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ABSTRACT

During four years of un Hne operation of the SLAC polarized electron

gun (PLGCY)Y and palarized LEEDN(PLEED) system, we have obsorved and char-
acterlzed the failure nodes of the G As (100 photacathades (17C's) used 1n these
systemi.  Severnd modes are ohserved.  Graduad decrvases in eoleetron polari-

zation and intensity are attributed to the physisorption of COC o the PO during
running it 1N, temperptures,  Such POC's can be refuvensted by warming to 90k,
i, ¢, ahove the U0, deserption temperature, Phese PO recover 0 of thedr

orlinal ntensity. A ceeond well-characterized failure mode resalts feom over-
heating the PO during in=situ heat cleaning prior toactivalion In this mode, ox
{5 preferentinlly evapordoed (rom the Do As ) eavinge o Gaods | ever on the surface .
This effect has heen stdied by YEES spatter paolilg: stach o otes el the

substantin} thickness of the oxide faver blocke phetaemee on, These 190 % mian
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only be recovered by chemieally removing the oxide layer. A third mode which
is not asg well characterized appears for thin Ga oxide layers., Properties of
these FC' s include redoced emission and the presence of a cutoff bias level.

Such PC' are alse not recoverable in-situ.

INTRODUCTION

Kegatlve-clectron-affinity (NEA} Cs oxide-coated GaAs was proposed
by Garwin et al, } {n 1974 as a high-intensity photoemission souree of polarized
electrans, A polarlzed electron gun (PEGGY) source was subsequently devel-
oped by SLAC for use, beginning in Y977, on the linear accelerator in an experi-
ment to measure parity non-conservation in the inelastic scuttering of pelarized
clecteons from deuterfum®,  This source has also been ndapted for use at very
low energles {n tho SLLAC polarized LEED (PLEED) system“. The source pos-
senses high brightness and current, In addition to which the polarization of the
photoemitted electrens may be reversed by reversal of the optical polarization
of the phote exelting lnser light,  These properties {espeeiplly high current) also
make the souree destreable for use un the proposed SLAC Linear Collider.

Beginning with our early developmental work on the source, we have

used some tens of GaAs photocathodes (PC's). Operating characteristics have

heen poted and eathode Gdlures and anomalles, where they have occurred, have

breen studfed both In-sitn and iy o separate Auger clectron spectroscopy (AFS)

syetem, A number of distinet cathode operationi) modes have been observed.

The inereasing populacity of the source” motivates dissemination of the results

at these studies,
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CATHODE PREPARATION

Briefly, cathodes are prepaved by the following steps: 1) chemical
etching, 2) nsertjon into vacuum and bake-out, 3) heat cloaning to Sal-6G60
4) quenching to 20° C, followed by avtivation with ¢35 ond O, and, 5) cooling te an
operationa) temperavire of ~ DK,

Sources were usually made on 6x 1018 10 4 x 1079 Zn-duped p-GaAs (100)
wafers, although some expuriments were done of p=GiagAs (111} Results appear

similar for both types. Crueeia! to the production of o gomd bigh quantum officlen-

cy¥ {QE) PC in-situ was the elching procedure usoid prior to introduction into
vacvum. The PC's cannol be effeetively cleanod of € contamination or thick
oxide layers by in-site hent treatment,  The ctching process must leave only a
few per ceni or less of C or oxide un the surfnce before inscertion {nto UHVY,
Deposition of Cs onto the GiaAs prior to bake-out prevents oxldation of the GuAs
surface during the bake and La ugeful i removing the remaining few per cont of
C durlng the first heat cleaning, (ur elching procedure §s developed from the
work of Shiota et al. ® and may be found reproduced exactly in Pierce ot al. 7
where further details of the SLAC source are included. (mr AES studics show

that very clean GuAs surfaces and high QE (for the bulk material used here) PC's

are produced uaing this ctch procedure. Thin oxide luyers can be removed by
in~situ heat treatment 1o 3850° ¢, although much of vur work used a 660° C lreat-
ment temperature,

PC actlvation {s done by simultancuus exposure to s vapor and O, gas.
The phato-cmitted current generated by white (tungsten lamp) or red band gap
light (obtained by laserting a filter possessing long wavelength pass and a 505
cutoff at 710 nm) is mondtored while the Cs and 0. rates are adjusted for maxi-

mum QE. Long {~ 1 hour) additional exposures of fow (O pressures led to the
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most stuble cathodes,  Typleal QE's for good PC's were 4% (maximum 20% )
with white to red lght (W/R eatio) photocurrents of 3/1 or less, Puor PC's had
a QF of less than 2% and W/R greater than 4, Undamaged cathodes could be
hemt-cleancd of Cs oxtde and re-activated in-sitv, if desired.  The operaticna)
characterdsties of the PEGGY and PLEED system sources are given in Table 1.
} was possible to genergte larger electron current pulses (> 1 A peak, 1. Gu sec

pulses) than the Hnear aceclerator could accopt at the Injucton energy of 65 keV.

