d“) for t<t_ )
D(t) + 3§ T - ¢ r tst
500 35, 7, ] forust,
. B 3
lr(t) —T tp/ T, -t/Td (6)
CVD(t) S K, T, (e B l1)e D fort >t
L nod, dy P

Applying Equation (6) to the dielectric responses observed at a LINAC,
Kp and the first delay components, Kd Td , can usually be determined.
1 1




However, later components (Kg Tdn,) are difficult to determine accurately
from this measurement. To obtain further information on these later com-
ponents, the total charge replenished to the capacitor is measured and an ex-
pression relating the replenished charge to these parameters is derived. This
expression is given by

- cVvDt_[K_ + 3K, (r, -t)]. 7
Q o [Kp* EKy (7g -] ()
2
When the pulse width, tp’ is much smaller than T 4’ Equation {7) can be
n

approximated by

Q.~CVDt [K + SK, . ]. (8)
T P [ p n dll dn]

Equations (6) and (7) can be used to determine the parameters neces-
sary to characterize a given dielectric material in a transient radiation en-
vironment, except for the parameter F, which is obtained from the neutron
environment,

C. CIRCUITS USED TO MEASURE DIELECTRIC RESPONSES

The transient conductivity of a capacitor is determined from the meas-
urement of the radiation-induced current. A supplementary measurement is
the replenished charge, which is the integral of the radiation-induced current
in either lead, and is obtained manually (from the picture of the current dis-
play) or electronically (by integrating the current signal),

Two methods were used to monitor the radiation-induced current trans-
ients:

® Measuring the voltage drop across a sampling resistor in series
with the capacitive element

e Measuring the output of a current transformer (current probe)
in series with the exposed capacitor,



1. RESISTOR SAMPLING

Figure 1 is the circuit used for measuring radiation-induced current
by the resistor method. This circuit was used when maximum sensitivity
was required or when the time duration of the transient current exceeded the

pulse width capability of current probes. The circuit components are defined
by the following:

Z0 is equal to the cable characteristic impedance.

C is the power supply cable bypass capacitaace. It is large enough
to provide a stiff voltage source during the i-adiation transient,

R1 is selected to satisfy one of the conditions:

a. For best pulse response, set R1 equal to ZO

b. For maximum sensitivity, R1 may be omitted

c. When sensitivity is not critical, and operating point deviations
are held to a minimum, keep R1 very small,

R2 must isolate the power supply from the measurement circuit
during the transient and is much larger than R1 and ZO in parallel.

R2
C
R] -d-C‘
=T
[ —9 T Test
Capacitor
R2

i~

L66~180

Figure 1. Circuit for Measuring Induced Current (Resistor Method)




2, CURRENT PROBE SAMPLING

Figure 2 is the measuring circuit for radiation-induced currents, using
the current probe method. The circuit components are defined as follows:

) Z0 is equal to the cable characteristic impedance

e C is the power supply cable bypass capacitance. It is sufficiently
large to provide a stiff voltage sour ce during the radiation transient,

e CT-2is a current transformer with suitable response. When the
integrating circuit is used to measure the total replenished charge
(ZyZy), the time constant of the integrator must be very long when
compared with the period of integration to have a negligible loss of
charge,

1%

Bias '[ T Test
Voltage Cc== Capacitor
a
Z]
Z, I Z, O} 1 cr-zz
e

Los-141
Figure 2. Circuit for Measuring Induced Current (Current Probe Method)

D, DIELECTRIC CHARACTERIZATION

1. PULSED REACTOR (SPRF) TEST

a, Reactor Description

The Sandia Pulsed Reactor (SPRF) is a bare critical assembly having
a pulse width of 50 pus at half- maximum, The average neutron energy is 1.4
MeV and the average gamma energy is 0. 8 MeV. Nominally, at 9-1/4 inches,
the gamma dose rate is 4.5 x 106 rad/s and the neutron flux is 6 x 1016 n/cm?2
-s {E >10 keV). The flux has a 1/r2 fall-off (Reference 4 and 5). Polyethy-
lene and lead shields were used to vary the neutron-to-gamma ratio over a
factor of eight.

s v e ot s RGP (TS PTG W . - . e e e o —— e b PO Y Y N e
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. Test Description

Six different dielectric types were studied at the pulsed reactor with the
measuring circuit shown in Figure 1. Wide variations in the insulating layer
thickness capacitance, surface area, and insulator volume were chesen for
each dielectric type. Voltages were applied in the direction of high resistivity
and covered the range from zero to the rated voltage (WVde). To reduce cur-
rents through air ionization paths, the capacitors and exposed ends of the trans-
migssion cables were potted with a Silastic* compound.

Experiments were conducted to obtain data on the radiation-induced cur-
rent as a function of:

e Alteration of the neutrun-to-gamma-ray ratio (I'\I/ f)), with variations
of dose and dose rate

o Yariations of capacitance, applied voltage, and d-c working voltage
wvde).

c. Reactor Test Jtesults

The reactor-induced dielectric characterization (Reference 1) is sum-
marized in Table 2.

2, ELECTRON LINEAR ACCELERATOR

a. Source Description

Two sources were used for this work, The General Atomic Electron
Lincar Accelerator (LINAC) was used to deliver single pulses of electrons
having an energy of about 18 MeV. The pulse widths were varied from 0.3 to
4.5 ps with a peak current near 200 mA. The maximum dose rates achieved
for + 5-percentuniformity on sample irradiation were about 1 x 1010 rad/s.

The White Sands LINAC was also used at an electron energy between
10 to 12 MeV, Pulse widths were varied from 0.1 to 2. 0 us with a peak
beam current near 450 mA. The maximum dose rates achieved for + 5-per-
cent uniformity of sample irradiation were approximately 109 rad/s.

b. Test Description

The primary purpose of the LINAC test series was to further character-
ize the dielectric response of capacitors and to compare the differences be-
tween reactor- and electron-accelerator- induced conductivities, Six different

* Registered trademark of Dow Corning Corporation.




Table 2

PULSED-REACTOR TABULATION OF PARAMETERS

K R, Td, | F
I S | 22 -1 23 2 [k
Dielectric | (10 - rad )| (10 “(rad-s) ") | (107 s){ (rad-cm"/n) in/ ip
Tantalum -11
Oxide 9 4.5 1 6.5x 10 0. 24

Ceramic +1 --- -—- --- -

Mica 4 none none 1.4x10° 1 | 0.06

Mylar 12 - - |3.2x10710 | 0.60

Polystyrene 14 4.7 1 1.3x10°° | 0.80

Glass 10 - --- --- -—-

* F is a proportionality constant relating the absorbed dose rate due to
fission neutrons to an equivalent absorbed gamma dose rate. All
gamma energy loss is considered due to ionization,

ok i /i, the relative neutron effectiveness due to a mixed field, pertains
ot;‘\ly to the prompt portion of the radiation, Induced current is derived
from the fission spectrum for exposures at SPRF. This ratio 2s given
for a normal burst with a specific N/D value of 3.3 x 10° n/cm® /rad.

dielectric materials,coveringa complete range in capacitor geometry, were
exposed to varying LINAC parameters of beam current, electron ehergy, dose,
dose rate, and pulse width,

Mylar, polystyrene, mica, glass, tantalum-oxide, and ceramic capaci-
tors were tested at several different voltages, capacitances, and working vol-
tages (WVdc). In addition, tantalum-oxide and ceramic capacitors were ex-
posed in a controlied temperature environment in a commercially converted
oven over a range of 0°C to 85"C. Temperature was controlled by cycling be-
tween electronic heaters and a liquid carbon dioxide coolant., A blower main-
tained the oven chamber at any set temperature +1"C (Reference 6).

Current probes were used to monitor the induced current through both
leads of the capacitor. An integrating circuit measured the total replenish-
ment charge through each capacitor lead. The second probe was used as an

10
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aid for separating radiation-induced emission in the wiring and sample con-
figuration from a true dielectric response,

The actual testing was performed inside an aluminum box to shield the
experiment from radio-frequency (R-F) interference. No special encapsula-
tions or pottings were used on the capacitor elements tested, since the mag-
nitude of charge scattering effects could bhe inferred from the measurements.
Coaxial transmission lines were covered with shielded zipper tubing to reduce
R-F interference. Radiation effects were eliminated on the components re-
quired in the measuring circuit and on cable ends, by housing the circuit in-
side an aluminum and lead shield containing feed-through connectinns to the
test sample,

c. LINAC Resuilts

Data tables including pulse widths, dose rates, applied voltages, and
currents observed for each dielectric tested at LINAC are presented in detail
in References 1 and 2. Reference 2 also lists the estimates of the long delay
time constant ('z'd2 ) for Mylar and polystyrene as obtained from ineasuring

the total replenishment charge. Table 3 presents a summary of this LINAC
work, and Table 4 compares the parameters observed at LINAC and at SPRF.
Where the delay constants ( Tq) are short, the observation (Kp + Kq Tq) at
LINAC is compared to the neutron-corrected K, value observed st SPRF,

