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Abstract light reflected from the quartz vacuum window to the
photodiode (Hamamatsu R1193U-04) was used as a rela-
Recent developments in excimer laser design have tive, time-resolved monitor of the laser output inten-
nade near ultraviolet 1light intensities of several sity.
MW/cm possible in unfocused beams. These advances and
recent experiments indicate that high-current, simple- A removable metal cathode disc, 2.5 cm in diameter
metal photoemissive electrgn guns are now feasible. and 0.4-cm thick, was attached to a high-voltage con-
Producing more than 50 A/cm of 1illuminated cathode nector inside the vacuum chamber wall. Prior to in-

surface, the guns could operate at vacuums of 10 torr
with no complicated system components inside the vacuum
enclosure. The electiron beam produced by such photo-
emission guns would have very low emittance and high
brightness. This beam would also closely follow the

temporal characteristics of the laser pulse, making
fast risetime, ultrashort electron beam pulses pos—
sible.

Introduction

This paper presents the results of recent experi-
menti Sonduoted on a simple-metal photocathode electron

gun. Parameters were measured for calculational
estimates of total current, current density, emit-
tance, brightness, and the practical quantum yield
relevant to simple-metal, high-current, and high-
voltage photocathode electron guns. The ource could

have application for a PHERMEX injector or a diode-
type, pulse-power, flash radiographic source.
Experimental Technigue
A Questek Model 2000 KrF excimer laser was the
photon source. The excimer laser produces a photon
energy of 5 eV at a wavelength of 248 nm and with a
full pulse width of 30 ns. Figure 1 shows the laser

light path components.

2
Laser 1light at 100 mJ per pulge in a 3-cm beam
cross section was apertured to 0.4 cm and then passed
through a '"laser variable attenuator,"”" Newport Research
Corporation Model 935-10. The attenuated beam was then

stallation the cathode was polished in air to a surface
roughness of about 10 um. When in place, the cathode
was centered 1in front of and parallel to an aluminum
anode cf the same diameter. Figure 2 illustrates the
physical anode-cathode (A-K) arrangement. The A-K gap
was 18.5 mm, and the accelerating potential across the
gap was variable from_ 0 to 30 kV. Photoelectrons

emitted from the 0.18-cm spot illuminated by the laser
were accelerated toward the angde. The subseguent beam

was collimated by the 0.071-cm opening at the center
of the anode. The transmitted electrons then were
collected on an aluminum wire collector that ran par-
allel to the electron beam axis. The collector, with a

cross-gectional area of 0.1%56 cm , was the center
conductor of a 50-8 coaxial cable. The purpose of the
aperture was to eliminate the electric field from the
surface of the collector. The ancde and all other por-
tions of the vacuum chamber and support hardware were
at ground potential.

Three parameters monitored during data acquisition
laser energy, A-K voltage, and the photoelectron
current. The photodiode driven by reflected laser
light was used as the trigger source for all analyzing
equipment. One oscilloscope was dedicated to moni-
toring this pulse. The second oscilloscope was used as
the collector voltage monitor or the calibrating joule-
meter monitor, as appropriate. All oscilloscopes were
2-GHZ Tektronix Model 7103. Data acquisition was pri-
marily by oscilloscope photographs.

were

The vacuum system consisted of a vacuum chamber
with a volume of approximately 10 g¢. This chamber was
neoprene o-ring sealed and pumped by a Cryogenics Cryo-

transported through an ungoated Suprasil quartz window torr-8 cryopump. The best vacuum achieved was
and apertured to a 0.18-cm cross section in the vacuum 8 x 10 % torr after 12 hours of pumpin Most data
chamber. After the final aperture, the beam illumi- put 0
nated the cathode at a 45° incident angle. The laser were acquired with a vacuum of about 10 torr. Because
the nature of the experiment required frequent adjust-
ments inside the vacuum boundary with no remote manipu-
WI%OIQI?DE lation ability, the wvacuum boundary was frequently
ATHODE broken.
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ment of Energy by Los Alamos National Laboratory under
W-7405-ENG-36. Fig. 2. Anode/cathode arrangement.
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Data Acquisition and Reduction Techniques

Four experimental apparatus 1limitations dictated
the scope of the data. The accelerating potential
electrical connection to the cathode was rated at 25-kV
standoff and could not be relied upon to hold off
breakdown above 28 kV. In addition, the minimum A-K
gap achievable was 1.8 cm, resulting in a maximum field
of less than 15 kV/cm. The current collector electri-
cal system had an inherent noilse level that tended to
chop and distort the current pulse signal for collector
currents below about 0.7 mA. Accurate measurement of
laser intensity at low power levels was not possible
with the joulemeter. Therefore, the laser's energy was
determined using the fast response photodiode cali-
brated, in situ, with a Gentec-200 calorimeter head.

The fast photodiode output variance with laser
pulse energy was nonlinear. A photodiode output volt-
age (V) vs joulemeter energy (E) calibration curve was
obtained just prior to data acquisition. The photo-
cathode was remcved and a joulemeter placed in the
lccation of the cathode disc. The laser was pulsed and
the outputs of the joulemeter and the photodiode were
simultaneocusly monitored. The data were found to fit
the relation

6.16
E = 0.0046 V , (1)

where V is in volts and E is in mJ per pulse. The

joulemeter value 1s time integrated whereas the peak
photodiode voltage is measured at a single time. A
leasc sguares fit of the time integral of the photo-
diode voltage vs the peak photodiode voltage vyielded
the following relationship,
0.52
vpeak =c | Jv(t)at] . (2)

pulse

Even though the peak voltage i1s an adequate representa-
tion of the total energy, it 1is not optimum because
small errors in the peak measurement produce large
errors in the laser energy. The cube of the integral
of the voltage is propecrtional to the energy. This is
less sensitive to errors than the peak. The depend-

ence of the laser energy on the photodiode voltage and
integrated wvoltage 1is obviously nonlinear. This
dependence 1s not understood. The overall statistical

uncertainty was minimized by averaging 20 successive

pulses.

