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SECTION I
INTRODUCTION

Significant progress has been made in the development
of pulsed low voltage electron beams for both IEMP and SGEMP
simulation! The electfons are produced by flash X-ray
pulsed power systems with large area plasma cathodes. The
emitted electrons are utilized by allowing them to pass
through very thin transmitting anode mesh/foil structures.
Their characteristics, which can be varied by changing

machine and diode parameters fall into the following ranges:

Electron Energy, V 1-100keV

Current Density, J 0.1-100 amps/cm2

Pulse Width, t 2-100 ns (fwhm)

2

Area, A 100-1000 cm

Such electrons have been injected into cavities of
varying geometries and pressures in order to assess the
magnitude of IEMP currents and associated fields?® Also,
inverted geometries have been used to simulate exterior

emission of photoelectrons from surfaces in SGEMP studies’

These electron beam machines have been modified to
produce low voltage bremsstrahlung X-rays using a tantalum

target as the anode. Maximum X-ray fluences of 2 X 10"3

cal/cm2 have been produced over areas of 30 cmz.

The purpose of this report is to summarize the status
of this type of simulation and to indicate areas of research
to which the technology might be applied. The techniques




for producing and characterizing these beams are described.

Representative IEMP and SGEMP experiments are discussed and

data presented.




SECTION IT

ELECTRON GENERATTON

2.1 PULSED POWER SYSTEMS

The electron beams have been produced using Simulation
Physic's SPI-PULSE machines. These are solid dielectric
coaxial lines with approximately 2 ohm impedance that are
d.c. charged with a Van de Graaff generator to voltages up _
to 500 kV. Three machines are used, the SPI-PULSE 2500, i
5000, and 6000. A summary of their nominal characteristics
is presented in Table 1. A photograph of the SPI-PULSE
5000 is shown in Figure 1. The difference in generators is
the voltage to which they can be charged (the SPI-PULSE
6000 has the highest) and the front-end discharge geometries, ;
The 6000 has been modified to have a lower inductance
geometry than either the 2500 or 5000. This results in a i
faster diode current risetime: 25 ns as compared to 50 ns

and 40 ns for the 2500 and 5000 machines, respectively. é

Once the machine is charged to the desired voltage,
the stored energy is discharged through a gas switch into a
diode with a large area plasma cathode. The SPI-PULSE
2500 and 5000 have a single breakdown channel, while the
6000 has six trigatron-initiated parallel channels for
lower inductance and faster current risetime. The trigatron
arrangement also allows synchronous switching with +2 ns

jitter.

22 DIODE PULSE TAILORING TECHNIQUES

A representative diode geometry is shown in Figure 2.

An 8-inch-diameter, 40-ohm vacuum coax expands through an 8-




Nominal SPI-PULSE Generator Characteristics

Table 1

SPI-PULSE

PARAMETER 2500 5000 6000
Impedance 1.6 ohm 1.8 ohm 1.8 ohm
Charging Voltage 150 kv 300 kv 500 kv
Electron Energy 1-80 keV 1-150 kev 1-250 keV
Peak Current 20 kA 35 kA 50 kA
Current Risetime 50 ns 40 ns 25 ns
Pulse width at 3-150 ns 3-250 ns 3-400 ns
Half-Maximum
Size 3 "Dia. x 3 Dilac 5 3' Dia. x

15' Long _ 15" Long 15' Tong

10




Figure 1. SPI-PULSE™ Model 5000 Electron Beam Generator
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inch-long transition section into a 1l2-inch~diameter, 9-ohm
cathode holder. The surface of the cathode is textured to

initiate field emission over its entire area.

In normal operations the diode exhibits underdamped
R-L-C Circuit response. In this case, the pulse width
corresponds to the ringing frequency of the system and is

typically 120 ns (baseline).

In order to achieve shorter pulse widths the diode is
"crow-barred" by using a very narrow anode-cathode separation
(1 - 3 mm) and adding low-density air in the gap. A given
pulse width depends upon the machine charging voltage, the
cathode edge geometry, the gap spacing, and diode air
pressure. Figure 3 shows the effect of varying machine

charging voltage, gap, and diode pressure upon pulse widths.