The small T4 values resolved in the LINAC work are not seen at SPRF but
are included in its prompt response due to the longer time domain of the ex-
citation pulse. Table 4 shows very good agreement between the SPRF anc
LINAC results with the largest discrepancy about a factor of three observed
for ceramic. Of the six dielectrics tested, tantalum oxide has been the most
extensivelyi gtudied and characterized. At LINAC dose rates ranging between,
108 and 1019 rad/s, tantalum oxide has the smallest Ky, value and shortest
delay constant of the tested dielectrics, Scveral physical parameters inherent
in the tuntalum-oxide material have also been estimated at these dose rates,
These include an electron maohility of approxix&mtely 10-9 ¢m? (volt--.s)"1 and
a generaticn rate of 4,6 x 10! pairs (rad-cm )‘1, corresponding to about
136 eV to create an electron hold pair (Reference 1),

3. ADVANCED FLASH X-RAY

a. Source Description

Advanced Flash X-Ray testing was performed at the Physics Interna-
tional energy facility whicl has a 5-million volt peak energy source. Figure 3
shows the location of the instrument room, irradiation room, andpulser controls,
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Table 3

LINAC* TEST RESTLTS

K, Ta, | g, Td,
Dielectric Kp (rad'l) (10-2(rad—s)"1) (us) (lo_z(rad-s)-l) (ps)
Tantalum Oxide | 5 x 1071 4.2 0. 85 3.6 200
Ceramic £3.2%10°7 | --- - -—-- ——
Mica 4.2x10°% | none none none none
Mylur 2.5x10°% | 0.24 8 1 500
Polystyrene | 3.0x10°% | 0.07 10 4 300
Glass 1.5x10°° | --- — —— -
* General Atomic and White Sands as sources
Table 4

DIELECTRIC PARAMETERS COMPARED

Dielectric LINAC (rad/s) SPRF (10~ % rad/s)
Tantalum Oxide | 3.6 x 1078 (Kp + Kd1 le) *6. 8
Ceramic 43,2 x 107 () 11,0
Mica 4.2x10°° (x,) *3, 1
Mylur 4,48 x 1070 (K, + Ky, Td1) *4, 8
Polystyrene 3,0x 10"6 (Kp) *2.17
Glass 1,5x 10°° (K,) 10

* Kp values are neutron corrected.
12
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Figure 3. Physics International Energy Facility (Diagram)

b. Test Desceription

The instrumentation and irradiation rooms are both double shielded
rooms. Because the noise level in the irradiation room is too high to allow
sensitive measurements, an aluminum shield box was used to reduce the noise
to an acceptable level, Signal transmission lines were triaxial RG58A cables
enclosed in aluminum zipper tubing. Figure 4 shows the sample location in~
side the shield box and the lead shield used to protect the current probes and
cable connectors from the X-ray beam,

A lead shield, approximately 6 inches thick, was used to obtain a dose
reduction at the current-probe box to less than 1 percent. Oscilloscopes were
triggered by one photodiode and the output of a second was recorded to provide
burst shape information. Two capacitor samples were irradiated simulta-
neously and the currents in each lead were monitored., The integral of the cur-
rent in one lead of each component was measured with a Type-0 Tektronix
operational amplifier and recorded on oscilloscopes. Data were recorded by
photographing the displays of scven Type-647 Tekironix oscilloscopes with
solenoid-operated shutters.

Both ceramic and tantalum-oxide dielectrics have been irradiated at
AFXR, Radiation-induced effects were determined for both dielectrics as a

13
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Figure 4. Aluminum Shield Box

function of voltage, temperature, and capacitance value. A duse rate depen-
dence test was performed for tantalum-oxide,

C. AFXR Test Results

The data for the dielectrics tested at the AFAR are presented in Tables
5 through 9. Those entries marked with an asterisk represent oscillograph
pictures that could not be used due to improper scale factor settizgs, noise
distortion, or camera tailure,

(1) Tantalum-Oxide Capacitors

Table 5 shows the results of the maximum current observed for dose
rate variation in a tantalum-oxide capacitor, with temperature, applied volt-

age, and (éapamtance reximming constant, The dose rate was varied from
2.51 x 10° to 1.81 x 10} rad/s.

Figure 5 shows the plot of the data in Table 5, The results show that
the maximum induced-current varies linearly with dose rate at these high
levels; 1. e., the power of delta to which the dose rate is raised is one,
showing that saturation effects dn not occur,

14




Table 5

DOSE RATE VARIATIONS FOR A 1- uF TANTALUM-OXIDE CAPACITOR

Pulse Burst
Number VA (voslts) 11 (mA) I2 (mA) tp (us) D (rad/s)
336 90 800 800 0.1 | 1.81 x 10}
331 90 440 440 0.1 | 1.00x 10!}
332 90 390 390 0.1 | 8.16 x 10
333 90 82 52 0.1 | 1.91x10'°

334 90 16 16 0.1 | 3.32x10°

335 90) 13.5 13,5 0.1 | 2.51x10°

Measurements taken with temperature, capacitance, and
applied voltage constant .

10007
-
100.:
LA
5
*
3
[V
=]
v
L
IO:
1 Cuve Far A |
Experimental Curve
‘ .2 {4 v Yy 4 aj VYUY YT YY ) ANIREEES Jomman Juun BEb BB 2 5 M Sensteantnes Juetete At St S his dn n & |
Y
108 10 10" 10! 10'?
Radiation Exposure Rate
{rad/s) Lo6-184

rigure 5, Induced Current Versus Dosec Rate Variations
for a 1- pF Tantalum~Oxide Capacitor
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The temperature data in Table 6 is shown in Figure 6 as the maximum
current per CVD versus temperature. The increase of current with tempera-
ture is exponential over the range from 0°C to 85°C. These results give a
trapping level of 0. 15 €V and are comparable to the LINAC work shown later
in this report. The temperature variations are discussed later in detail,

Table 6

TEMPERATURE VARIATIONS FOR A 1- 4 F 100-WVdc
TANTALUM-OXIDE CAPACITOR (SAMPLE 42)**

[Voltage
. Ground | Voltage| Side Burst
Variations Side Side (10-6 b (1010 ) d/’ )
ia iy coulombs) rad/s
Pulse ’I‘vn(xgg;’ulure VA (volts) my my Q'I‘ Minimum|Maximum
1
1 20 79.7 | 259.7 | * * 5.87 7.33
2 20 79.7 | 425.9 | 427 3.81 7.07 7.07
3 40 79.7 | 561 545 4. 64 6,68 7.84
4 50 9.7 | 768 763.6 16,0 8,26 9. 51
5 60 79.7 | 179 790 5,64 6. 27 7.99
6 85 9.7 {1221 1227 | 7.64 7.44 8.05
Missing data point
i At constant capacitance, applied voltase, wud near-constant dose rate

lo"’w
[Nw)
Y
O
%
[- %
i o
i C
51071
(@)
'(_‘—8 —B U Y T - re—y " Y
b 20 a0 40 50 60 70 80 90 10

Temperature (°C) [.o0=185

Figure 6, Current per CV'i) Versus Temperature for
a 1~ uF 100-WVdc Tantalum-Oxide Capacitor
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Table 7 presents the data, and Figure 7 shows the plot of radiation~in-
duced current versus time for several different applied voltages. After
reaching their maximum value, the curves fall in a straight line, indicating
that the decay is exponential and can be considered due to one time delay
constant over this time domain, Analytical techniques have been developed
to fit these responses to the curve, The results will appear in the next
quarterly report,

Table 7

VOLTAGE VARIATIONS FOR TANTALUM-OXIDE
CAPACITORS (SAMPLES 42 AND 45)%*

Variations Ground Voltage V(S)]{gige Burst Variations
Side Side (coulombs) D (1011 rad/s)
Puise |V A (volts) ‘12 (mA) i1 (mA) Q Minimum | Maximum
Ty
SAMPLE 42 —1 uF, 100 Wvdc
1 0 14,54 9.63 * 1.28 1,38
2 20 145 140 * 1,06 1.2
3 40 x 343 2,68 x 1070 1,25 1.41
4 70.17 623 626 5.3 x 10'6 1.24 1.25
5 94,2 909 915.7 * 1.26 1.28
SAMPLE 45 — 47 u F, 100 WVdc
1 5 259,17 254 * 1.07 1.44
2 10 540 5217 * 1.15 1.62
3 15 701 704 * 1.31 1.51
-5
4 20 1039 1000 3.6 %107 1.0 1,29
5 30 2590 27217 9.1x10°° 1,26 1,68
* Missing data point
** At constant temperature, and near-constant dose rate
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(2) Ceramic Capacitors

Tables 8 and 9 present the data obtained for ceramic capacitors irradi-
ated at AFXR, Table 8 lists the voltage dependences data and Table 9 indicates
the effects of temperature variation at constant applied voltage. Figure 8 shows
the temperature effects on capacitance.