ALS SYSTEM

The AES system 18 of standard UHV design, incorporating a CMA with
axial electron gun and Ar sputter jon gun. Beam incidence angles to the surface
normut fur the eleetron and ion beams were 30° and 41*, respuctively. The
sputter eteh rate for Ga,0y at this angle and 1 keV energy was measured on ther-
mally grown thick oxides on GaAs as 1,92 (A/min/x A/em?). The axide stoi-

chliometry was vertfied by X-ray analysis. This rate is similar 1o that for GaAs
and i used in the depth profiles presented here.

Aupger sensltivitios were determined for our system using sputter-cleaned
bulk material or thick films. Depth profiles are presented us Auger peak-to-peak
heights divided by their appropriate sensitivitics. Peaka and sensitivities used
were for elemental As(34 c¢V), elemental Ga (55 eV}, graphitic C (~ 278 ¢V), O

from Gayty {~ 515 eV) and Cs (~ 587 eV). s uisc has a major peak at 4G 2V,
so it wus not poesibly 1o monitor the oxidized Ga peak on coslated samples, The

presence of oxidized Ga was Inferred from shifts in cnergy and change of shape
in the Ga 55 eV prak®,  Other evidence for the presence of Ga oxidation will be

presented in the difcussion on non-recoverable PC's.
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The PC"s were removed from e PRLGGY or PLEED systems by ceslat-
ing and then expowving the PC to several hundred tore of pure ) just prior to
cpening. ‘This step saturates the Cs layer and prevents waier vapor reaction
with its consequent bubble formation, Thus, the actual Cs layer observed in the
AEB system may be (and probpbly is) different than that present i actual PC
operation, Nuvyrtholoss, the studios presentod here are uscful beenuse they
compare profiles of "good'! PC's with those thut have fulled In operation, nating

that both types nro teentod lduntieally durlng remuoval,

CATHODE CHARACTERISTICS

All GaAs cathodes used at 8LAC soonur or luter show o decline in QF
with usage. Kome wero rovoverible for many cyeles in-situ; the rest were not.
One of the PC's examined wos used for nlne months in PECKIY on the parity vio-
lation experiment. It was removed nt the termination of the experiment for ex-
amination. Typleul o=line use of this PC was 24 hours 'day, 100 to 1505 A

(10’2 to 3.572072 vleetrons) puldes, 1 .. see lomg al 120 pelses sec.

Recoverable Cathudes:

Hocoverable PC' suffored from ane or more of the following: 1) €1,

adsorption, 2j C's lugs by surface diffuxion, and B exvess 0. adsorplivn coused

by electrm-induced gas desoeption frafn the eloectron aatics,

PC% have bigher i -tron golarization 4t low tempecatures | so cathul-s
were generally LN, cooled,  This inevitably ded over long tine perivds 1o physi-
worption of CO, with conscquent decay e 1°C carcont and pularization.  These

PC% are nearly tatally recoverabte by warming the 1M 1o above the thermal
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desorption temperature of CO,, §. €., above 90K {generally we went to 200K)
and then recooling to LN, temperature.

Cs less (presumably by surface diffesion) was coused by numing PC's at
higher (~ 20* C) temperatures, Such PC's could be rejuvenated by addition of
more Cs and O at 20 €. Activation In any case i3 most efficient at this temper-
ature beeause the Cs and O, are mobile enough to form the dipcle layer needed
for NEA withaut the rapid loss of Cs from the PC that would ocour at still higher
temperatures.