The effect of this crow-bar technique is to shorten
the current pulse transmitted through the anode by cutting
off its trailing edge, i.e. by completing machine discharge
in a short-circuit mode. The technique does not effect the
leading edge. Pulses as short as 1 ns (fwhm) have been

achieved in this manner.

2ie3 DIODE MIXING CHAMBER

Cathode emission tends to be in the form of uniformly
distributed 2 - 3 mm diameter beamlets. By the addition of
a "mixing chamber", shown in Figure 2, the beamlets are
allowed to mix and the fine structure is lost. For some of
the very low voltage electron beams, considerable space -
charge limiting would occur in the l-inch mixing chamber
drift region. Therefore, the mixing chamber is kept at an
intermediate pressure to allow for some space charge neu-
tralization. Figure 2 also shows a front end configuration

employing an anode mesh without a Mylar diaphragm so that

13
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the mixing chamber pressure is the same as that of the

diode.

In addition to allowing the beamlets to mix, the
mixing chamber also employs a current shunt to measure the
beam current. A current monitor placed at the diode records
total current, which includes the current component
associated with the conduction of low-energy electrons through
the plasma in the anode/cathode gap. This diode short-
circuit current is segregated from the mixing chamber by

the anode mesh.

2.4 TRANSMITTING ANODE

The emitted electrons pass through thin transmitting
mesh and foil structures. Representative mesh characteris-
tics allow 77% optical transmission. The foils used are
either 0.1 or 0.25 mil-thick non-aluminized and aluminized
Mylar. Again, the particular configuration used depends
upon the beam being generated and whether or not mixing

chambers or extended machine geometries are present. :

The thickness of the last foil in the configuration
(this could be either the anode foil or that which is at the

exit of the mixing chamber) is chosen to eliminate multiple
electron transits. This phenomenon can occur when space-
charge limiting occurs within the test cavity. Emitted
electrons, turned around by the space-charge fields, are
accelerated back through the foil into the mixing chamber
diode gap where the space-charge field again reverses their
direction. If the initial electron energy exceeds the energy
loss associated with a triple transit through the foil,

the electron will reappear in the test volume, thereby raising
space-charge densities above the "realistic" condition. A
proper foil thickness is determined by gradually increasing

thickness until diode impedance characteristics and mixing

chamber current stabilize.




SECTION III

ELECTRON BEAM DIAGNOSTICS

3.1 GENERAL

In order to make meaningful comparisons between computer
code predictions and phenomenology observed, it is necessary
to have an accurate knowledge of electron injection parameters.
Complete characterization requires measurement of current
density across the injection plane, electron energy as a
function of time and position, and electron angular distribu-
tion. A number of techniques have been developed to acquire

this data on a routine basis.

i 2 INJECTED ELECTRON ENERGY VERSUS TIME

The diode of the pulsed electron beam machine is
equipped with a capacitive voltage monitor which, after
appropriate corrections for shank inductive voltages, yields
diode voltage as a function of time. However, this measurement
is not a satisfactory determination of injected electron
energy because of the error introduced by the inductive
correction and the energy loss the electrons undergo as they
pass through the mixing chamber. A time resolving electron

spectrometer is therefore used for this measurement.

The magnetic spectrometer, diagrammed in Figure 4,
gives electron energy as a function of time. Careful
attention has been paid to electron dynamics in the design
of the spectrometer and its magnetically shielding mu-metal

collimation slits. An array of 10 equal area rectangular

T R ——
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copper probes is placed at the focal plane of the spectro-
meter. A 1l/e response time for each probe signal of less
than 0.3 ns has been achieved by extending the coaxial
signal line to within 1/16 inch of the probe, minimizing
connection inductance.

In addition to magnetic field mapping, a Cd109
internal-conversion beta source has been used for calibra-
tion. The spectrometer can be positioned off the beam axis,
as well as on, and at varying angular positions. Time re-
solved and time integrated spectra for the particular IEMP
and SGEMP experiments were measured.

