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rl#! 1. i.ibht pith com~n.nto,
—

work Nrforrnod dndor th$ 4Uiplco B of tho U,S, >apatt-

y.- :. 3.4

::a~: ref:ec:ed !r3m S?IO quartz VmCUIM window to C!IO
??:::ti:~de Hamamacs~ i+li93:-04) uas uaad as a rola-
- ‘ ,.re. . ::me--asoivod ❑on itor of cha iaao: outpu: 15con-

5.:,

A :OMOVab10 mwcal :achodo disc, 2.5 cm in dlamocar
and :.4-CZ Ch:ck, waE ●ccachod C5 a h*gh-volta#o con-
nac:zr :alldo tn. vacuum :ha Mbar Wail, Prior to ln -
scailat:on :!IO cathodo was pollshmd 1P ●lr co a Iurfac@
rough noss of about 10 um. Uhan in placa, Eho cachodo
wa o :encor@d in front mf ●nd Wra Llol co ●n alu.mlnum

a:~de Of the name dlammcer. ~isuro 2 l~luocratoa the
phymical anOd@-Cath Od. (A-K) ●rransommnc. Tho A-K sap
ua I :8.5 mm, ●nd tn. ●ccoloratlng pocont~al ●croaa tho
nap wan var lablo from2 O CO 30 kV. Pltotomloctrona

cmlccod from CM O,ll-ca apt Illumlrmtti by tho Laaar
w-r. accolaratmd toward the ●n

ua 8 :Slllmated by tho 0.071-CM

gal.. TM a.bamqu.nt bomm

opmnlng at tho contor
of :ho ●node. TtIo cranamltcmd ●loctrono then woro
:sl L@ctod on an ●lumlnum wlr- COll@CtOr chat ran par-

a:lol to tho ●loc:r>n bream ●xial T ● colloctor, ulch a
9

:r58~-socc ional area 0( O 156 cm , wa a tho center
:O?.di:tor Of a !:-9 :oaxlal cable. Trio purpao of cho
a~rttirc uao to ● ::-knaco the ●loctrlc floid from tho

iurfaco of cho co:: cccor. TIIO ●nodo ●nd ●ll othor ~r -
:lons of tho vacu..- Zhambmr and support hardware wr~
●t #round Pocant la:

Throc pmramottrm ❑onlcorcd durlnt data ●cqulaltlon
uorc la80r ●nor~, A-K vOICacO, and chc photc+lo~tron
e,urrcnt . The phocodlodo drlvan by roflcccmd laaor
light uaa uaod ●a tho trl#sor aourco for ●ll ●nalyzlna
●qulpmcn:. on. oacilloaeo~ ua a dedicat8d to mont -
torlns chin pulao. ?IIS aocond oacllloacopa waa umod as
C5C coikoccor voltage monitor or tho callbratln[ joula-
m~tor moniror, ●a approprlat~, All oaclllcaco~s umro
2-GHz Tektronix Hod@: ?101. Data ●cqulaltion wao prl-
mariiy by OaCli100CCpO phucographa,

~t’10 vatuU.M fiystwm conmiacgd Uf ● vacuum chambr
Wi:h a VOiUMa Of aFprORtM4LOly 10 /, This cnambmr was
r,aoprono o-rlnt saaied afid pumpad by ● Cryo#Qnlca Cryo-
!orr-O

-0
cryopump T,lo boat vacuum achlcvot-1 wa ~

0Xi9 torr after i2 hour- of pumpln
-1’

moat data

wort acqulrad with a ‘vacuum of about 10 torr. Wcaume
~,ho naturo of the exporimont r~qulrcd (raquont adJuat-
monts lnaldo t?. varuu.m boundary with no romota manipu-
lation ablllty, Cho vacu~ bundary wa a froquontly

t Ia—-~’-.
COAEIA1— —..— -.— _

Co-oucron ‘--—
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Four cmprlmantal apparatus limitations dlctaced

tho oco~ of tho data, Tho acceloraclng patcnclal
@&@ccrlcal concoction to th. cach~@ wai ra~-d at 25-kV

standoff ●nd Could not - rolled u~n to hold off

br~amdown twvo 20 ltV. In addltlon, the minimum A-K

gap achiOVhb10 UMt 1.8 Cm, roaultins in a maximum fisld
of 101s than 15 kV/cm. Tho Curronc collcccar sl@ccrl-

Cal system had ●n lnhorcnc nOISO lovol chat Cendcd to
chop and dlscort tho Curronc pulse Signal for Collcccor
currents blow amuc 0,7 ti. Accuraco ❑oasuromonc of
lager inconsity ac low Wwer levels ua a noc p3Bsiblo
With the jOulOMOCer. Thorefaro, c9. iasor’s ●nergy wat
dQc@rmlnod ualng cho fast res~nsa phococliods call-
brac~d, In situ. wlch a Ooncoc-200 Calorlmetor head.

