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A PULSED ELECTRON INJECTOR USING A METAL PHOTOCATHODE
IRRADIATED BY AN EXCINER LASER*

T. J. i(auppila,L. A. 9ullta, J. K. Crutch.r,J. C. cllictt,andD. c. HOlr
LOSAlamos National Laboratory

Los AIuoS, l?OW MOXiCO 87545

Tho hot cathode of an ●loctron gun 1s roplacod by
a motallie photocmthodo drlvm by an ●xclmor laser.
Th@ curr9nt, currtmt dmslty, and euittanco of the
500-kV ●loctron beam producoa by the photooloctron
Suurco are presented. In addition, the temperature of
the photocathode 1s varied to study the possibility of
a hybrid source.

Laboratory ●xperiment have been ~rformed to
assess the feasibility of an ●xcimar Lsse:-driven
photocathodo as a high-cUrrOnt electron source. 1-3
This paper describes ●xperlmonts using an 800-MJ, 20-ns
pulso width, KrF ●xcimer laser to generate an ●lectron
beam in a fulk-scale ●lectron u

dard PNER2fEX hot cathode scurce U’th:oh::n :s :p::::-

cal Pierce geometry, The 10G-mm-diam dispenser cathode
iG replaced with ● simple metal cathode that is illu-
minated at a 4S0 angle. Because th cathode can be
heated, ● hybrid (hot/phococathode) source was also
studied. The ●leceron beam produced by tho photo-
cathode has the temporal shape of the laser pulse and
1* lndependont of the v~ltage source. The eventual
photo-oathode ●pplication is ●n injector for PNM.NEX
that can produce ● train of electron beam pul~os,
synchronizedwith the 50-KNz rf ●ccelerating fields,
TtIis new ihjector could minimize ●fiorgy dispersion
*tween micropulses, maxf,mize beam t:ansport, ●nd
simplify pulse power requirements for multi~~lse
goneraticm (i.e., ●lectron bursts separated by greater
than the characteristic cavity ●ccelerating cycl~ of
2G ns).

The ●xperiuanta ~pparatus included ● standard
i

P2iNXlrUX ●ioctron gun ‘- modified to ●ccapt laser illu-
mination ?f the ca*hode. changes for laser beaB ●ntry

included ● 25-me-diam, Oup:aSil window, ●ntrance port
lil the VaCUUS Walt ●nd a 2S-u-dlam hole in the ●node,
Corning 7940 +W-m focal lsngth uv grade opcicc were
installed batwemn the ●ntrance port ●nd anode to ●xpend
chm beam aaross the cathode mo nhown in ris. 1. The
iasor used for iilum:nationof the cathode N*S ● Lubde
Physik ENO-)50CST, injection-locked, unstable reoona-

tor. The loo-ma-dlam cathode had ● r dius af curvature
i

af 22S u ●nd total area of S1OO mm . The ●xpwiments
rqorcf..d here were with ●n aLu8inu8 (fI061 T) phOtO-
Catrlorh.

Cathode Voitace was produced by ● WtCOr 200-nS,
500-kV, rna;x [?nerator. voltage was Wn!tored with a
0.1-0, $OO-Q, Voltase divider in parallel with the gun.
A sehemxtlc of the ●xperimental ●rrangement kc shown in
71O. ‘2. Current eenerated from the photocathode was
aonitorod with ● self-lnte ratlnt,

~
masnetic-sense,

B-dot loop in the drift space.

A BMC Mode: 7102 delay ~enerator in the laser

trlggw line was used to synchronize tho itner pUl?O

with the center of the Yoltago pulse. !!mt~run voltare
and uurmtt were WnitOrOd with Toktronlx Wodel 7103,
L-orla-bandwidth oscilloscope@. Voltago on tne gun was

varied by Changin$ kho charge Wltago on tho Karx.
Laser intensity was selectively %arted by tnsert~en of
calibrated beam tpiitters into the laser path ●nd

@dJustSent to the laser dimcharb. voltage. An open-
sbuttor ca~eta was used eo photograph the t imo-
. —.—
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Fig. 1. Standard PHl?EXE%gun modified for pnotocathode

●xperiment.
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rig. 2. Schematic ●iectron sun ●x~rimentai ●rrange-
ment.

integrated Mam pattern transmitted :hrou~h the

●mittmnce mask. Emittance was then measured as in

Ref. [4].

