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ARSLIACT ref.ected from zhe qUArtZ VACuum wingdow to the
tode Hamamatsu R1L9IV-04) was used as a rela-
Recent developments in exclper laser design have sine--eso.ved monitor of the laser outpu: Llaten-
made gear ultravioletr .Jight (ntensi.:.es oOf severa.

MW/22 possible in unfocused beams. These advances and

recer: experiments .ndic&te that nlgh-current, s.mple- A removable metal cathode disc, 2.5 ¢m in diamerer
métal PhotCeR.SElVe @leCtIQn fgURS are now feas.b.e. and (.4-C1 thick, was atcached to> a h.gh-voltage con-
Producing more than %0 A/cn of illuminated :z3trode nec:ir [nslde the vacuum chamber wa... Prior to (in-
surface., the guns could Operate at vacuums of 1a” varr sta.lation the cathode was polished Ir air to & surface
with no complicated §1ystez CORPONents :nside the vACLLD roughness of about 1C um. When in place, cthe cathode
enrlogure. The electron beam produced by such pnoto- was centered in front Of 4nd parallel to an aluainum
e~{3810n gQuURs would have very low omittance and high anode of the same diameter. Figure 2 {(llustrates t
brightness. This beam would also closely follow tre prysical anode-cathode (a-K) arrangemenc. The A-K gap
semporal characteristics of the laser pulse. max:ing was .8.3 ma, and the accelerating potential across the
fast risetime, ultrasnhort electron beam pulses pos- gap vas variable from, 0 to )0 RV. Photcelectrons
s.ble, emitted from the O,l18-ca spot llluminated by the laser
vere accelerated toward the angde. The subsequent beam
lntrodugslicn was 25..imated by the 0.071-ca opening at the center
2f he anode. The transmitted electrons then were
This paper presents the results of recent exper:- zcllected on an aluminum wire collector that ran par-
menty gonducted on 4 slmple-metal photocathode eiectrsn a..el to the elec:ron beam axis. The collector, with a
FOL I Parameters were measured (for calculational crass-sectional area of O l9 ca, was the center
est.mates Of tortal current, cdrrers 4density, emi:s- sondustor of a %2-0 zoaxial cable. The purpose of the
tanze, Srightness, and the practica. Juansum y.eiLd aperture was to e.:-m.nate the electric fleld from the
re.evant t3 sinple-metal, high-curren:, and hr{gh- surface of the co..ector. The anode and all other por-
Voltege photocazhode e.eciron guns. The gource «couid sions of the vacuu- -hamber and support hardware were
have application for a PHMERMEX in‘ector cor a diode- at ground potentia..

type, pulse-power, flash radilographic source.
Three parameters monitored during data acquisition
Exparigfertal Ie:nn gus were laser energy. A-K voltage. and the photcele~tron
2urrent. The photodiode driven by reflected laser
A Quester Node! 2000 XrF excimer laser was the light was used as the trigger source for all analyzing

RotOR  source. The exciper laser produces a photon equipmen:. One oscilloscope was dedicated to moni-
energy of % eV at a vavelength of 240 nm and with & toring this pulse. The second oscilloscope was used as
ful. pulse width of 10 ns. Figure . shows the laser the col.iector voltage monitor or the calibrating joule-
Light path components. meter monitor. as appropriate. All osclllcscopes vere
2-3Hz Textronix Mode. ?10). Data acquisition was Ppri-

Laver lignt at 170 mo per puige tn a 1-em’ beanm mar..y by osciilosccpe photographs.

Lross section was apertured tu .4 CR and then passed
through a "laser variable azzenuator,”™ Newport Research
Jorperatioln Model 9)%-10. The attenuated bean was then
transported -hrough &4n ungoated Suprasll quartz vwindow

The vacuua system conmisred uf & Vvacuus chamber
With & vo.ume of apfroximately 10 ¢. This chamber was
neoprene o-ring sea.ed and pumped by & Cryogenice Cryo-

4 ) \ rorr-98 cryopump. The best vacuum Aachieved way
And aperturet o a 0.18-ca‘ cross ssction in rhe vacuun . .

