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A PULSED ELECTRON INJECTOR USING A METAL PHOTOCATHODE
IRRADIATED BY AR EXCIMER LASER"

' T. J. Kauppila, L. A. Builca, J. K. Crutcher, J. C. Ellictt, and D. C.
Los Alamous National Laboratery
Los Alamos, New Mexico 87545

Abstract

The hot cathode of an electron gun is replaced by
a metallic photocathode driven by an excimer laser.
The current, curront density, and emittance of the
500-kV electron beam producec by the photoelectron
source are presented. In addition, the temperature of
the photolathode (s varied to study the possibility of
a hybrid source.

dnsroduation

Laboratory experiments have been performed to
assess the feasibility of an excimer lase.-driven
photocathode as a high-current electron source. -
This paper describes experiments using an 800-mt, 20-ns
pulse width, KrF¥F excimer laser toO generate an electron
beaa in a fuli-scale electron gup. The gun is a stan-
dard PHERMEX hot cathode scurce '~ that has a sphori-
cal Plerce geometry. The lOC-am-diam dispenser cathode
is replaced with a simple netal cathode that s {llu-
minated at a 4%° angle. Because the cathode can be
heated, & hybrid (hot/photocathode) source was also
studied. The electron beam produced by tho photo-
cathode has the temporal shape of the laser pulse and
is {(ndependeat of the voltage source. The eventual
photo-cathode application {s an injector for PHERMEX
that can produce a train of selectron heam pulses,
synchronized with the 30-MHz rf accelerating tields.
This new {njector could minimize erergy dispersion
batwesn alcropulses, maximizZe beam transport, and
siaplity pulse power reguirements f{or multipulse
generation (1.e., electron bursts separated by greater
than the characteristic cavity accelerating cycle of
26 ne).

Expecriment

The oxporluann* .ppnruul included a standard

PHERNEX eloctron gun modified to accept laser {llu-~
mination 7f the carhode. Changes for laser beam entry
{ncluded & 2%5-ma-diam, suprasil windocw, entrance porw
{n the vacuua wall and a 2%-mm-diam hole in the anode.
Corning 7940 +80-mu focal lsngth uv grade opcics were
installed batwean the entrance port and anode to expand
the DbDeam across the cathode As shown in rig. ). The
laser used for iilumination of the cathode was a Lambde
Physik EMO-)SOEST, {njection-locked, unhstadle resona-
tor. The 100-mm-di{aw cathode had a r,dxun of curvature

of 22% wma and total area of 8100 mm . The experiments
reporced here vwere with an aluainum (6061 T) photo-
cathode,

Cathode voltage was produced by a Feacor 200-ns,
S00-RV, MasR grnerator. Voltage vas monitored with a
0.1-Q, %00-8@, voltage divider in parallel with “he gun.
A 3chemAatic ©f the eXperimental arrangement is shown in
Fig. 2. Current generated from the photacathode vas
monitored with a -oxr-xneolrnzxng. magnetic-sense,

B-dot loop in the drift spare.

A BHC Nodel 7102 delay generator in the laser
trigger line was used to synchronize the lacer pulse
with the center of the voltage pulse. Both gun voltage
and current were mONitored with Tekcronix Nodel 7103,
1-CHz-bandwidth onscilloecoper. Voltage on the gun was
varied by changing ths charge voltage on the MNarx.
Laner intenaity was selectively varied bty insertion of
calibrated bean eplitters into the laser path and
sdjustaent to the laser discharge voltage. An open-
shutter cemera wag used to photograph the time-~

'wort porforloe under the auspices orf the !.8, Depart-
uent of EBnergy by Los Alamos National Leboratory under
W-1408-ENG-)y .
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nent,

experimental arrange-

intograted beam patcttern transmitted through the

emittance mask., Emittance was
Ref. (4],

Raauins

The illumination area of

then measured &s Ln

the photocathode deter-

mines the perveance of the electron gun and therefore

total electron beam curtent.

fllum.qation of the

entire cathode area would produce a perveance of 1 uP.
With the available optics this wap not possible._ The
{llumination area of the cathode was 1974 mm or
approximately one-fourth the total cathode area. This
constraint limited the peak current but did npot affect
the current density. The laser energy °n the cathode

was limited to & maximum of

190 mJ) because of the

aperturw on the laser entrance poret.