Table 8

VOLTAGE VARIATIONS FOR CERAMIC
CAPACITORS (SAMPLES 54 AND 55)

Variations Ground Voltage , Burst
Side Side D (1011 rad/s)
Pulse |V A(v<>1ts) 12 (mA) i.1 (mA) Minimuwin | Maximum
SAMPLE 54~ 0, 1 JATF | |
1 0 3.1 4.3 1.4 1.4%7
2 10 9,85 9. 64 1.14 1,29
3 20 8,31 8,67 1. 169 1.25
4 30 22,34 22,16 2,0 2,13
) 40 18,7 10.3 1,37 1.4
¢ 45 16, 62 10,3 1,728 1.728

SAMPLE 56 — 1wl

1 0 0.75 1,13 1. 076 1.15
2 6 18,17 20,0 1.4 1.44
J 10 21.8 21.8 1.1 1.18
4 1 J90.48 40 1. 64 1,72
b 20 d2.2 J1.8 1,217 1,32
() 24 47,19 49.2 1,175 1.83
19
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Table 9

TEMPERATURE VARIATIONS FOR A 0.1- puF
50-WVDC CERAMIC TAPACITOR (SAMPLE 53)

Variations G%‘;‘;;d Voslitgeg"e Capacitance| [ a Ol%uizsxg /s)
Pulse Teml()féz)xture V p(volts)| i o(mA) iy (mA)!  (uF) Vi o
1
2 20 10 0.-56 0. 56 0. 0933 8.59 9.98
3 40 10 0. 26 0.24 0. 09317 8.82 8.94
4 50 10 ———— 0.28 0.0870 10,14 | 10.7
5 60 10 - 0.15 0.0780 8,97 9.83
6 85 10 0. 07 0.08 0. 0495 9.37 9.49

4, METHODS OF CURVE=~FITTING DIELECTRIC PARAME TERS

Since the radiation-induced currents in diclectrics have the dose rate
as their driving function, the burst shape must be processed to achieve a

current source usable in a circuit analysis program,

Transient Radiation

Effcct Automated Tabulation (TREAT) was the processing method used for
this data (Roference 7).

steps.,

Figure 9 illustrates the flow of the data processing

The disadvantagze of the technique is that changes in the weapon profile
or radiation model parameters require recomputation of radiation current
sources by TREAT, and of radiation transient response by the transient

circult analysis program,

The recomputation of radiation transient response

is unuvoidable. However, a method of {eeding the burst shape and radiation
model parameters directly into the transient circuit analysis program could
save considerable time,

o
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Two direct methods for determining radiation-induced transient currents
by a transient circuit analysis program are discussed below:

a. Convolution

The response of a network can be expressed as

t
Y - ) 9
ey fo e, () h(t-)) a), (9)
where
. € ut (t) = output voltage

€in (t) = the input voltage

h (t) = the network response to an impulse function.

The R-C network shown in Figure 10 has an impulse response h(t) =

-t/
1/Rc © TC Therefore,

{
ey ® = ﬁ%—f e, (2)e -(t-X)/RC g (10)

0
The radiation-induced current, ir’ for a capacitor, CT’ is

t ~(t=-\)/T d

. Nt : X n
i, = chpD(t)+§ CTVdn _!; D(\) e dX. (11)

The first term of Equation (11) is linearly related to D(t) and can be handled
by most transient circuit analysis programs. The terms appearing in the
summation cannot be directly handled in a transient circuit analysis program,

‘ 166189

. Figure 10. R-C Network for Determining
Radiation-Induced Transient Currents
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However, the similiarity between Equation (10) and the delayed term of Equa-
tion (11), shows that if a voltage proportional to D(t) is applied to the network
in Figure 10, the output voltage is proportional to the delayed current having
a 1q, equal to RC. In general, the delayed portion of the radiation-induced
current would be

id = CTVd eout(t) Td ’ (12)

n n n

where ein(t) equals f)(t) and 7d, equals RC. Note that the units of Kq, and
Td,, must be consistent with the units used in the transient circuit analysis

program,
b, Integration

If the delayed term of Equation (11) is rewritten as

-t/ AT
b dn t » / dn
id = CTVd e D (\e da, (13)
n n 0

the pr_otl}lzc_cm becomes one of evaluating an integral and multiplying it by CTV
d

K 4 © 1 Since the voltage across the capacltor is proportional to the
n

integral of tltlﬁ zgurr(mt through it, for the cirecuit in Figure 11, where
/ Td

i - D({)e Mand ¢ = 1 unit of capacitance,

t X/Td
¢q =f D(Me  tan (14)
0
And in general

i, =C.W, ¢ N (16)
d, r'd, C

The two methods described offer a way to analyze and, theoretically, to verify
radiation effects on capacitors by using transient circuit analysis programs,

23
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L6G~190
Figure 11. Capacitor Integration of a Current Scurce

Furthermore, these methods may be built into existing and future programs
as a subroutine without sacrificing {lexibility.

5. TEMPERATURE VARIATIONS UNDER LINAC AND AFXR IRRADIATION

In these experiments, the radiation-induced conductivity, as a function
of temperature in tantalum-oxide and ceramic capacitors, was investigated
at a LINAC and an AFXR. The temperature ran e selected was from 0°C to
85°C at dose rate. etween 1.3 x 109 to0 9.5 x 1010 rad/s. The induced cur-
rents were measnred in the two leads of the capacitor to establish the magni-
tude of charge s...ttering effects. Charge measurements made for tantalum-
oxide were taken in the voltage lead. Char, - measurements for ceramic
capacitors were not taken because of the usual damped oscillations associated
with the current response,

a. Tantalum-Oxide Capacitor Irradiated

The duta obtained at LINAC from the exposure of a 1~ uF 100-WVdc
tantalum-oxide capacitor is shown in Table .u. Pulse widths were varied
from 0,3 to 1.5 u s while the voltage applied to the capacitor was held con-
stant at approximately 80 volts. Four temperature settings were chosen be-
tween 0°C and 85°C. To compare the effects of LINAC irradiation to AFXR
pulses, the same component was exposed to AFXR over the same temperature
interval, The voltage applied to the capacitor was again constant and about
the same value as at LINAC.. However, the pulse width was shortened to ap-
proximately 100 ns., The results of the AFXR irradiation are shown in Table
11,

Variations of the radiation~induced current with temperature during
testing were explained by a model with the following characteristics:

e A single electron trapping level (E ) a few KT below the conduction
bund i
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Table 10

TANTALUM-OXIDE CAPACITOR* TEMPERATURE VARIATICNS AT LINAC

tp ( us) D (109 rad/s) i) (mA) im, (mA)
Temperature = 0°C
0.32 2.29 6.0 5.25
0.51 2. 29 10.0 10.0
1.04 1.94 15.25 ---
1.04 1.94 15.256 15. 50
1.50 1.75 21.0 21.0
Temperature = 20.5°C
0.31 2. 24 9.5 8.8
0. 64 1.75 15.5 15.75
1.04 1.75 24.5 -
1.04 1.75 25.0 25.0
1.50 1.81 36.0 36.0
Temperature = 39.4°C
0. 32 1.57 11.5 11.3
0. 60 1.45 20.25 20. 25
0.65 1.51 20.5 20.5
0. 66 1.33 21.0 21.0
1.05 1.39 38.0 38.0
1,57 1.338 .- 40 0
1.87 1.33 - 53.0
1.57 1.33 53.0 63.0
Temperature = 83.8'C
0.32 1.81 26.0 25.0
0. 65 1.45 46,0 1.0
1.08 1.39 66.0 66.0
1. 587 1.33 94.0 94.0

*1- uF, 100-WVdce capacitor at constant applied voltage of 80. 46 volts

--- Represents camera failure or oscillogram response with improper
scale settings
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Table 11

TANTALUM-OXIDE CAPACITUR*
TEMPERATURE VARIATIONS AT AFXR

Temperature (“C)TD(IO10 vad/s) iml(mA) imz(mA) QTl(loascoulombs)
20 .07 4217.0 425.9 3. 81
40 6. 68 545.0 561.0 4. 64
50 8.26 763. 6 768.0 6.0
60 6.27 796.0 779.0 5. 64
85 7.44 1227.0 1221.0 7. 64

Note: Pulse width constant at © proximately 100 ns,

* 1- uF 100-wVvdc capacitor at constant applied voltage of 79,7 volts:
( Same component that was irradiated at LINAC)

e Hole kinetics neglected (holes are assumed to be trapped immedi-
ately or to be immobile)

® Rcecombination at deep lying centers,

In this model an effective mobility is defined (Reference 2) as:

; (16)

where r is the free time an clectron spends in the conduction band and

.
is the time it spends in traps, T is given by T
-E_ /KT,
r -1 SN ¢ fp
T = VoY
26
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where

N the capture cross section of an unoccupied trapping center

v = thermal velocity of carriers
Nc = effective density of states in the conduction band
E = trapping energy level
n
T
T = temperature (°K)

K = Boltzman's constant (8.63 x 10°° eV/°K).