3.3 CURRENT DENSITY MEASUREMENTS

Current density as a function of position is measured

with a segmented Faraday cup. A cross-sectional view of a

4 ring monitor is shown in Figure 5. Low inductance
connections have been carefully designed to achieve a rise-
time of less than 0.4 ns. Since Faraday cup axial symmetry
does not permit the resolution of azimuthally asymmetric
beams, an electron stopping plate with a m/4 sector removed
was placed ahead of the rings and stepped around the full

circle to determine electron beam asymmetries.

3.4 ELECTRON RADIOGRAPHY

The sensitivity of X-ray film to low energy electrons
has been demonstrated!® The data shows that the film
sensitivity falls off rapidly with electron energy providing
sufficient resolution to obtain additional chgracterization
of electron beams. First, anode mapping of the total in-
tegrated charge distribution was performed and correlated
to time integrated Faraday cup measurements. The radio-
graphy yields spacial information more readily than do the

Faraday cups, but it is not time resolved.

18
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The electron deposition profile can be determined
by placing a step wedge over the X-ray film. This profile
gives an approximafe estimate of the electron energy dis-
tribution. In addition, thin film strips are placed at
the focal plane of the spectrometer to give time integrated
specta for those electrons which have sufficient energy to
penetrate the emulsion and erpose the film. The film
sensitivity can be determined by comparing the spectrum
obtained from the film to that obtained from the spectro-
meter channel response. The results are shown in Figure 6
along with the results obtained by Dudley!® The sensitivity
scale has been changed to relative units because the No-
screen film has a different absolute sensitivity. Finally,
the electron angular distribution is determined by allowing
the electrons to pass through small apertures in a thin
aluminum plate placed on the anode of the machine. An
X-ray film is placed approximately one cm behind the aperture
plate; its exposure pattern gives the electron angular

distribution.

20
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SECTION IV

IEMP SIMULATION

4571 GENERAL

A number of IEMP cavity-response experiments have
been performed using the techniques described in this section?
A typical experimental configuration is shown schematically
in Figure 7. This configuration is essentially the same
as that used for a series of "Benchmark" experiments con-
ducted by SPI and HDL for DNA. The "Benchmark" experiments
used a riixing chamber between the diode and test cavity;
these experiments do not. The anode window consists of a
65% transmitting stainless steel mesh which supports a 0.1
mil-thick non-aluminum Mylar diaphragm. A 1l2-inch-diameter
right-cylindrical cavity is attached to the window flange
of the electron beam machine. The cavity depth is varied by
changing the position of the movable Faraday cecllector. The
cavity is housed in a vacuum tank by means of a vacuum feed-
through assembly to the rear of the Faraday cup. Other
implements, such as the spectrometer, can be positioned in

the same manner.

4.2 INJECTED BEAM PARAMETERS

In a representative "Benchmark" experiment, a 3 ns
(fwhm) pulse was obtained with a 3.25 mm anode-cathode gap
at a diode pressure of 60 microns. An injected current
pulse, measured with the mixing chamber monitor, is shown
in Figure 8. For this particular pulse the actual injected

current measured with a Faraday collector in the test cavity

22
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Figure 8.

VERTICAL SENSITIVITY: 5.6 KA/DIV
HORIZONTAL SWEEP: 5 NS/DIV

Typical Injected Current Waveform Measured
with the Mixing Chamber Current Shunt
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is within 10% of the mixing chamber current. There is a small
decrease in amplitude and pulse width for the actual injected
pulse. Table 2 lists peak current measurements for a series
of 20 consecutive shots taken during the spectrometer run.

The standard deviation of the peak current amplitude can be
seen to be *4% with a maximum deviation of -6%. This is

representative of the reproducibility of the current pulse.

A sample radiograph of the injected current density
pattern normalized to measurements made with the segmented
Faraday collector is shown in Figure 9. 1In this instance, the

current density distribution is somewhat nonuniform in radius.
Distribution depends strongly upon the precise conditions

of the cathode surface, the anode-cathode gap, and the config-
uration of the anode and mixing chamber. Annular, peaked and
more uniform beams have been produced with different configu-

rations. Once the diode has been fixed, the current density

T

distribution remains relatively stable from shot to shot.