Waveforms representutive nf the wolectron gun
7oltage, the eleciron beal cusrent pulse, and the laser

pulse are shown (n TFig. ),

demonstrating that cthe



beam currsnt tracked the laser and was independent of
the voltage pulse on the electron gun. Current rise-
times of 7.0 ns were measured hut may have been less
due to cable inductance.

The peak photoelectron current density vs vcltage
is shown 1in Fig. 4 for various laser powers. For all
of the laser powers and gun peak voltages 5420 kV, the
current density s space-charge limited. The data fit
the function

J = (0.21 & 0.02) v3/2 . (1)

where J = I/A, I ls the total current measured by the
self-integrated B-dot_ loop, and A (the {llumination
area) equals 1974 mm . At the lowest laser power, the
beam is emission limited at 420 kV; at the highest
power the emission limit increases to 600 kV. The
maximum iurront density achieved {n the experiment was
7.6 A/cm .

The emission-limited data can be used to derive a
quantum efficliency as was done in Ref. [1]. For the
aluainum photoggchodo. the quantum efficiency was found

to be 7.5 x 10 ~ electrons/photon. This number is five
times the value obtained {in Ref. (3] for aluminum;
however, there was a vast difference Iin surface prepa-
ration. That may eLp.iaip the discrepaacy. Heating the
cathode to approximately 400'_2 produced & rise in

quantum efficiency to 1.5 x 10 electrons/photon. The
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Fig. 3. \Waveforms of the electron voltage, laser
pulse, and electron beam current.
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Fig. 4. eak photnelectron current denstly vs voltage,

cause was likely a natural cleaning of surface contami-
nates because the quantum efiiclency did not change
after the cathode was recocoled. AS was observed in
Ref. [3], the quantum efficiency was roughly inde-
pendent Of laser power.

Figure 5 !s a photograph of the space-charge
lim{ted beam distribution beyond the emittance mask.
The time-integrated emittance taxen from Filg. S (s
plotted in Fig. 6. For emission-limited flow, there
was evidence of nonuniform (hot spot) emission, as is
typically seen (n the conditioning of dispenser (hot)
cathodes. The FWHM emittance was found to be
50 ®* mm-rad for a gun voltage of 355 kV, a totsl beam
current of 45 A, a current density of 2.25 A/cm , and a
pulse width of 20 ns. The normalized emittance of
“* ¢fy 1s found to be 68 ¥ mm-rad. Normalized time-

integrated emittance value obtained for a standard
electron gun wWith hot cathode 18 « = 160 » mm-racd
for a gun voltage of 440 kV, current of 28C A, a

current density of 3.5 A/cm , and a pulse width of
200 ns. The primary difference botween the emittance
measurements (s the energy dispersion due to the 310 ng

rigss and fall time in the hot cathode measurements.
conclusions

The normalized emittance of electrons produced by
an excimer-laser-driven photocathode for space-charge
limited flow has been determined. The emi:tance (s
less than the value obtained for a hot cathode. How-
ever, becaute of the temporal differences of tha beanm
current pulses, an absoliute comparison would require a
time-resolved measuremer. .f hot cathode emittance over
a corresponding 20-ns periud of the laser.

Extrapolation of these results to a 35-MV, 3-kA
planar cathode injector with a 30-cm, anode-cathode gap
and an aluminum photocathode indicete thet a laser
energy of 3.3 J would bte required to obtain space-
charge limited flow., According to Ref (3), uss of & Pp
photocathode would reduce the laser energy requirements

to less than 1 J, well wi.hin the energy rangs of com-
mercially available excimer lasers.
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