The maximum current was limited by Child-Langnmuir

flow. The current density is given by,
3/2 -2
J = PV / d R (3)
where d 1s the A-K spacing (cm), V the potential (V)

and372thg perveance of a planar geometry (2.34 x 10
AV

). This expression 1s for an infinitely large
planar A-K geometry and does not precisely represent a
cylindrical beam. However, it is a reasonable approxi-
mation and is useful in interpreting the data. This
space-charge limited electron flow was an important
upper data bound in determining quantum efficilencies.

An estimate of beam emittance was made by replac-
ing the anode apparatus with one that employed two par-
allel flat disc plates with apertures in each. The
apertures were colinear with the charge collector. The
first disc served as an anode aperture; the second disc
was a collimatcr. The disc-to-disc spacing was 2.5
times the windcw diameter. Operating at 20-kV acceler-
ating potential, the laser-illuminated zinc cathode
emitted electrons. The distance from the collector to
the collimating disc was varied to obtain information
on beam divergence.

Results
Data

obtained at two different laser intensities
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with varying electric field strength applied to a Zn
photocathode are shown in Fig. 3. As expected, the low
field data are limited by the Child-Langmuir space-

charge limited flow. The gquantum yield does not
increase as the applied electric field increases. In
fact, the gquantum yield and current are maximized in
the low fileld region and then peak again at about
13 kV/cm, with ¢the high fileld portion cf the curve
apparently approaching some lower constant value.
Increasing the laser intensity by a factor of two

increased the quantum yield and shifted
higher field values.

the peaks to

The emittance was calculated wusing the exXtrapo-
lated 50% current 1loss drift distance. The beam is
assumed to be uniform in the plane transverse to the
beam axis. The resulting normalized emittance (€ ) is
0.83 7 mrad x mm. This normalized emittance valuencor~
responds to a transverse beam energy of 2.2 eV. The
electrons in the beam would have an equivalent tempera-

ture of 2.5 x 10 K.

The data for peak photoelectron current density of
Zn versus power are displayed in Fig. 4. As discussed

earlier, the power 1s obtained from the photodiode
calibration of the energy. This energy is divided by
the time of the laser pulse to obtain powver. The

current density 1is obtained directly from the current
measurement by the charge collector divided by the
measured area of the ancde aperture. Figure 4 demcn-
strates that the current 1s not a 1linear function of
power. In fact, below the space-charge limit the curve
shows current to be a quadratic function of power.
This result will be discussed in detail later. Another
observation is that the maximum current is well corre-
lated to the 2.1 A/cm value predicted for space-charge
limited flow between parallel plates. All cther metals
showed similar behavior for space-charge limited flow
except Al, which will be discussed later.

The Zn quantum yilelds, uncorrected for reflect-
ance, are plotted in Fig. 5. The quantum efficiency,
QE, is given by

2 2
QE = Current density (A/cm )/Power (W/cm )

x 5 eV/photon . (4)
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Fig. 3. Quantum efficlency vs electric field.
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Fig. 4. Variance in the current density (A/cm )_as a
function of incident laser power (MW/cm ).
At the space-charge limit the current density is

constant and independent of power. Therefere, the line
indicating the space-charge limit is given by

QE « (1/Power) . (5)

Again the
expected.
show a

data near the space-charge limit behave as

At lower power, less than 0.1 MW/cm , data
near constant quantum yield. These data are
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Fig. 5. Quantum yield _(electrons/photon) vs

intensity (Mw/cm ).

light

well above the minimum detection threshold of the

systen. This 1is believed to be a result of a single
photon generating a photoslectron. At laser powers
greater than 0.1 MW/cm , the quantum efficiency

increases quadratically. The most probable explanation
is that the electrons are produced by a two-photon
process. :

A review of the data for other metals shows Ni hés
the lowest uncorrected quantum yield (5.9 x 10_

electrons/photon) and Pb has the highest (1.3 x 10
electrons/photon). However, both reached the space-
charge 1limit prior to attaining a constant gquantum

yield, so significantly higher quantum yields
possible.

may be

Conclusion

In summary, the simple-metal, photocathode elec-
tron gun operating at 10 torr and a maximum of
1 MW/cm of 248-nm 1light intensity and at fielgs of
12 kV/cm produced current densities beyond 2 A/cm in
the space-charge 1limit. This arrangement was useful
for obtaining relative quantum efficiencies for various
metals. The space-charge limit prevents observation of
the maximum quantum efficiency at full laser power.
Therefore, 1n order to cobtain quantum efficiencies at
high power, these results must be extrapolated. If the
near quadratic dependence of 7 on pewer holds, quantum
efficiencies greater than 3 x 10 electrons/photon
might be achieved. However, even at the quantum yields

established here, a 5-MW/cm , 248-nm intensity could
produce over 23 A/cm from 2Zn. In addition, that sape
current density can be produced from Pb at 1 MW/cm .

An 80-cm cathode (area of PHERMEX electron gun
cathode) could be expected to produce a beam current of
more than 900 A when driven by a 800-mJ KrF excimer
laser.

At present work is directed toward generating an
electron beam in a standard electron gun wusing an
800-mJ KrF laser on an 80-cm cathode. Because the
PHERMEX gun has a capability of generating cathode
temperature, the possibility of exploring a hybrid
source exilsts.
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