x 9 torr after .2 hours of umping. Nost a
chamber.  Af-er the (inal aperture. the beam f{lilumi- 8 x 1 r puspin daca
nated the cathode at a 4%' Incident angle. The laser were Acqulired with a4 vacuum of about 10  torr. Jecause

rthe nature of the experiment required frequent adjust-
ments lnaide the vacuum boundary with no remove manipu-
lacion ablllty, the vacuum bouhdary was (frequently
hronen.
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Data Acquiaition and Reduction Techniguea

Four experimental apparatus limitations dictaced
the scops of the data. The accelerating potential
elecrrical connection to the cathode waj rated at 25-kV
standoff and could not be relied upen to hold off
breakdown above 28 V. In addition, the minimum A-K
gap achievable was 1.8 ca, resulting in a maximum field
of less than 1% kv/cm. The current collectdr electri-
cal system had an inherent noise level that tended to
chop and discort the current pulse slgnal for collector
currents below about 0.7 mMA. Accurate measurement oOf
laser intensity atc low power levels was not possible
Wwith the joulemeter. Therefore, the laser's energy was
deterained 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 photod.o>de Output volrt-
age (V) vs Jjoulemeter energy (E) calibration curve was
obta:ned just prior to data acquis:tion. The photc-
cathode was removed and a ‘cu.emeter placed n the
.ocation of the cathode disc. The laser was pulsed ani
the outputs of the JjCculsmeter and -he phcicdiode were
simultaneously monitored, The data wvere found 0 fit
the re.ation

16
E = 0.0040% "'6 f [y

where V ig {n volts and E is (n m/ per pulse. The
Joulemeter value {8 tlme integrated whereas the peak
photodlode voltage L1 measured at a single tilme. A

least squares fit of the time lntegral of the photo-
diode voltage v the pearx photodiode voitage ylelded
the fnllowing relacionship,
0.5%2
v c vit)de . (2
peax = © [ [Viniar] )

pulse

Even though the pear voltage 13 an adeq.ate representa-
tion of the total energy, it LS8 not cptimum because
small errors {n tne peak Mmeasurement produce .arge
errors (n the laser energy. The cube of the (ntegral
Qf the voltage is proportional to the eneryy. This @
lesg sonsltive tO errors than cthe peak, The depend-
ence Of the laser endrgy on the photodiode voltage ard
integrated voltage (s obviously nonlinear. This
dependence (s not underetood. The overa.l statistical
uncertalnty was minimized by averaging 20 successive
Pulses.

he maximum current was limited by
The current density is given by,

et {3

Child-Langmuir
flow.

where d 1w the A-K spacing (cm), V the potent.al (V)
and p :h! perveance of a planar geometry (2.]4 x 10
)

AY 72 This expression is for an infinitely large
pianar A-K geometry and does not precisely represent a
cyiindrical beam. However, it 18 & reasonable approxi-
mation and is useful (n tnterpreting the data. This
vpace-charge limited electron (low was an important
Jupper data bound in devermining quantulm efficlencies.

AR extimate of beam emittance was made by replac-
ing the anode apparatus with one tha~ smpployed two par -
allel llat disc plates with apertures in each. The
dpertures vere colinear with the charge collecztor, The
firse disc served as an anode aperzure; the second disc
vas a collimator. The disc-to-disc spacing was <.%
times the window d.ameter. Operating at 20-RV acceler-
ating potenvial, the laser-{llyminated zirnc cathode
emitted eleactrons., The distance (rom the cuilector to
“he collimating disc vas varted to obtaln (nfcrmatizn
2n beam 4d{vergence,

aaula

Data obtalned &t two different laser (ntensities

with varying electric fleld strengeth applied to a 2n
photocathode are shown in Fig. J. AS expected, the low
fleld daca are limited Dby the Child-Langsuir space-
charge limited flow. The quantum ytield doses not
increase as the applled elecrtric fleld tincreases. In
fact, the quantum yield and Current are maximized in
the low field region and then peak again at about
13 wv/em, with the high fleld portion of the curve
apparently approaching wsome lower constant value.
Increasi~gy the laser intensity by & facter of two
increased the quantum yield and shifted the pears 0
higher fleld values.