Although the diode is instrumented with a voltage monitor
whose signal can be corrected to give the diode voltage as a

function of time, it is guestionable whether the diode voltage

can be used to determine the injected electron energy as a
function of time. First, it is difficult to make a cathode

shank inductive voltage correction when a significant portion

of the total current is short-circuit. Second, the electron
v energy is degraded during transit through the Mylar window

% to an extent dependent on the incident energy. The injected
5 electron energy as a function of time is therefore best

P determined with the magnetic spectrometer,

In most cases, in order to obtain maximum resolution,
the magnetic field is adjusted to give signals on 9 of the 10
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TABLE 2

Injected Peak Current Reproducibility

SHOT NO.

PEAK CURRENT (KA)

5138 (HD36)
5139 (HD37)
5140 (HD38)
5141 (HD39)
5142 (HD40)
T 5143 (HD41)
5144 (HD42)
5145 (HD43)
5146 (HD44)
5147 (HD45)
5148 (HD46)
5149 (HD47)
5150 (HD48)
5151 (HD49)
5152 (HD50)
5153 (HD51)
5154 (HD52)
5155 (HD53)
5156 (HD54)
5157 (HD5S5)

Average
Standard Deviation

Maximum Deviation

26

4.9
+ 0.1 (28%)
- 0.2 (4%)
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channels (channel 10 gives no signal; verifying peak energy

is on channel 9). 1Individual channel signals are shown in
Figure 10 for one position of the spectrometer. The signals
are chopped at a level corresponding to noise for clarity of
presentation. The channel signals are time~synchronized using
a fiducial mark. If a single beam oscilloscope, e.g. Tektronix
7904, is used the fiducial mark is duplexed with the channel
signal using a matched power divider. For this experiment channel
8 was used as a fiducial mark after an additional length of
delay cable was inserted to separate the channel signals. The
channel signals were normalized according to the amplitude of
channel 8 and timed relative to the other channel signals by
their position with respect to channel 8. An additional time
correction is applied to each channel, depending on the energy,
to compensate for time-of-flight differences in the spectro-
meter. The channel signals are limited to a risetime of 1.2 ns
due to the combined response of the oscilloscope and spectro-
meter. Also, since the magnitude of the current is low in the
early part of the pulse, low energy components associated with

the rising portion of the voltage pulse are not seen.

The electron energy as a function of time can be
reconstructed from this data as shown in Figure 11. In this
case, the average time of the channel peaks for all positions
of the spectrometer is plotted. The vertical deviation
represents the energy binwidth of the channel and the horizon-
tal deviation is the standard deviation of the time of the
channel peak for all positions of the spectrometer. Presented
for comparison is the electron energy determined from the
voltage monitor signal. The mixing chamber current is
also shown to illustrate the timing of the injected current
and the electron energy. These traces have been time-synchron-
ized using a dual beam Tektronix 7844 oscilloscope, which triggers

both beams simultaneously with a jitter of less than 50 ps.
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Delay between signals is determined by measuring the time
delay on the film and correcting for cable length differences
measured with a TDR.

4.3 REPRESENTATIVE CAVITY PHENOMENOLOGY DATA

Cavity phenomenology can be studied using the electron
injection parameters discussed in the previous section.
Figure 12 shows peak transmitted current as a function of
cavity depth, at a pressure of 10_4 torr. For shallow
cavities, little space charge limiting occurs. At a depth
of about 4 cm, the space charge barrier is essentially ;
complete. As cavity depth (d) is further increased, the

transmitted current falls approximately as l/dz. ;

Cavity pressure can then be varied from 10—4 torr up
to the point at which the Mylar window ruptures, about 10
torr. Representative cavity pressure data is shown in
Figure 13 for a 35 ns (fwhm) pulse width at 15 cm deep 1
cavity. At low pressures, (léss than 10 microns in this
case) the air has little effect upon the peak transmitted
current. As pressure is further increased in the range
from 20 to 70 microns, air ionization results in space
charge barrier dissipation and the transmitted current
increases rapidly to its peak at 70 microns. Subsequent
increases in pressure causes a reduction of transmitted
current, due to increased plasma conductivity. The emf
associated with the primary electron current risetime causes :
back-streaming plasma currents which reduce the net trans- :

mitted current.