The conductivity that will be observed is then given by

o = hew* (17)
or
neupT
o = L. (18)
(T4 TT)

Assuming T < T ., and knowing the current density, J =0 E, one can express
the observed radi?‘ction-induced current by

-E /KT
ll,r
i = Ne , (19)

where N is a lumped constant possessing a slow temperature dependence com-
pared to the exponential term

-E /KT
o llT

The shallow clectron trapping level is obtalned by plotting log i /CVD versus
1/T, the slope being -En /K. The data shown in Tables 10 'Bnd 11 are

T
used to compare the LINAC and AFXR results (Figure 12), The straight lines
are least squares fit to the data. The slopes determined for the LINAC data
are essentially constant, (2,17 x 103 °K 1 3%). The slope for the AFXR ir-
radiation is 1. 70 x 10Y °K, These results imply an average trapping energy
level of 0.2 eV for the LINAC and 0. 15 eV {or the AFXR. The results agree
within experimental accuracy.,
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b, Ceramic Capacitors Irradiated

In these experiments, ceramic capacitors of high K-formulation barium-
titanate were exposed to radiation at several different sources. The usual
response of the ceramic capacitors to the radiation pulse was a prompt por-
tion of radiation-induced current characterized by the usual dielectric model
and following the radiation pulse. After the pulse, the ceramic capacitor gen-
erated an oscillatery damped mode of constant frequency. This ringing or
oscillation is thought to be due to the use of a piezoelectric material as a di-
electric. If the component is heated by the pulse in a short time (compared
to its thermal-relaxation time), a pressure pulse is developed. The pressure
pulse shock excites the unit, causing it to vibrate at its mi:2chanical resonant
frequency. This vibration generates the ringing output signal seen in the
measuring circuit,

To ensure that these oscillations were not caused by the circuit, dif-
ferent measuring systems were employed with variable circuit parameters.
Temperature, applied voltage, and pulse widths were also varied. In each
case the period of vibration was constant, whether current probes or samp-
ling resistors were used, This indicates that the oscillations are of dielec-
tric origin and not due to circuil ringing. The results of these experiments
are shown in Table 12.

E. CAPACITOR EXCHANGE PROGRAM

1. INTRODUCTION

The present methods for measuring and analyzing transient radiation
effects in capacitors consist of applying a semi-empirical equation relating
the radiation-induced current to the capacitor dielectric, capacitance, dose-
rate, and applied voltage, This equation and its parameters allow a design
engineer to predict the magnitude, duration, and circuit history of the radia-
tion effect from capacitors for which data have been tabulated, To ensure
that this data tabulation is consistent and accurate, ECOM has established a
program of comparative measurenents between data taken by General Atomic
and IBM on the same components,

The largest source of scatter in the data obtained from irradiation of
commercially available capacitors is due to variations in the dlelectric ma-
terial or in the construction of the capacitors. Identically rated capacitors,
whose electrical responses are nearly equal, oftenrespondvery differently to
a radiation burst. This program of comparative testing shows that these vari-
ations can be accounted for and brings the data of independent investigators
into closer agreement,
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Table 12
CHARACTERISTIC OSCILLATIONS IN CERAMIC CAPACITORS

LINAC Data from General Atomic (December 1964, Test)

Variations Observed Oscillations
Pulse tp (us) T (°C)|V A (volts) | Period (u 8) Froequency (106 Hz)
Sample 12 — 0,47 pF, 50 WVdc
3 2 25 15 4,2 0.238
4 2 25 30 4,5 0.222
5 2 25 [ 50 5.0 0.200
Sample 16 - 1 uF, 25 WVdc
3 2 25 7.9 4.4 0.227
4 2 25 15 4,6 0,217
5 2 25 25 4,5 0.222
6 2 25 0 4,0 0.25
Sample 13 — 2,2 uF, 256 WVdc
1 2 25 0 4,2 0.238
2 2 25 2.5 4,2 0.238
3 2 25 7.5 4.4 0,227
4 2 26 15 4.4 0,227
5 2 25 25 4.4 0,227
6 2 25 25 4.5 0. 222
7 2 25 0 4,5 0,222

LINAC Data {from White Sunds (Decombor 1965, Test)*

Sampleo 66 - 1 uF, 28 WVdc

2 2 25 23 4,7 0,213
3 1.5 25 23 4.7 0.213
4 I 25 23 4.7 0,213
5 0.5 25 23 4.7 0,213
30
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Table 12, Characteristic Oscillations in Ceramic “apacitors (cont)

AFXR Data from Physics International (March 1968, Tegt)**

___Variations Observed Osceillations
Pulse tp ()T (°C) VA (volts) | Period ( us) Frequency (10(’ Hz)
Sample 65 ~ 1 wF, 26 Wvde
2 0.1 25 20 4.4 0,227
& 0.1 25 24 4,0 0. 217
4 0.1 26 15 4,6 0.217
b 0.1 25 10 4,6 0,217
6 0.1 25 5 4.0 0.217
7 0.1 20 0 4,6 0. 217
Sample 63 — 0.1 wF, 60 WVde
1 0.1 20 45 4.8 0,217
2 0.1 20 40 4.0 0,217
J 0.1 20 30 4,0 0.217
4 0.1 20 20 4.0 0.217
b 0.1 20 10 4.0 0,217
2 0.1 20 10 4.0 0,222
3 0.1 40 10 4.0 0, 217
4 0.1 50 10 4.0 0. 217
b 0.1 60 10 4,0 0.217
6 0.1 85 10 4.0 0,217
* Signals were monitored using current probos.

¥k Signals were monitored using terminators,

2, DATA COMPARISON

Four capacitor samples from General Atomie are listed in Table 13
under General Atontle ¢haractorization (Reference 8), To compare the data
penorated by General Atomie, 1BM irradlated the same components at the
White Sands LINAC. 'The results of thuse tests are discussed below,

a.  Micu Cupacitors

The radiation-induced current response of mica dielectric capacitors
to the LINAC pulse rises to a flat maxumum, then drops sharply at the end




Table 13

CAPACITOR DATA FROM GENERAL ATOMIC

Capacitor Type Rated iz)i?ucitax\ce Kp(lOGrad “1) A |Sample Number
Foil mica CK5 0.01 16 0. 90 61
Silvered mica CRKS 0.01 25 0. 94 62
Solid tantulum 150D 1.0 3.6 1.0 24
Solid tantalum 150D 1.0 3.2 1.0 25

of the pulse., 'This is indicative of a prompt responder characterized by the
relation that

L= KPCVf) A (20)
whore

Kp = the parameter characterizing the dielectric

C = the capacitance ( uF)

V = tho applied voltage

D = tho dose rate (rad/s)

A a number closo to 1 (dependent on the trapping distribution)

im = the maximum observed current,

With the assumption that mica is a prompt responder, K, can also be
estimated {rom Equation (8). The prompt portion of the charge replenished to
the capacitor is given by

_ VA
Q, = K,CVD= ¢, (21)

From equations (20) and (21), X, values were computed (Table 14), The K
values obtained from current and charge measurements show an average
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Table 14

CURRENT AND CHARGE MEASUREMENTS FOR MICA CAPACITORS

Voltage Side Burst Derived Parameters
Pulse| V, 11 = |Q (10 -0 Lp b (109 Kp (10-6 Qp_ % | Ditference
(volts)| (mA) ] coulombs) |{us)| radss) | rad” 1 )y | CVD b (%)
Sample 61 — 0.0099 uF, 500 WVdc
1 0 0.7 * 2,05 3.14 --- —— -
2 [199.9125.8 * 2.05 2.86 6. 10 --- --
3 |298.6[49.0 1.2 2,05 2.85 6. 98 7.4 17
4 |466.3(75.0 1.8 [2.05( 2.28 7.06 8. 36 16
Hh 1466.0(72.5 1.7 2.05 2.28 G, 82 7.89 14
Sample 62 — 0,010 o F, 500 WVdce
1 0 1.35 ——- 2,056f 1,36 ~-- --- -
2 | 148,513,756 -— 2.05| 1.27 7.28 ~-- -
3 |304.1[23.80 0. 54 2,05] 1,14 6.89 7,59 0
4 |468.4(40, 00 0. 95 2,05| 0.98 8.11 10,2 15
* Camera failure

difference of about 15 percent, This difference points out that there may be

some small delay components that cannot be found in the current measurement
because of the resolution of the system. An estimate of the sum of the delayed
components is given by the difference in the current and charge measurements:

Q
o5 - K = TK, T

CVD p n (22)

n Cln
The data in Table 9§ showanaveragedifference of 1,19 x 10"6 (rad)'l, indicat-
ing that mica can be assumed to have a delay component so small that it is
not indicated in the current response.
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The data in Table 14 show that the maximum induced-current increases
linearly with voltage at exposure rates of about 109 rad/s. The current mag-
nitudes in Sample 61 are about twice those of Sample 62 because the dosec rates
differ by a factor of approximately two.

If the dose rate is raised to the power delta obtained by General Atomic,
then the Ky, values for Samples 61 and 62 are comparable. This comparison
is shown in Table 15 and indicates that the difference in characterizations of
the same dielectric by two independent investigators may se within the experi-
mental uncertainty associated with the determination of de:lta.

b. Tantalum-Oxide Capacitors

In addition to the mica capacitors listed in Table 13, two solid tantalum-
oxide capacitors were irradiated at the White Sands LINAC and compared to
the characterization obtained by General Atomic, The IBM data for this test
were presented in Table 10 where pulse widths and temperature were varied
at dose rates of around 109 rad/s. Temperature is important because an
increase in temperature will increase the radiation-induced current,

The data used to compare the General Atomic work are taken at a tem-
perature of 20.5°C, The analytical techniques used to derive the defining
parameters of the radiation-induced current are presented in Reference 1,
These are the following:

For times greater than the pulse widths (t > t )), the maximum induced
current is given by !