Tho faat Phocodlodo output varlanco W1C!7 laoor
pulsa cnorgy was nonllnoar. A photod:ado CIUCpUt VOlt-

ago (V) vs Joulcmocor .norn’ (E) Cal:bratlon curve uas

obta:ned Just prior co data acqu:s::!o?. T!.* pkotD-
:atnodb Uag removed and a Jouiamocer p:aced :n Ch,

iocat ion of tho cathode disc. T’>,* iaser uas pu:sed a?i
cho outputs of the jcuiamocor and :he phc:c d:ade were
simulta~eously monlcorod, Tne data woro fa,~r,d :2 fl~
cho roiat ion

E=0.0046V616 , ,. .1

whcro V lC in VOICI and C la in mJ per pu19e ~~1..

joulam9cor valuo 11 tlmo lnc~~racod whereas che petk
phocodlod~ voltelc 1s Moasurod ●t a single Clint. A
leant Iquarmn flc of the Clme integral of :ha pl?oto-
diOd@ VOICagO v- ChO p.ak pnocodiode volta#o ylclcfod
tho following rolacionahip,

v
peak ■ c [ ~V(t)dt]O’52

puLI@

(2)

Evtn thouuh the ~ak volta~o iI an adeq:a:e r@pr@sen:a-
tlon of chu tOtal cnor#’y, Ic 11 not :ptlmum becau9e
smali mrrorm in cna peak moasurom,ant produc@ :ar$o
●rrors in cho laser enor#y, TtIo ClIt, Of thw lnte~ral
of cho volcsg~ la proporclonal co ths •ncr~. This 11
l~mo oonmicivo to ●rrorn than cho peak, Thw d@pend-
●nco of tha IaO@r ●ntrg’y on Cl). photodlodo Volta[o afid
:nco~ratcd volcaso 1s Oc)viously nonlinear. This
dopendonco la not undorltood. Tho ovora.1 statistical
unc~rtalnty waI mln:mlzod by ●vcragln~ 20 9uccemslv@
)Ulaao.

~iow ~ht maximum current wsa llmltod by Cl?lLd-L-sngmulr

Tho current d.n~lty 11 glvcn by,

(1)

Wltora d 10 cha A-K -pacing (cm), V th~ pOt@nC.ai (v)l

and P ch ~rvoanca of ● planar
*v.1/2) !

gaometry (2.14 x 10-g

Thla ●rrproaslon la for ●n Infinltcly lar~o
pianar A-K #@omotry and d~s not proclaolY rOp1090nt J

cYilndrlcal bream, Howevor, it IS a roasonablo approxl-
mttion and im uoofui in intorproclng cho data. TIIIB
upsca-charg~ llmltod cloctron flow wam An Importsnt

OPPQr data bound in dotorminlng quantum ●(flctoncisa,

An ●tti,mat@ Of b.am ●fr+ictanc@ waa mad. by rOplaC-
In[ tha anode ●p~ratuc wlch one chap, employed CW’J par
41!01 flat dlac platoo wllh aperlurom :n each. Th@
aptrt UrOt Were Collncar With th~ chars. collo:tor, The
flr~t dlic I@rVOd ●t an ●nodo apgrture: tho gocond dltc
was a collimator, Th@ dice-to-dllc spacin$ uas 2.9
Cimor tho wlndou diam.tor, Operacln# ●t 70-RV accolor-
stingpotwnrlhl, tllo laoor-illuminated Z!RC cathodr
●ml!tcd ●lectronwt The dlgtanco (rem the coilector t:
:ho coliimatins disc was vmriod ~= olataln icfvrmat:2n
on beam dlvcr#enc@.

Dat4 obtalncd at two dlffor~nt laser lnconsl! loo

with varying ●lsccrlc flold mtronsch appll.d co a Zn
phococachodo •r~ shown in Fig. ]. AS •~CC~, th~ low

flold data aro llmlced by Cho Child-Lan~uir s~ca-
char#o llmitcd flow. Tho quantum yiald d~s noc

Increase ao tho appllod ●l~ccric field incroasos. In
face , tho quantum yield and currenc ar~ maximized in
thO low field r.glen and then peak asaln ac smut
il kV/cm, with the hiSh flold portion of cho curvo
ap~rancly approaching oomo lowor conscanc Vnluc.
Increas L:.4 :ho laaer inc-nsity by a factGr of cuo
Incroasod rho quantum ylold and Sh!.fcod che peamm co
high.r flold valuoa.

The ●mlctanco was calculated using tilo●xcrapo-
lat-d 50% current Loss drlfc dlatancc. Tho bemm IS
assumed to be uniform in tho plan- tranavcrao to tho
beam axis. Tho rosulcing normallzod amlccanco (i ) 10

3.S3 T mrad x mm. TrIl# nOfMMllZOd ●mittance valuoncor-

refponds Ca a transvorao beam •ncr~ of 2.2 9V. The

●leccrons in the4bam would have an ●qulvalent tempera-

c,~re of 2.5 x 10 K.