Experiments have been conducted to determine peak
transmitted current data versus pressure for a range of
injected electron pulse widths from 2 to 80 ns (risetimes
proportional). In all cases the peak current was about the

same and electron spectra were comparable. The pressure at
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T ™ ” P

which space charge neutralization occurs is shown to vary
strongly with pulse width as would be expected for a
collisional ionization model.

This type of data demonstrates the utility of the
simulation technique for IEMP studies. 1In addition to
empty cylinder end-on injections, side-on injections into
"cluttered" cavities are contemplated and scaled system
geometries can be considered?
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SECTION V

EXTERNAL SGEMP SIMULATION

5.1 GENERAL

Low voltage electrons can be applied to SGEMP
phenomenology studies. The diagram of Figure 14 illu-
strates an electron beam, SGEMP experiment. Electrons
have been injected through a 12.5-inch diameter surface
centered on the end of a 6-foot long, 30-inch diameter
cylinder as a simulation of photo-electron emission from the
cylinder when exposed to X-rays end-on. By keeping the
emission pulse width short compared to the two-way transit
time for the emitter-tank separation, early current is
comparable to that for an isolated cylindrical object in

vacuum.

5e2 SGEMP APPARATUS

Figure 14 and the photographs of Figures 15 and 16
show most of the aspects of the apparatus used to perform the
experiment. The SPI-PULSE 6000 was extended 6-feet with a
2-ohm solid dielectric line into the center of a 10-foot
diameter by 12-foot long vacuum tank. The 1l4-inch transition
chamber which houses the 12-inch emitter attaches to the 8 inch
diameter of the 2-ohm machine extension. The exténsion is
expanded in diameter to 30-inches with the addition of a light-
weight aluminum shroud. The result is emission from the 12.5-
inch diameter window at the center of the 30-inch shroud
cylinder end. 1In addition to establishing the exterior surface
of the test object, thé shroud also provides a region for
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Figure 16.

Cylindrical "Emitter" in SGEMP Vacuum System
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cabling. This geometry is different from the IEMP experiment
previously described in the use of the 6-foot long 2-ohm

extension (Figure 14).

Although this shroud is cylindrical to simulate a
cylindrical satellite, any shape can be fabricated from
light weight aluminum sheet metal. Also, by using inter-
mediate drift regions, other shape objects can be made to

"emit" photoelectrons.

5.3 EMITTED ELECTRON CHARACTERISTICS

An important requirement for this experiment is that
the clear time of the chamber, i.e. the transit time of an

electro-magnetic signal from the emitting surface, be

greater than the electron pulse width. A 6 ns baseline

pulse was therefore chosen.

In order to characterize the electron beam, the same ,
apparatus as that used for the IEMP experiments is used. %
The 1l4-inch vacuum chamber containing the 12-inch diameter
IEMP cavity with diagnostics is attached directly to the
extended diode/mixing chamber configuration.

The emitted current pulse of Figure 17 shows a 6 ns
baseline and a 3 ns fwhm with a peak current of about 4 kA.
The current amplitude is lower than that obtained in the
IEMP study. This is a result of losses associated with
energy transfer through the extension. The voltage pulse
also shown in Figure 17 was constructed from the time
resolved spectral data of Figure 18. The spectral data
shown does not include the time correction for time-of-

flight differences in the spectrometer.
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In contrast to previously presented data for the IEMP

experiments, the electron energies are much lower for the
SGEMP experiment, with a maximum energy of 20kev. A time
integrated spectrum for this case is compared to that pre-

viously discussed in the IEMP experiment in Figure 19.

Figure 20 shows the emitted current density distribution
determined with both radiography and multiple ring Faraday cups.
This distribution is more peaked on the beam axis than the IEMP
beam density. The peak can be attributed primarily to space-

charge expansion of the electron beam.

The angular distribution of the emitted electrons was
also determined using radiographic techniques. The distribu-
tion of electrons passing through 2 mm diameter holes in a
thin aluminum stopping plate at a distance of 7 mm is shown
in Figure 21 with an overlay of the experimental geometry.
All electrons fall within a 30° cone angle and the angle of
half intensity is approximately 15°. fThis agrees reasonably
well with a Monte Carlo transport calculation which indicates
that electron scatter would fall within a 25° to 35° cone.
It is possible, however, that a wider distribution is present
containing low energy electrons for which the film is not
sensitive (Figure 6). There has been data obtained that
indicates that part of the exposure of the film may have been

due to X-rays produced in the diode.