' t/ T =t /T
i) = Cv [DKd 7 (P d~1)] ¢ mod o (23)

This expression is used to obtain Kq when the pulse duration t ' is small com-
pared to T d For the narrow LINAC pulsos, I

. tm/ T4 for t <T
1 (tm)c P d (24)
K, ~ ——r A A .
d CVDtp and t 2 tp

An expression for the time of the maximum current is

—

T-T K
r7Td Td d P
¢ T 0 T [ (2] e
m T4 T 1 T Ki Tq
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Table 15

CHARACTERIZATION OF MICA CAPACITORS

General Atomic Numbers{IBM Values (10 b rad '1)
Capacitor Sample Number| K
(10° 6 rid ) 1) & Kp Kb*
61 16 0. 90 7.12 17.3
62 25 0. 94 8.49 32.4

K,, value obtained when the dose rate was raised to the power of delta
0 .scx ved by General Atomic

Since Kp is extremely smald compared to Kd Ty Equation (25) becomes

TT T

b~ "'Fd_:“‘i‘- log - (26)

The only unmeasurable parameters appearing in Equations (24) and (26) are
Kqand T Theorotical values of Ky and 7§ are scleeted in the time domaiag
of interest and tho computed responses are compared to experimential work by
means of an automated clreuit analysis program (PREDICT), Ky, Kq, and
T4 are adjusted to fit the experimoental data (Table 16), 'Tuble {B ig still in-
complete,; howevor, some agreement canbe inferred in the two indopendent
results observed.  'The power of delta to which the dose rato is ralsed agroes
with Goneral Avomie charactorization,  The first dolay constunt T4y cun he
considered to be part of prompt response but can bo resolved from the data,
Thus, the quantity Ky, + Ky 7gq obtuined from the IBM data should be com-
purable to the Ky, value iound by General Atomie, With this assumption, the
data are in .mx'oomunt

Tablo 10

CHARAC'TERIZATION OF TANTALUM-OXIDE CAPACITORE#*

- ,..' ! - "4
K (rads™h) K, (1073 7 (us) [K, 1072 | o, (107
p 2 4 1 2 2 Investigitor
Allad-s) ) (rad-s) )
3.(3.‘:10“(i i * * * * Goeneral Atomie
5x1007 1] 4.2 0. 85 3.6 2 IBM
* Datua in the process of being anulyzed

*k  Solid tantwlum 150D, 1 g 1,100 WVde (Sample 24),

Vﬂ" e GRS S e -
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Section IIT

MAGNETIC TESTS

A, INTRODUCTION

The purpose of the magnetic tests was to collect data on the operation
of several magnetic devices at high gamma dose rates such as those generated
in the prompt portion of a weapon burst, These data will be used to deter-
mine if more extensive testing of a variely of magnetic materials should be
performed,

To accomplish this task, two types of memory planes with some cores
set in each flux state and one type of high-temperature ferrite core were
tested in a LINAC electron beam. Also, once type of memory plane with cores
sel in each flux stute, a magnetic recording rotor, two types of magnetic
plating test strips, and three types of high-temperature ferrite cores were
tested in the X-ray beam of an AFXR.

B.  LINAC TESTS

A Gemini memory plane and a Saturn memory plane were statically
exposed to a LINAC electron beam, Each core plane had stored information
which was read out after exposure to the beam, In addition to the static tests,
one type of RCA high-temperature forrite core wag exposed to the electron
beam while being elther fully sclected, half-selected, or disturb half-sclected.

1, STATIC TESTS

'I'he Gemind plane, part no. 0144139, conslsts of 4,096 type T-45 multi-
aporture (MARS) forrite mewmory cores,  The type T-45 core is composed of
wforrite matorial known as 108, type 11, The Saturn plane consistsy of 8, 192
type 1'=-02 toroidul ferrite momory cores, The T-62 core {8 composed of
nortil copper manginese.

ach plune wus divided into nine scctions, and cach seetion contained
100 corer Figure 13), 'The memory planes were checkoed out on the Digital
Lyuipmen  Torporation 1620 plane/array tester, The vulput responses of the
coreu in each section were photographed,  Thon, the cores were set to the
flux slidos Usted 1o 'Table 17, The plunes were wrapped with 4 magnetic
shiolding materid to protect the stored information fron stray magnetic
fields,
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G H I
G H i
D E F D E F
A B C
a. Gemini Memory Plane A B C

b. Saturn Memory Plane

L66-192
Figure 13, Memory Planes

Table 17

FLUX STATES FOR MEMORY ARRAY TESTS

Section A B CDEVFGHI

Flux State 1 01 01 01 01

Scctions G, H, and I of both planes were exposed to a 0, 6- us pulse of
clectrons,  The Saturn plane received total doses of 2900 rad at Section G,
3300 rad at Section H, and 2100 rad at Section I. The peak dose rate was
2.8 x 109 rad/s.  The Gemini plane recelved total doses of 1300rad at See-
tion G, 900 rudal SectionH, and 900 rad at SectionI, The peak doso rate was
1.6 x 109 rud/s.  Scctions A through F in both planes were shieldoed {rom
the ¢lectron beum,

After the memory planes were returned from the test site, the individual
gections were read out using the same procedure as for the pre-irradiation
rheckout, Sectlons A, B, and C were used uas referonce sections and were
subjected to the same onvironments as Sections Gy 1, and I, exceptior radlation,
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Comparison of the oscillograms of the core responses taken before and after
irradiation revealed no apparent degradation of the core responses due to the
effects of radiation or any other phenomenon.

2. DYNAMIC TESTS

RCA type 264M1 wide-temperature-range ferrite memory cores were
exposed to a 10-us pulse of electrons at an exposure rate in excess of 109
rad/s, while operating in each of four switching conditions. Technical data
on this core type are shown in Table 18.

Table 18

MEMORY CORE DATA

Parameter Typical Value
Outside/inside 50/30 mils
diameter

Full select current 630 mA
Pulse width 1.5 us
Qutput U V1 80 mV
OQutpul d Vz 12 mv
Switching time 0.90 us

Five cores were connected in series to incerease the signal-to-noise
ratio of the output voltage, This gave an output voltage of approximately
400 mV. The axes of the cores and windings were oriented perpendicular to
the electron beam.,

The cores were operated in the following modes while being exposed to
the electron beam:

e TIull write, followed by  full reud
e Iull write, followed by a half-sclect read

e Full write, followed by two hali-sceleet read pulses, then a full read

e [ull reud, followed by two half-select write pulses, then a full read.
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Photos were taken of the core output responses and drive currents in
each of the four switching modes before, during, and after irradiation. The
output responsesanddrive currents inthe first switching mode were also moni-
tored while the machine was being pulsed, but the electron beam was stopped
by an aluminum block in front of the core sample. The purpose of this test
was to check for non-radiation problems, such as the r-f field associated

with the LINAC. All tests were performed in the test circuit shown in
Figure 14,

Comparison of the photos taken before and after irradiation with the
photos taken during irradiation showed no apparent degradation of the core
responses. TLD dosimetry was not employed for this test. However, by
determining the dose rate at the same location for an equivalent current
pulse, the dose rate was estimated at 2.7 x 109 rad/s. The oscillograms

of the ""one'" output before, during, and after irradiation are compared in
Figure 15,

lw 50
Input ——'6
5082
IR
Input _ j
===t ]
i |
; | N | 5 - 264 M
[ | CL«D Cores
IR of 1y : !
e e e — ]
500 Current Probe
Core
Output -)
5052
= LOUSIV3

Figure 14, Core Test Circuit
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a. Pre-lrradiation

Vertical — 200 mV/Division

Horizontal -1 p.s/Division

b. During lrradiation

Vertical — 200 mV/Division
Horizontal — 1 us/Division

c. Post-lrradiation

Vertical — 200 mV/Divlision
Hortzontal — 1 us/Division

Hov =314

Figure 15, Core Oulput Responses for  Dose Rate of 2.7 x 109 rad/s
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C. AFXR TESTS

A Gemini multi-aperture memory plane, a drum memory recording
rotor, and magnetic plating test strips were statically exposed to the AFXR
beam. The memoryv plane and the recording rotor had stored information
which was read out after exposure to the X-ray beam. The magnetic plating
test strips were tested before and after irradiation to detect any changes of
magnetic properties. In addition to the static tests, three types of high-
temperature ferrite memory cores were monitored in the AFXR environment
while operating in various electrical modes.

1. STATIC TESTS

a. Multi-Aperture Memory Plane

The same Gemini multi-aperture memory plane tested at the LINAC
was selected for testing at the AFXR. A second Gemini memory plane was
prepared as a reference plane and was packaged with the test plane to detect
if the test plane was subjected to any disturbing influence due to shipping,
handling, temperature, etc. The two planes received the same environmental
conditions except for the radiation exposure.

Each plane was divided into nine sections with information stored in
each section. The reference plane had 16 cores per section with "ones"
written into every core. The test plane had 100 cores per section with in-
formation stored in the pattern shown in Figure 16, The terminations of two
x-lines and one y-line were shorted to provide two closed current paths in
the x-direction and one closed current path in the y-direction. The shorted
windings were used to determine whether the charge scattering effects on
current could be enhanced by lowering the external circuit impedance.

The 1/0 section in the center of the plane was the radiation target,
with the other sections receiving fringe effects. The divisions of the center
gection into half "ones' and half "zeros'" with both open and shorted drive
lines produced eight distinet conditions (Table 19).