PC's which picked up too much Oy, either by EID or itnproper NEA actl-
vation could be recleaned by heat treatment to 680=0660° C and subsoquent reacti-
vation, provided that a thick oxide lnyor had not formed on tha CaAs itself,
Thermal desorption of gases, 8uch aa CO,, from the eloctron optics structure

"seen" by the PC was recognized early in tho devolopmental program as a cause

of fast QE decay. Thie effect was minlmized by cooling tiaso parts with LN,

Non-recoverable (Cpthodes:

In-situ non-recovernble PO fll inta suveral distinct types: 1) C-cone
taminnted surfaces, 2) Gu-rich supface layors oxidized in-situ or upon O, expo-
sure during removal nnd, 3) thinner oxide lnyors formed belweon the O3 oxide
overlayer and the GaAs substrate,

C-contaminated PC's wete cate due to the cleanliness of Loth the PLEED
and PEGGY systems. The seurce of the ¢ was unkown but may be present on

the eathode bolder prior tv Inscrtion and than migrates (o the PC surface during

operation. This effec! was best charaterized ot PEGGY, in-situ experiments,
ivolving steering the luser spit acruse the B¢ surface, indicated that PC omie-~
sion was occurring from patches on the surface.  Typlcal porfocmance was a
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PC displaying 2 low W’R ratio (indieative of gond NEA) but alsv Iow boeam cur-
rest. Subsequent depth profile examindlion {Figure 1} shows a high C concenten—
tion at the sarface,

The second type of fallure ocourred when a PO was Inndvertently over-
beated (> 660" C) during a cleaning cyele prior to activation, By uscewding the
congruent evaporation temperature of GaAs (T, HGRI*CY, An is groferentinlly
cvaporated, leaving behind a thick G layer, (enevally We damage waw visible
by optical inspection as an alteration (h the mireor suefnco of the PC. The
depth profile showed that the O concenteation oxtended well {ato the Gulk of the
GaAs. These PC'%s could no longoer be activated in-situ and were tromovad for

chemical etching of the damaged layer, Figure 2 whows the clear slinllaclties

between the Auger spectra of these PC's And thermually grown Gaxly layers,
The most commion type of In-silu PC failure oecurred when tue much 1),

was iniroduced inte the Cs oxide layer during actlvation, The PC's showed Juw

QE and poor W/R ratios. In addition, the photuemission Increased with increaged
cathode extraction bias, although pateh emnission was not detecivd, as in the C-
contasnination ease. Heat cleabing and re-petivation did not improve, and
genexally cansed further degradation In, the PU quality, This indientes that &
permanent change had recurred on the sotive GaAs surface. Comparieon of
depth profiles for normal PC'% and these (Figures 3, 3) shows that o high ©
comcentration extends bevond the Cs Joyer and into the GaAs. The time evolu-

tion of the cathode bias effect chserved is ghown in Figure 5, Ip the presence
of Dhmination and applied bias, the onsct of phutaomission took place ot lower
and lower applied biag as time progressed, If elther Slumination or bins wore
removed, the point at which the next onset would occur shifted to higher bias.
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We ageribe, tharefore, this last type of PC fhilure to space-charge-limited
photoemigsion through an oxide Inyer present between the Cs oxide and the GaAs
bulk. These £C'% were fully recoversble only by chemical etching.

CONCLUSION

We find that the primary caudcs of permanent cathode degradation are
overheating duting the cleanlag cycla and qver-oxtdation during O cxide acti-
vation. MNoth of thuae may be avotded with praper cave.

Qur exporionce at SLAC shows that NEA GaAs 18 a dependable long-Hved
high current alectren soures. Typleal clectron polarization from thia source is
10 + 5%, oloat to tha predicted theoretical valuel of 50%. We are presently en-
gaged in & polorization fmprovement progeam, This Involves producing source
types with GnAst present high current but with improved polarization. These
include strogsed-GnAs, MBE multilayer atructures, and chalcopyrite emitters,
All promise ot havo already ehown highor polarization than NEA-GaAs; that one
which wilt also show operstional convenience will be the polarized-electron cath-
wie of the future,
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FIGURE CAPTIONS

Dopth profile for C—contaminated cathode. Appavently over thick layer of
Cs and G due to lon-knock effects and greater Auger aleciron escape depth
than that for As and Ga.

AES spectra for a) clean GaAs, b) thermally grown thick layer of Ga,Oy
ond ¢) overheated PC. Energy shifts apd shape changes in c) are copsis-
tent with uxidized GaAsS,

Typical depth profile for undamaged PC's. Ion knock-on and esogpe depth
uffocts are apparent in Ca and O line shapes.

Depth profile for “thin oxide" interface layer. Compare to Figure 3.
Source of the maxima In the Cs and O lines is unkonown.

Change in cathode extraction bias polential as a function of elapsed illumine-

tion time for "thin oxide" layers.
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