The data for peak photoelectron Current denglc;r of
z: ,versus pc.wer are displayed in Fig. 4. As dincusaed
earlier, che power 1s obtained from Cho photodlodm
calibration of the ●nergy. Thla ●nergy la divldcd by
thO :ime of the laaer pulso to obtain power. Th@
current denmicy 10 obcalnod direccly from Cho current
measurement by tho char? col~ector divided by cbe
measured area of the anodo ●Wrcure. Figure 4 demon-
scrsces thaC ChO currefsc ‘.0 not ● iinear funcclon of
power. In fsct. M1OW tl)e spaco-char[e llmlt che curve
shows cur:enc to M ● quadr4tiC funcclon of power.
ThlI result will M dlscussad in detail laCOr. Mothor
obaervaclon la Chat t ● UXlmuS Curr.nt la Well

9
corre-

lated to the 2.1 A/cm ValUC prmdict- for 9pMC0-Char#O

Llmlced flow totu-n parallsl platea. All Other mocalc
thouod similar bMhaVIOr for apace-charge limited flow
●xcepc Al, bIhiCh will M dlscuaaed laCOr,

The Zn quantun ylelda, uncorrected for reflect-
ance, are piocce: Ln Fig. 5. The quancui ●fflclency,

QE, la given by

QE ■ Current zenslcy (A/cm2)/Powor (W/cm2)

x 5 eV/pho:on (4)
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Fig. 4. Varlanco in che curIonc donslcy (A/CM-) as ●

function of lncldonc Iasor pow-r (XU/cm2).

At :he apac8-ch.sr#o limlc the c::ren: iensi:y :5
:onotanc and lndopandent of ~wor :hercforo, !50 Line
:ndlcac!ng :ho Spat--charu= i!mlc :s i!’w: by

QE a (1 /Powor) (5)

Again tha data naar cno spaco-charge Llml: b ?,

●xpecccd. At lowor pcwor, Lois than ,/. Hwlc:av::;
!how a n~ar Collstallt quantum ylold. Thcso data ar~

—.

1—

Well atcvo tllominimum decactlon throchold of the
sys:em. This 1s Mlievod co M ● result of a single
pnoton generaclng a phocc leCtrOn. At laser Pwers

?
greater than 0.1 MU/cm , the quanrum ●fficiency
i:c:easos quadratically. The most prohble ●xplanaclon
:s :ka: :30 ●lactror.s are produced by a cwo-photon
process.

A rev:ew ~f she data for ocher matalr shows Ml ha
-t

Cho iowesc uncorrected quan:ium yield (5.9 x :3-4

aleccro:s,’photon) and Pb has the hl~heoc (1.3 x 10
eleccrons/photon). Howver, tmch reached the space-
:hargs LlrAlt prior to attaining a constant quantum
yisld, so slgnlfl-, I::y higher quantum yields may k+
poaqiblo.

: ~, s~mary, the cimp~g-motalb photocsthode ●leC-

:::: Ru$ Owraclng ac 10 corr and a maximum of

: !IW,’CZ of 240-rim llghc lntenslty ind at flel s of
9

“ kV/:m ?roduccd currcnc densicles beyond-. 2 A/cm in
:he space-charge limit. This arrangcioent was u-eful
!cr obtaining rclacivo quantum ●fficiencies fOr varlOUS
mttals The space-char~e limit prevents obsorvatlon of
:he maximum quantum ●fflcioncy ●t full laser ~wer.
Therefore, In order to obcaln quantum ●fficlenclbs at
h!uh power, these reeults muSt b9 ●xtra~lated. If tho
Rear

than 3xltiqfiJ~:;2xSJR

quadratic de~ndonco of q on

●fficiencies troacer
mlgnc M ●chlovad. Eovevor, ●ven ●t tho quantum yields

cstabli ;hed here, ● 5;UM/cm’, 248-rim intensity could

produce over 21 A/cm from Zn. !n ●ddition, that s40

cwrent de slty can bm produced from
!

Pb ●t 1 MH/zm’.

An 80-cI.’ cathode (area of P~ ●lectron Iun
cathode) co.lld be ●xpected to prcduco ● Mam current of
nore than $30 A when drlvon by ● 800-ti KrF ●xclmer
:ascr.

At presen: work 1S dlr~:ted toward generating an
●lact:on beam Lr, a sthndard

)
● ●ctron gun usln~ an

BOO-M? KrF lamer on -n 80-cm cathodo, Eiocause tt,e
PKEIUZX sun has a capability of #enoratlng cathode
:emp+r*ture, }he posSibllltY of ●xplorins a hybrid

source ●xists.”
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