The memory planes were checked out on the Digital Equipment Cor-
poration 1520 plane/array tester. The oulput responses of the cores in
cach section were photographed. The cores were then set to the indicated
flux states. )

The test plane was exposed to one AFXR pulse centered at Section B,
The dosimelry data is presented in Table 20,
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Figure 16. Memory Plane Test Configuration

Table 19

MEMORY PLANE TEST CONDITIONS

166-194

X-line Y -line ;Iﬁilsiéeresis Number of Cores
Shorted Open 1 9
Shorted Open 0 9
Open Shorted 1 5
Open Shorted 0 3
Shorted Shorted 1 1
Shorted Shorted 0 1
Open Open 1 45
Open Open 0 27
43
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Table 20

GEMINI MEMORY PLANE DOSIMETRY DATA

Section Dose(rad) Dose Rate(mll rad,’s)
A 2800 0.077
B 3500 0. 097
C 3100 0. 085
D 3600 1.0
E 4600 1.3
F 4600 1.3
G 4200 1.2
H 5700 1.6
I 4900 1.4

After the memory planes were returned from the test site, the individ-
ual sections were read out using the same procedure as for pre-irradiation
checkout., Comparison of the pre-irradiation data to the post-irradiation
data of the reference plane established that no damage was incurred during
routine handling and shipping. Comparison of the pre-irradiation photos to
the post-irradiation photos of the test plane gave no indication that the flux
state of the cores had been altered due to the effiects of radiation.

b. Drunm Memory Recording Rotor

A drum memory recording rotor having a nickel-cobalt plating with a
coercivity of 225 oersleds was selected for evaluation, Patierns of continuous
"ones'" were written on 10 tracks across this rotor and on two tracks of a
reference rotor, The read-back amplitudes {from both rotors were recorded
for comparison to the read-backs after irradiation,
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The rotor was exposed to an AFXR pulse of 4700 rad at a dose rate of
1.4 x 1011 rad/s at the point on the drum nearest the AFXR tube. The
read-pacl amplitudes of the test drum after irradiation were compared to
the read-back amplitudes prior to irradiation in Table 21. Also given are the
read-back amplitudes of the reference rotor. Comparison of the pre- and
post-irradiation read-backs shows no aﬂ)arent degradation due to X-ray
irradiation at rates as highas 1.4 x 1011 rad/s. The minor discrepancies
are within experimental accuracy.

Table 21
RECORDING ROTOR READ-BACK AMPLITUDES

Peak-to-peak
Track Number amplitude (volts)
Before After
Test Rotor - Number 33

11 10.90 10.0
14 11.0 11.0
20 11.0 10.5
25 11.0 11.0
31 11,0 11,0
35 11,5 11.0
40 11,5 11.0
45 11,5 11,0
55 11,5 11,0
60 11.5 11.0

Reference -Rotor - Number 243

20 11.0 11. 0
60 11.0 10. 5
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C. Magnetic Plating Test Strips

A plating test strip of the same magnetic material as the recording
rotor (225 oersteds) and a plating test strip of an experimental material
having a coercivity of 690 oersteds were exposec to an AFXR pulse. The
225-oersted material received a 4700-rad pulse at a peak dose rate of 1.4
x 1011 rad/s. The 680-oersted material received a 650-rad pulse at a rate
of 1.8 x 1010 rad/s. Since a minimum rate of 1011 rad/s was desired,
this material was exposed to a second AFXR pulse. This time the test strip
received 4500 rad at a rate of 1.2 x.1011 rad/s.

Pre- and post-irradiation hysteresigrams of the test strips were com-
pared to detect any changes in the magnetic properties of cither material,
Neither sample showed any change of coercivity, remanent magnetization,
or loop squareness.

2, DYNAMIC TESTS

The behavior of three types of ferrite cores capable of operating over a
100°C temperature range in coincident current memories was investipoated
in an AFXR environment in various clectrical and physical confipgurations,
The tests were designed to show i the high dose rates obtadnable from the
AFXR can cause a failure and if some configurations are more susceptible
than others.

The test apparatus was designoed with lead shiclding in front of the cux-
rent probes and in front of the cable ends connected to the test sample,  'T'he
dose rate at the fuce of the AFXR tube was less than anticlpated so the lead
shielding in front of the cable ends was removed to position the test sample
at the face of the AFXR tube, Dose rates in excoss of 1011 wd/y wore ob-
tained with this configuration, Operating with the cable ends and tost sample
socket unshielded inercased the anount of maleriul directly in the bown,
causing large currents due to charpe scattering in tho tost elreult during the
pulse.  This test was not designed to detormine fullure mechanlsms or to
extrapolute rosults; however, severil inforences can be wade from the dita
obtainoed,

i, Test Porformuance and Rosulty

Thoe devices testod wore RCA high-temporature foerite coron, typos
204M1, 270M1, and 167ME. A fourth core type, Indiung Goneral MC22Y, wad
proparod for tosting but was droppod from the tost plan because of luck of
timo at the test facllity,  Technleal data on the four coro fypos {8 glvon in
Tuble 22,
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Table 22

MEMORY CORE DATA FOIL FERRITE CORES

Paramoler 264Mil‘y )im'lzlru\)/&llucs F(ix(‘3 }IR/;}SCONSI\A(.‘:ZW
Outsidu/l‘nsidc Diameter (mils) 50/30 ) 30/18 30/18 50/80
Full Scleet Current (mA) 630 800 626 700
Pulse Width (8 1,5 0.5 0.8 2,6
Output d vy (mV) --- 6h 50 -
Oulpul u V1 (mV) 80 - o b2
Output d V,‘6 (mv) 12 0 4 8
switching Time  (pus) 0. 00 0. 41 0,68 1,36

Cores {nu colneddont current memory are full=selected by simulty-
neously half=gelecting i both the X and y directions,  'T'o duplicute this cons
ditfon, cuch test sumple wus wired with wn x-winding; iand ay-winding in

gordoy to !

all=soloet wnd operated independently to half=soleet, T'he output

voltuge wis monttored aeross & sense winding,  These windings wore wound
throuph soveral cores o nereuse the output voltupe (o approsimately 200mv,
Ten tost sumpleg wore peepared for testing in vairlous conflgurationy:

Sumple 1 = Three cores of type 204M1 wound with one x-winding,
one y=winding, and vue senue winding,  The corey were pusttionod
cowstully with the bean,

Sunple 2 - Tour cores ol type MCEZY In the sime cuntipuriation uy
siaple 1
Suple § < Four coros ol typo 270ML In the siane conflpguration ay
smple 1

sSwmple 4 - Flve coros ol type 10YUMD T the same contlpuration ay
witinplo

sumple b - Three coros of type 204M 1L in tho swme confipuration

swmple 1, C'he coros and the windings wore pottod with Dow Corulng
X'1'-40-110 mothyl phionyl slloxune,
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e Sample 6 - Three cores of type 264M1 wound with an x-winding,
one y-winding, one sense winding, and a fourth winding which was
referenced to a d-c¢ voltage. The cores were positioned coaxially
with the beam.

e Sample 7 - Core windings arranged identical to sample 1 but
without any cores

e Sample 8 - Identical to sample 7 but encapsuiated with Dow Corning
XT-40-110 methyl phenyl siloxane

® Sample 9 - Three cores of type 264M1 wound with one x-windiug,
one y-winding, and one sense winding. The axes of the cores
were positioned perpendicular to the beam.

¢ Sample 10 - Three cores of type 264M1 wound with one x-winding,
one y-winding, and one sense winding, The x-winding had the
length and physical arrangement of a typical multi-level niemory.
The cores were positioned coaxially with the beam.,

Ilach of these test samples could be tested in any of the following switching
conditions:

¢ Full read, during the AFXIt pulse, of cores in the "one" flux state
e Full read, during the AFXR pulse, of cores in the "zoro" flux state

¢ Half-gelect road, during the AFXR pulse, of cores in the "one"
flux state and full read after the occurrence of the AFXR pulse

¢ Hall-solect write, during the AFXR pulse, of cores in the "zeoro"
flux state and full read aftor the occurrence of the AFXR pulse,

The full-golect tests were performed in the clreuit configurations shown
iy Figure 17, A half-select pulse was applied through the x- and y-windings
connected in sorios to obtuin a full-select drive. Curronts weroe monitored
during the AFXR pulse al the points indlcated on the diagran,  The output
voltuge was monitored differentially across the cable termination resistors.
The tost cireuit was operated in two physical conditions:

¢ Condition 1 (R1 = 50 ohms, R2 = 0 ohms) placed the drive windings

in the grounu side of the drive cable termination, which reforenced
the drive windings to zero volts
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e Condition 2 (R1 = 0 ohms, R2 = 50 ohms) placed the drive windings
in the voltage side of the drive cable termination, which referenced
the drive windings to the drive potential (e.g., type 264M1 has a
drive current of 315 mA; therefore, the drive potential is equal to

T

315 mA times 5081 = 15,75 volts). \
+ Qutput Voltage
utpu ag 0'——[;5-{) J

Output Current (in) & <) 0000 OO—L=="—"= -;
| i
) ! !
e e p—— g
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L (in) I | |
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) |
—t--- “.u
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O
-—f
o
AAAS
L-- -J

R2

6~ 195
Figuro 17, Full-Select Tost Circult boo-19

The half-seloct tests were performed in the eircuit configuration shown
in Figure 18, A half-select pulse was applied to the y=winding during the
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Figure 18. Half-Seloct Test Circuit
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AFXR pulse. The x-winding was used to set the core in the proper flux state
and to full read after the pulse. Currenis were momtored during the AFXR
pulse at the points indicated on the diagram. The output voltage was monitored
differentially across the cable termination resistors. This circuit was also
operated in the two physical conditions described for the full-select circuit.