The illuminationarea of the photocathode deter-

mines the perveance of the ●iectron gun and therefore
tot!~ ●lectron beam curtent. r~lu.e.,lation of the
●ntlro cathsde area would produce a perveance of 1 AIPo
with the ●vailable optics this wan not po@sibie.2 The

iilUBinatiOn area of th@ cathode was 19?4 mm or
approximately one-fourth the total cathode ●rea, This
constraint limlt~d th~ peak current but did not ●ffect
the current densitYt The laser ●llergY (on the cathode
was llmited to a maximum of 130 SJ becau?e of th~
~porture on tho laser ●ntrance port.

Waveformrn rcpresentutive of tho vi*ctron sun
volt-co, the ●lectron beam cu:rent pulta, ●nd th~ L.is@r
pUISO aro shown in ri~. 1, doaonotrat,ng that the



* beam currmt tracked the laser and was lndepsndent of
the voltage pulse on tho electron gun. Current rise-

tlmes of 7,0 ns were measured but may have bO@n l@5S
due to cable inductance.

The peak photoelectron current density vs voltage
1s ShOWn in Fig. 4 for various laser powors. For all
of the laser powers and gun peak voltages S420 kV, the
current d@nslty 1s space-charge limited. The data fit
the function

1/2
J = (0,21 2 0.02) V , (1)

whore J = I/A, I is the tOtal current measured by the

self-integrated B-dot loop , and A (the illumination

area) equals 1974 mm2. At the lowest laser power, thO
beam 1s ●mission limit@d at 420 kV; at tho highest
power the ●mission limlt increases to 600 kV. The
maximum urrent density achieved in the ●xperiment

9
Was

7.6 A/Cm .

The ●mlsslon-llmited data can be used to derive a
quantum ●fficiency as was dono in Ref. [3]. For the
a~hmlnum photoc@thode, the quantum ●fficiency was found

to be 7.s x 10-’ ●3.ectrons/photon.This nunber is five
times the value obtained in Ref. [3] f’x aluminum:
however, there was a vast dlfferonce in surface prepa-
ration. That may ●xp:lal)l the discrepaficy. Heating the
cathode to approximately 400” -f produced a rise in

quantum ●f!iclency to 1.S x 10 ●lectrons/photon. The

W=l
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FIK. 3. Uaveforms of the ●lectron voltaie, laser

pulse, ●nd ●lectron beam current, -
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cause was likely a natural cleaning of surfac* contami-
nates bOCaUSO the quantum efficiency did not change
after the cathode was retooled. As was Observed In
ROf. [3], the quantum efficiency was roughly inde-
pendent of laser power.

Figure 5 :s a photograph Of the Space-chsrge
limited beam distribution beyond the emittance nas~.
The time-integrated emittance taken fram Fig. 5 is

plotted in Fig. 6. For 6misslon-llrIrlted flow, there
was evidence of nonuniform (hot spot) ercisslon,as 1s
typically seen in the conditioning of dispenser (hot)
cathodes. The FUN OMlttanCO was found to 5e
50 r mm-rad for a gun voltage of 355 kv, a tot .( beam

!
current of 45 A. a current density of 2.25 A/cm , and a
pulse width of 20 ns. The normalized emittance of
c = 413-1 is found to be 68 K mrs-rad. Normalized time-
i}tegrated effilttance value obtained for a standard
electron gun with hot cathode is u = 160 t?mm-rad

fOr a gun voltage of 440 kV
3 ~ A;cm$, current ‘f 28G A, ~current density of . and a pulse width of

200 ns. The primary dlfferonce between the ●mittance
measurements 1s the energy dispasion due to the 30 ns
tis~ and fall time in the hot cathode measurement.

The normalized ●mittance of ●lectrohs produced b<
an excimer-Laser-driven photocathode for spac~-charge
llmltea flow has been determined. The ●mlttance :s
less than the valuo obtained for ● hot cathode. How-
ever, because of the temporal differsvi=os of tha Mam
current pulsas, an absolute comparison wouLd requir* a
time-resolved measureme~: Uf hot cathode ●mittence over
a corresponding 20-n? Per:’.ldof the laser,

Extrapelatlon of tnesa results to ● 5-KV, S-kA
planar cathode injector with a 39-CM, anode-cathodf? gap
and an ●luminum photocathode indicate th&t ● laser
●nergy of 3.3 J would be required to obtain space-
charte limited flow. According to Ref [3], use of a Pb
photocathede would :*duce the laser ●nergy requirements
to less than 1 s, well wl’.hln thG ●nerm ra~s* of com-
mercially available ●xclmer lasers.
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rig, 4. i’eak photoelectron current density vs voltage, rig! 5! Typical ●mlctarco record,
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