Using the 12-inch IEMP cavity, the transmitted current
for this particular beam was determined as a function of
cavity depth at 10-4 torr. The results, shown in Figure 22,
demonstrate the rapid space-charge limiting of electrons as

would be expected in view of their very low energy. Although
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in a different geometry, this data indicates that space-
charge limiting will be a strong effect in the SGEMP emission

case.

5.4 SGEMP EXPERIMENTS

A number of experiments have been performed with the
apparatus and electron beam described. These experiments (to

be discussed elsewhere!’ ) consisted of:

Check out of AFWL UGT magnetic field sensors.
Measurement of cylinder surface currents with
2T erission and T emission.

® Measurement of surface current with a gap in the
cylindrical shroud.
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SECTION VI

CONCEPTS FOR OTHER IEMP/SGEMP EXPERIMENTS

6.1 GENERAL

The experiments that have been described are perhaps
the simplest application of pulsed low voltage electron
beams to both IEMP and SGEMP simulation and have demonstrated
the utility of these techniques. Based upon this demon-
stration and the available apparatus, it is meaningful to
consider other, and in some cases, more complex experiments.
Many of the experimental concepts to be described have re-

sulted from discussions with HDL, IRT, KSC, S3, and SAI.

6.2 IEMP EXPERIMENTS

Variable Electron Parameters

A wide range of pulse widths, electron spectra and
current densities can be injected end-on into the 12-inch
IEMP cavity. The relevance of pulse length (tactical versus

UGT) to space-charge barrier breakdown can thereby be assessed.

Oblique Angle Injection

In addition to end-on injection, side-on injection
and even injection at oblique angles can be considered. It
should be possible to use mixing chamber type geometries to
drift a beam such that it can be injected into an irregularly
shaped surface.
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Cluttered Cavities

HDL has planned a series of experiments which involve
"cluttered" cavities; such as, cavities which contain cables, |
diaphragms, and symetrically and asymmetrically positioned ‘
half-discs.

Dielectric Phenomenology

Some experiments have been performed assessing the

effects of the presence of dielectric materials upon cavity
IEMP 3! The precise conditions for which dielectric surfaces
can provide space charge neutralization have not been identi-
fied. Also the effects of dielectric surface transient
conductivity upon cavity electric field distributions are

yet to be assessed??

Larger Cavities

With the availability of 3-foot and 10-foot diameter
vacuum chambers, missile size cavity IEMP experiments can
be considered. Experiments have been performed which
indicate that 1 meter diameter cathodes can be made to emit

uniformly to achieve such scale-ups.

6.3 SGEMP EXPERIMENTS

Variable Electron Parameters

"Cluttered" type geometries, (e.g. cables attached to
the emitting structure) can be evaluated. IRT is currently

planning experiments of this nature.

Structure and Emitting Geometries

The geometry of the emitting structure can also be
changed easily by changing the shroud. The effects of di-
electric windows or separations of skin structure upon surface
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currents can then be evaluated. This geometry change can
involve not only the shroud structure but the emitting surface
itself. Again, as in the IEMP case, the beam can be drifted
to and through almost any shaped surface, causing it to emit
photoelectrons, Figure 23. The effects of corners and

edges can therefore be assessed.

Electron Spraying

KSC has performed an analytical evaluation®® of
the utility of spraying electrons upon surfaces to simulate
the removal of photo-electrons from a surface exposed to X-rays.
The results of the analysis indicate that this could be a
valuable technique for inducing relaxation currents and poten-
tials on a body of opposite sign but with the correct power
spectrum.

6.4 COMBINED X~RAY AND ELECTRON EXPERIMENTS

A high Z target can be used to convert electron
energy to low energy X-rays via bremsstrahlung. X-ray spectra
and fluences produced by beams quite comparable tc those
discussed above are considered in Section VII. These
environments have been used for a nurber of cable response
experiments!* By use of a partially transmitting high Z anode,
X-rays could be produced and electrons injected simultaneously
into a cavity containing cabling and electronic circuitry
(such as depicted in Figure 24). This configuration would
add a TREE capability to the present technology.