The test was performed inside an aluminum R-F shield box positioned
against the wall of the exposure room at the beam entrance. A 6-inch-thick
lead shield protected the current probes from radiation. The cable ends
connected to the coreswere shielded by a 2-inch-thick lead shield. Table 23
lists the tests performed in this configuration and the dosimetry data for each.

Table 23
CIRCUIT TEST DESCRIPTION WITH CABLE ENDS SHIELDED

Sample Drive Winding| Dose Dos% Rate
Number Test Description Reference | (rad) | (1010 rad/s)
1 Full-select read, during Ground 2200 6
9 AFXR pulse, of cores Ground 2500 7
5 in "one'" {flux state Ground 1200 3.4
7 Full-select read, during Ground 1600 4,2
8 AFXR pulse, of core windings Ground 2300 6

Currents due to charge scattoring were observed in all leads; however,
no core switching failures were observed. Thoe currents observed in the
sumplos without cores wore comparablie to the currents observed in the
sumples with cores. The currents observed in the potted sanmples were
comparable to the currents observed in the samples which were not potted,

The lead shield in front of the cable ends was rentoved to allow the
samples to be positioned cloger to the AFXR tube to obtain higher dose rates.
Table 24 listy tho tosts performed in this configuration.

In cach case, the cores exhibited the proper output during and after
the AFXR pulse. Curroent due tu charge scattering was observed in every
load, The currents observed in the samples without cores weore com -
parable to the currents obsorved in the samples with cores. Exposure of
the test fixture without a sample plugged in indicated that approxiraately half
the current originated in the test {ixture. When the drive windings were
roferonced to ground, the current in the lead connected to ground was much
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Table 24

-r CIRCUIT TEST DESCRIPTION WITH CABLE END SHIELD REMOVED

sample | Drive Winding ! Dose Dose Rate
7 Taut Description Number Roference (rad) (1011 rad/s)
2 Full-select read, during thu 1 Ground 6500 1.8
AFXR pulase, of cores in the 1 Drive potential | 5830 1,6
"one' flux state 5 Drive potential | 6300 1.6
10 Ground 4800 1.3
Full-seleot read applied 7 Drive potential | 4700 1.3

to core windings during the

AFXR pulse
Full-geleot read, during the 1 Ground 5400 1.7
AFXR pulse, of vores in the Y Ground 5800 1,6

"zoro' flux atate

Half«soleot read, during the 1 Urownd 4000 1,2
AFXR pulse, of vorow in the 9 Ground 4300 1,2
"one' flux state 0 Ground 8600 P
10 Uround 7300 40
J Uround 4300 1.2
J Drive potontlal | 4600 12
{ tirouad 4200 ¥
4 Drjve potential | 3400 L
Hulfeseluot peud appliod 1 teound 4600 1,8
to vure windings during the " Ledve potential | 4300 1.2

ALFXR pulwe

i Hall-geleot weite, during tha 4 tUround o Lo
!
: AFXI pulse, of voras ia the 4 Dedve potantial | 4000 1.4
“zoro' flux state 4 Uround 4200 12

i Taut [ixture without brive potentiel | 3000 1.1
‘ o sumple

H
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larger than the lead connected to the generator through the termination

resistor. When the drive winding was referenced to the drive potential, the
currents in both leads were comparable. This appeared to be due to the matched
impelance to ground (the 50-ohm termination in-one lead and the 50-ohm
generator impedance in the other lead) rather than the presence of the drive
voltage, because the sense winding always had a matched impedance to ground
and currents comparable to each other.

Since the core switching was not influenced by the AFXR beam at dose
rates available in the exposure room, the IBM shield box and the front wall
of the exposure room were removed to permit a higher dose rate by position-
ing the core samples against the face of the AFXR tube. The extremely high
R-F noise level with this configuration did not permit data recording during
the AFXR pulse. The following is a description of the tests performed and
the effects observed under these conditions. All tests were performed with
Sample 3.

While set to the "one' flux state, the core was half-select read during
the AFXR pulse. Post-irradiation read-out revealed that the "onre'" stored in

the core wae destroyed. The dose was 10, 800 rad at a peak dose rate of 3 x 1011

rad/s. Figure 19 compares the "one" output recorded before the pulse to the
output recorded after the pulse.

a, Pre=lrradlation b, Post=ltradiation
Vertical = 100 mV/Division Vertlcal = 100 mV/Division
Horlzontal = 100 ns/Division Horlzontal = 100 ns/Diviston
Figurc 19, Core Output Responge of a "one' Output 166315

Bofore and After 10, 800 rad

The above test was repoated to vorify that the stored information was
not lost due to u mistake in the procedure or due to a froak occurrence. The
stored "ong' wis destroyed during the AFXR pulse. The dose was 8100 rad at
a pouk rate of i, 2 % 1011 prud/s. Figure 20 compares the "one" output recorded
boefore the pulss to tho output recorded aufter the pulse.
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a. Pre=lradiation

Vertical = 100 mV/Division Vertical = 100 mV/Division
Horizonta! — 100 ns/Division Horizontal ~ 100 ns/Division
Figure 20. Core Output Response of a "one'' Output H66-316

Before and After 8100 rad

With the cores in the '"zero" flux state a half-select write was applied
during the occurrence of the AFXR pulse. Post-test read-out revealed that a
"one'' was partially written into the core. The dose was 10, 000 rad at a peak
dose rate of 2.7 X 1011 rad/s. Figure 21 i{s the comparison of the "zero" out-
put recorded before the pulse to the output recorded after the pulse,
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a. Pre-rralulon g Posfrra latlon
Vertical = 100 mV/Divislon Vertleal = 200 mV/Dlvislon
Horlzontal =~ 100 ns/Dlvision Horizontal = 100 ns/Division

Figure 21, Core Output Responses of a "'zero' Output
Beforo and After 10, 000 rad H6G-317

The core was set to the "one" flux state, thenexposed toan AFXR pulse.
Post- irradiation read-out revealed that the 'one" was destroyed. The dose
was 8600 rad at upoukdoso rateof 2. 4x1011 rad/s. Figure 22 compares theone"
output rocordod before the pulse to the output recorded after the pulse.
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4. Pre<lrradiation b. Post=lrradiation
Vertical = 200 mV/Division Vertical = 200 mV/Division
Horizontal =~ 100 ns/Division Horizontal — 100 ns/Division
Figure 22, Core Output Response of a "one'" Output H66-318

Before a.d After 8600 rad

The core was definitely failing at dose rates only slightly higher than
the rates received inside the shield, where no failures were observed. The -
core was set to the "one™ flux state and exposed to an AFXR pulse at a dose
rate equal to the rate received inside the shield. Post-irradiation read-out
revealed that the "one' was destroyed. The dose was 6000 rad at a peak dose
rate of 1,7 x 1011 rad/s. Figure 23 is the comparison of the "one" output
recorded before the pulse to the output recorded after the pulse.
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d, Pre=lrradiation b, Post=lrradliation
Vertical = 200 mV,/Division Vertizal — 200 mV/Division
Horlzontal = 100 ns/Division Horlzontal ~ 100 ns/Division

Figure 23, Core output Rospoenses of a "one' Output Bl
Before and After 6000 rad H6G-31Y
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The core was set to the "zero" flux state and exposed to one AFXR
pulse. Post-irradiation read-out showed the "'zero' output after irradiation
to be identical to the ""zero" m.tput before irradiation. The dose was 10,600
rad at a peak dose rate of 3 x 1011 rad/s.

Stored information was destroyed at dose rates between 1.7 x 1011 and
3 x 1011 rad/s in the combined X-ray and r-f environment. When the r-f
noise was shielded, the cores switched properly at dose rates as high as
2.4 x 1011 rad/s. To establish r-f noise, and not the AFXR pulse, as the
cause of core failures, several full-select and half-select tests were repeated
inside the aluminum shield box. The cores switched properly at dose rates
between 1.7 x 1011 and 2.1 x 1011 rad/s. Results show that the observed
failures were not caused by the X-ray pulse.

b. Failure Mechanisms

The most obvious mechanisms which might induce a core failure are
those associated with air ionization and charge scattering. Because of the
small dimensions of typical cores (<0.01 cmé section), failures due to
charge scattering from the cores alone would be expected at dose rates far
in excess of those in the actual test. However, if the dimensions of a core
plane and its connectors are considered, the above statement xnay no longer

... be valid.