The emittance was calculated using the
lated SO% current loss drift discancs.
assumed toO be uniform 4{n the plane transverse to the
beal Aaxis. The resulting normalized emiccance (¢ ) {1
J.8) ¢ mrad x mm. This normaliZed emittance value cor-
recponds t> a transverse b#am ehergy of 2.2 eV. The
electrons {n the beam would hAve &n equivalent tempera-
cure of 2.5 x 10 K.

extrapo-
The beam 13

The data for peak photoelectron current densgity of
Zn versus power are displayed in Fig. 4. As discussed
earlier, the power (s obtained from the photodiode
calibration of the energy. Thla energy las divided by
the time Of the laser pulse tO obtaln powver. The
current density (s obtained directly from the current
meAsurement by the chars collector divided by the
measured area of the anode ~nerture. Figure 4 demon-
strates cthat the current ‘s not & llnear function of
pover. In (act, BDelow the space-charge limit the curve
shows current to be a quadratic function of power.
This result will be discussed {n detall later. Another
observation {s thaz LBO BAXiBUR Current (s wvell corre-
lated to the 2.1 A/cm Vvalue predicted for space-charge
limited flow tetween parallel pPlates. Al)l other metals
shoved similar Dvehavior for space-charge limited flow
except Al., which will be discussed later.

The Zn quantum ylelds, uRcorrected for reflect-

ance, are plottez :n Fig. 5. The quantum efflciency,
JE, (s given by

2 2
QE = Current 1ensity (A/ch )/Power (wW/cm )

x S eV/phozon . (4)
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Fig. 1. Quantum efficlency vs elsctric !leld.
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Fig. 4. Variance in the current densicty (A/cm )_ as
function of {(ncident laser power (MW/cm ).
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At the space-charge l.im!t
constant and independent of
indicating he space-charg=

density
Therefore, :he .
ts given by

RE « (1l/Power)
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expected,
show &
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At lower power. .ess than 2.1
near constant quantum Yield.
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near tne space-charge .lm{® bshavo as

daza
These data are

' ~

f - "
R ---smlen| A
.

N 4

Nl -0 ° ACTINS PRI
3
—

|
|
|
1
|

Flg. 5. Quantum

Lhtensity

yield
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(electrons/photon) vs ligh

well above the minimua detection threshold of the
sys-em. This (s believed to be a result of a single
photon generatling a pho:o!loctron. At laser powvers
greacer than 0.1 Mw/cm , the quanrum efficiency
increases quadratically. The most probable explanacion
15 zhat the welectrons are produced by a two-photon
process.

A review Of the data for other metals shows N! Rha
the lowest uncorrected dquanzum yield (5.9 x 10<
electrons,/photon) and Pb has the highest (1.3 x 10
electrons/phocon). However, both reached the space-
sharge .ilmit prior to attaining a constant quantum

ield, so signifli :ixly higher quantum yields may bhe
pcasible.

conclusion

In summary, the linpig-notnl. photocathode elec-
trIn gu sperating atv 10 torr and a maximum of
I MW/ cx of 248-nm light intensity and at flelgs of

12 kRV/2m produced current densities beyond 2 A/cm in
the space-charge limit. This arrangeioent was useful
fcr obraining relacive quantun efficiencies for various
metals. The space-charge limlt prevents observation of
the maximum quantum efficiency at full laser pover.
Therafore, in order to obtaln quantum efficlencles at
high power, these results must be extrapoliated. If the
near guadratic dependence Oof n on power holds, quantum
efficlencies greater than J x 10 electrons/photen
alght be achieved. However, even at the quantum ylelds

establi ihed here, a 5=MW/cm , 248-nm {(ntensity could
produce over 23 A/ca froam Zn. In addition, that sage
current Jejsity can be produced from Pb at 1 MW/<m
An 80-cr cathode (area of PHERNEX electron gun
cathode) co.iuld be expected to produce & beam current of
more than %20 A when driven by a 800-nJ Krf excimer
.aser.

At presen: work (s dire_ted towvard generating an

elect:on beam in a standard electron gun using an

800-m' KrF la*er on an 80-ca cathode. Because the

PHERNEX gun has a capability of generating cathode

temperacure, ne possibility of exploring a hybrid

source exists.
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