6.5 EVALUATION OF SIMULATOR VACUUM CHAMBER CLEAR TIME

A number of analytical studies have been performed to
evaluate problems associated with performing an SGEMP experiment

in a vacuum tank whose dimensions are small compared to
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irradiation pulse width. Considerable interference of the body 1
skin currents and subsequent emission response can be predicted.

N Little data however, exists to demonstrate these effects!®

The 10-foot diameter chamber and an electron beam having
a variable pulse width provides an ideal opportunity to study
such effects. Skin currents on the cylindrical structure could
be measured for electron pulse widths shorter than, equal to,
and longer than chamber clear time. In addition, the effectiveness
of varying damper designs could be assessed. The conclusions of
such studies would have significant economic impact upon the
fabrication of a full scale SGEMP simulator. 1
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SECTION VII
X-RAY CHARACTERIZATION OF SPI-PULSE 6000

7.0 INTRODUCTION

The SPI-PULSE 6000 has been characterized for two

X-ray diode configurations. A 2.5-inch diameter high im-
pedance diode is used for small area, high fluence irradia-
tions. A 12-inch diameter low impedance diode is used for
large area, lower fluence work. X-ray fluences have been
accurately measured using SPI's gold foil X-ray calorimeter
described in Section 7.3. The X-ray output time histories
have been determined using CaFZ:Mn TLD's with values verified

by an absorber foil technique with the calorimeter.

Both sources were optimized for maximum X-ray
production with reasonable target lifetime by adjusting the
thickness of the tantalum target. In most cases radiation
fields were measured for more than one machine charging
voltage, Vo'

7.1 2.5-INCH DIAMETER SOURCE

Figure 25 shows a simplified diagram of the 2.5-inch
diameter X-ray diode. A 0.005-inch target (>> electron
range) is used to insure unlimited lifetime with the high
electron fluences. The 0.125-inch aluminum backing plate
provides an atmospheric seal allowing irradiation of objects
without a vacuum test chamber. Figure 26 presents axial
fluence maps for several charging voltages and target
thicknesses. Maximum working fluence at the face is
approximately 2 X 10'.3 cal/cmz. Figure 27 shows a two

dimensional map for the configuration producing this fluence.
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Figure 25. 2.5-INCH DIAMETER X-RAY SOURCE
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Axial dose maps and a corresponding 2D dose map are shown

in Figures 28 and 29 respectively. Beyond 20 cm both
fluence and, therefore, dose fall of with 1/R2. A measured
coupling coefficient is then 0.05 cal/g per cal/cmz. A
representative spectrum and time history for this configura-

tion are shown in Figures 30 and 31 respectively.

7.2 12-INCH DIAMETER SOURCE

The 12-inch diameter X-ray diode is shown in Figure
32. A thin (< electron range) tantalum foil is held between
a special clamping ring and the aluminum electron absorber
plate. This configuration has proven to provide the most
efficient X-ray production at 0.44%. With the thin anode
structure, all sample irradiation must be done in the vacuum
test chamber (l14-inch diameter x 36-inch long) provided.
Target lifetime is unlimited due to the low electron fluence.
Axial dose and fluence maps are given in Figures 33 and 34.
The maximum working X-ray fluence at the face is 2 X 10—4
cal/cmz. Beyond approximately 60 cm the fluence and dose fall
off with l/R2 as shown in Figures 35 and 36. These quantities
have been extrapolated to determine the radiation field in
the existing 3 meter diameter vacuum test chamber. Figures
37 and 38 show the two dimensional fluence and dose maps
respectively. Minimum values in the chamber are approxi-
mately 5 X 10-'7 cal/cm2 and 5 X 10-2 rads (Al). A repre-
sentative spectrum and time history of the bremsstrahlung

output are shown in Figures 39 and 40.
7+3 X-RAY CALORIMETER

7.3.1 Description

The X-ray calorimeter consists of thermally isolated
gold absorber foil with a sensitive thermistor circuit to

monitor small changes in temperature due to energy deposition.
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