In the test, signals of the order of 100 mA at 2 X 1011 rad/s resulted.
Since the currents measured in both ieads to the sense winding were of the
same polarity, these currents were attributed to chargoe scattering effects.
The polarity of these currents indicates that electrons were being scattered
out of the core, the core winding, and the test fixture. Assuming a charge
scattering coefficient of approximately 1 picocoulomb per rad-cm%, and con-
sidering the cxéoqs -sectional areas of the test fixture, core windings, and
cores (~1 cm¥), the size of currents measured are consistent with currents
expeceed from chargo scattering,

The 264M1 test core is normally switched by a 0. 6-A pulse approximately
1. 5us wide, Since the radiation-induced currents only lasted approximately
0, 1as, a direct estimate of a failure level was not possible. To determine the
offect of a narrower, more intense pulse, bench measurements were made of
the input current versus the pulse width necessary to switch the core. During
the test, the pulse width was held constant and the input current was varied
until the output voltage waveform was similar to that for the 1. 5-ps case,
Approximately 1.4 A was required to switch the core, witha 0, 1- us pulse,
This would indicate that core failurcs due to charge scattering off the core
winding, the tc% fixture, and the core are likely to rosult at dose rates
approaching 104 rad/s.
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Although no core failures attributable to the radiation pulse were
observed, losses of core-stored information could possibly result at dose
rates higher than 1011 rad/s. Cores requiring less current for switching
at these pulse widths would be even more sensitive. In an operational con-
figuration, the dose rates which might cause loss of cure-stored information

would be determined by the current necessary to switch the cores and by the
packaging of the core.

D. CONCU LSIONS

These tests showed that the radiation from either a LINAC or AFXR
machine does not affect information stored in cores and other magnetic
devices. No significant additional data will be obtained until dose rates at
least 1012 rad/s are available at a distance from the source sufficient to
allow adequate shielding of the test instrumentation.
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Section IV
DOSIMETRY

A, INTRODUCTION

The dosimetry agsoclated with the SPRF, the LINAC, and the AFXR
radiation tests is discussod in this section, The dosimetry techniques eme
ployed have been detalled (Roferences 1 and 2). Only the dosimetry pertinont
to the tests cnnducted under this contract will be summarlzed here.

Stundard dosimetry techulgnoes were used, except for the SPRY oxpert-
ments, in which the neutron=to-gamma-ray {lux was wtored, and the LINAC
tosts, in which speclal procautions wore obsorved rogurding sample goom-
otry. The oxcoptions will be teonted in detall, The standard techniques in-
cludo thoe followiny.

1. GAMMA DOSIMETERS

Silvor-uctivaiad gluss fluorods or lthium -{louride thormo-luminescont
dosimoters wore used for gummua dose detorminutions, These dosfinotors
wero calibrated at u Colbult-60 radioisotope source aguinst secondury stund -
ard Lundsvork roontgen chumbors, At the SPRF, lithium shields enclosod
the gluss vods,

2. NEUTRON DOSIMETERS

The SPRE dosinotry group suppliod ull tho neutron {fluonce datu, Thoese
dutih wore dorivod from u sot of throshold dosimetors: plutonium, noptunium,
uraniunm, sulfur, and gold. Tho stundard neutron enorgy throesholds for these
dogimetors are >10 kev, >0, 6 MoV, > 1,5 MeV, >0, 3 MeV, and <0, 4 ¢V, ro-
spoctivoly.  Plutonium fluences uro roported in this documont,

B, DOSE RATE DETERMINATIONS

1, GAMMA RATE DETERMINATION

In all casos, gurma dose rates were determined from the dose (D) ob-
sorved by a gammai dosimeter located on o componoent, and a remote detector
signal (current), I(t). Doso rates were calculated from the relation

D(t) = DIt)/Q, (27)
where Q is the time integral of I(t).
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I(t) was obtained from a silicon PIN diode, a phosphor-photodiode, and
an aluminum block, at the SPRF, AFXR, and LINAC, respectively. At the
SPRF, the PIN was placed on a4 common arc with the components; at the
AFXR, the detector was placed directly behind the test samples; and at the
LINAC, the block stopped that portion of the electron beam which was not to
strike the componunts under test.

2, NEUTRON FLUX DETERMINATIONS

At the pulsed roactor, neutron fluxes N(t), weore dorived from thoro-
lation

N(t) = NI(t)/Q,, (28)

where N 18 the neutron fluenco and Qp is the time integral of I(t) over the
prorapt portion of the reactor pulse, *This assumes that the noutron fluence
decays vory raplidly after the poak of a burst,

This approximution {8 roquired because of the lack ot & puro noutron-
sensitive (gamma-ingensitive) dotector, wnd the luck of information rogurd-
ing tho histories of relutive noutronsto-gammas-ray timoe during a reactor
burst,

C. ALTERATION OF NEUTRON-TO-GAMMA RATIO

Al the SPRF, tho noutron-to~gumma-ray ratlo of sevoral bursts wus
altoroed using various polyothylene und load shiold combinutions (Rotference 9),
'Tho tost sotup for thoso tosts iy llustruted In Flgure 24, Polyothylone wus
used to dograde the intensity of the noutron flux without significantly altoring
the gummu ruy flux. Loud dograded the gammu ray flux without significuntly
degrading the neutron flux, Filgure 25 illustrutes the noutron fluonve varlation
vorsus the gamma doso obtulned during the tost serios, Noto that tho fust
noutron spuctrum wus not signiticuntly altered during the test,

D, LINEAR ACCELERATOR TESTS

Bocuause direct olectron irradiutions woro porformed, procuutions
wore nocossury to assure muximum uniformity of dose doposition lu tost
sumples, Tho proecautions woere necossury for two rousons:

e Tho short rungoe of tho oloctrons limit the depth of tost sumplos,

o The oloctron boam spatiul distribution Hmits the dose rate unlform-
ity of sumples transvorse to the beum diroection.
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Center=Line of Experiments

\/ (9-1/4" to reactor center)

\'\.\ Integral Dosimetor |
/"/Locaﬂons :;
f :'

1/4" Polyothylene
Fixed

Variable Lead -
Thicknesses Y polyethylene

Sandia Pulsed
Reactor

Log.1yy

Figuroe 24, Exporimentul Arvangomoent for Noutron und
Guminu Sensitivity Tost

Tho dose (D) delivored to a thin sumplo by an olectron beum {8 piven
by tho relution:

1 dE 11 -,
DH.TW..m CQ, (28)

and this dosue Is dollveroed ut o rate

! 1 9 0 11 '
Do = T %ﬁ( « 107%. 9, (‘30)
whoro,
. L »}dl‘c“ w Lho mtorial stopplng powor in MoV —-cmg/ i
D d Q] A l tni,

J - the boum curront donsily in ump/mn‘)‘
Q = the totul chargo dolivored in uuul/c’mJ
''he range (R 0) of thoye eloctrons is

[ " [} \ " N 2 é
R < Lc/"‘ 8 gm/cem (30)
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to within 20 percoent in the energy intorval, 1 <Ey <100 MoV, where Ey s 4
the energy of incident electrons. In actual practice, the dose in a muterial
is a function of the depth of the matoerial (Figure 26),
¥
P
Dose
|
0
|
|
i I
Depth Ry Lute Lyy
lgure 20, Eleoctron Irradiation Dose us a Fuictlon of Depth 4

'To uvold lurpo difforences in dofje, tho muximum depth of test suniplos
wus rostrletod Lo Ry/2 = B /4 gm/em@ In the LINAC tosts, Diforencos in
duso rute purpendiculur o The direction of the beam hud to be minhol, I'rom
Lyuation (20), sputial variations In boum curront donsity (J) will cuuse dif-
foront doso ratos ueross o swmple bn the LINAC oloctron boun, In Roforence
10, the Jcllowlng tormule is derlved, reluting the pouk dose rute (D), boeum
curront (IL}). sumplo longth (1 ¢), wnd doso rilo non=unlformity paranotor

(8), for wluugslun beum current distribution:
oo 4xi1o0Y L an .
o/, « A8 (L WY Jug (1/8), (31)

Botu (B) s the ratio of tho doso rate al the edgoe of the sumple o the
pouk dose rato at the contor of the sample.  For muteriuls with atomic num-
bors botwoen 3 und 80, und for cloctron enorgios botween 1 and 100 MoV,

. 2
1 dbi , MoV - ¢ 0
-'/3'&}?."1'51()‘6 S ' (82)
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Thus,

9
!ff-« = 1.01 x 101 105 (1/8). (33)

Equation (33) {llustratos the corrolution of sumple size and peuk dose rate
when using direct cloctron boam irradiations.

For tho LINAC tosts, tho maximum length of test sumplos was 2,6 om,
Bwus choson to bo 0.8 to agsure a + 10 purcont doso uniformity across the
lurgoest test uumples, and w maximum Iy of 0.6 A wus achleved. Equution
(88) prodicts u muximum dose rute of 1.6 x 109 rad/s for this cuse,

Although tho ubove oquation wus usoful for planning the LINAC tests
and sotting instrumentation scule fuctors, dosimetric boam mups woroe still
nocossury at tho tost sitoy to ostublish doso rate profiles for euch purticular
uccolorutor. This wus dono using 4 Hthium=fluoride thormo=luminoscunt
dosimotor. 'The obsorvod pouk dose ratos, corresponding to u B of 0.8,
ugrooed with tho rosult from Equution (33), Extensive Instrumentution scule
factor changos at tho tost sito wore thereby uvolded,

One furthor procaution wus obsorvod ut tho tost site, To uvold orrors
cuusod by tho souttoring of olectrony, dosinivtors wore altuchod to the sidos
ruthor thun to the front or rwwr of the frrudiuted compononts, For the lurgor
componenty, the doso ratos vbltuined from the doslimetors wore lowor thun the
nild=boum dosoe ratos by u fuctor of 0,8, ‘Tho ertor wus losy for the smullor
componenty, uy wuy the uode rute non-unlforiity.
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