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AHSTItACT 

During four yearn 'jf mi I Inn operat ion uf Lhi' >I.A<" polarized electron 

gun (l'r.(H'Y> and polar ized LEE I) (I'LKED) system, wu have oliscrvrt! ami cha r ­

ac t e r i zed the failure 'nodes -jf tin- C:IAH (Hit*) photoratModes (PC's) used In these 

syf-tcmH. Severn 1 mcick-K art- observed. Gradual deereaneH in electron po la r i ­

zation and Intensity a r e altrihutoil to the iiln'Msorptimi "f ( ' ( ' . DII ihe J T ' s durlne, 

running at I,N 7 t e m p e r a t u r e s , Such PC ' s run bv rejuvenated bv unrnilni: u> !»i>K, 

I . e . , above the r n , dcsi-n'tlon t empera tu re . The:;e I T ' : , IVI K I I T 'MI', U[ the i r 

orlfiinal InU-nf.ity. A iieeoiid we l l - eha rae l e r i / ed la lhiP ' mode I'l-.-̂ tilln ii'nm over­

heating tin1 I T during iJi-.'dtu heal ilcnnitii: prim- i<, activation In ihj>: mode, ••.'• 

IK preferential ly evaporated fl""lii tile ii:i,\:i, le.cvlnt: -i <..i.<» I r.'M on (lie Mirfai i . 

Thi:; effeet has been studied h\ W:i- .spinier J>J >;liluij: -Atin I. n. :i, ,1. • ili;,i llu 

substant ia l Hilfklll:.'*:. ot I he s>xjde l a v e r bl<« I.; | iln *1 • JI • rt. i ;._• mn . Hir- . r H '•• m a \ 
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only 1M> recovered by chemically removing the oxide layer, A third mod© which 

lb not as well characterized appears for thin Ga oxide layers. Properties of 

these PC' e include reduced emission and the presence of a cutoff bias level. 

Such PC's are also nut recoverable in-situ. 

INTRODUCTION 

Ne^atlve-elcctron-affinity (NEA) Cs oxide-coated GaAs was proposed 

l>y Carwln et al. in 19"-l as a high-intensity photoemlHslon source ofpolarteed 

electrons, A pularlzccl electron gun (PEGGY) source was subsequently devel­

oped by SLAT for ime, beginning in 1977, on tiio linear accelerator In an experi­

ment l<> measure parity non-conservation in the Inelastic scattering of polarized 

electrons from deuterium". This source has also been adapted for use ut very 

low energies In the Sl.AC polarized LEED (Pl.KED) system"1. The source pos-

.SOIIHOH high brightness and current, In addition to which the polarization of the 

photocmllLcd electrons may be reversed by reversal of the optical polarization 

ol the photo exciting Inner light. These properties (especially hiRh current) also 

inaf-i the source dcslrenhle for use on the proposed SLAC Linear Collider . 

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

used some tens o( (laAn phntocathodc* (PC 'H) . Operating characteristics have 

been noted ami cathode failures and anomalies, where they have occurred, have 

been studied both In-nlUi am! In a separate Auger electron spectroscopy 'AFS) 

nyRlem. A number of distinct cathode operational modes have been observed. 

The increasing popularity of the source 1 ' motivates diRtU'mIllation of the results 

(it tlie.se s tudies , 

I , ; • ;• • • ! • • • , < : ' ••.. H ' A - l i t >•'> S ' . i ! > " 
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CATHODE PHEPAItATION 

Briefly, cathodes are prepared by the following steps: 1) chemk-al 

etching, 2) Insertion into vacuum and bakc-uut, :») heat clcanlne to r>Mi-<;<;<> < ~. 

4) quenching to 20* C, followed by activation with {*# ami O, and, r,\ cooling w an 

operational temperature of "• KOK, 

Sources were usually made on C * I 0 I K to 4 X I 0 1 9 Ziwiupcd p-CaAe (J(id) 

wafers, although sonic experiments were done uf p-tiuAs (111). insults appear 

similar for both types. Crucial to lh« production of ;i KWMI hl^li f|Uiiiitum efficien­

cy (QE) PC in-sihi was Ihu etching procedure uscii prior to introduction into 

vacuum. The PC's cannot be effectively dunned of C contamination or thick 

oxide layers by in-sitj heat treatment. The etching process must leave only :i 

few per cent or less of C or oxide un the surface before insertion into UUV. 

Deposition of Cs onto the Ca.An prior to bake-out prevents oxidation of Hie c.aAs 

surface during the bake and la uaeful iti removing the remaining lew per cunt of 

C during the first heat cleaning. Our etching procedure is developed from the 

work of Rhlola et al. G and may he found reproduced exactly in Pierce et al. 7 

where further details of thu S1.AC source are Included. Chir Al:s studies .show 

that very clean CaAs surfaces and high QE (for tho bulk material used here) I T ' S 

are produced using this etch procedure'. Thin oxide layers can he removed by 

in-situ heat treatment to .'>««• c, although much of our work used a 6<;o* c treat­

ment temperature. 

PC activation in done by simultaneous exposure to OJ vapor and Oj sa». 

The photo-emitted current generated by white (tungsten lamp) or red band Rap 

light (obtained by inserting a Alter possessing long wavelength pass and a 50'.; 

cutoff at 710 ntn) Is monitored while the Cs and () : rates arc adjusted for maxi­

mum QE. Long (~ 1 hour) additional exposures of low O. pressures led to tin-

http://Ca.An
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m«il stable cathodes. Typical QE's for good PC's were 4'i (maximum 20% ) 

with white to red light (W/ll ratio) photocurrcnts of 3/1 or IKBS. Poor PC's had 

•i QE or 1«SJI than 2^ and W/B greater than 4. Undamaged cathodes could be 

licai-t-h'am-it of Cs oxide and re-activated uvstro, if desired. The operational 

characteristics of the PKGGY and PLEED system sources are given in Table 1. 

it wits i>t«islhtc to generate larger electron current pul«es (> 1 A peak, I. tyi sec 

pulses) than tlie linear accelerator could accept at the Injection energy of fiS keV. 

AES SYSTEM 

*ITie AES system Is of standard UHV design, incorporating a CMA with 

axial electron gun and Ar sputter ion gun. Beam Incidence angles to the surface 

normal for the electron and ion beamB were 30" and <ll*, respectively. The 

sputter etch rate for CajÔ  at this angle and 3 keV energy was measured on ther­

mally grown thick oxides on CaAB as 1,98 (A/min)/ji A/cma). The oxide stoi-

uhiometry was verified by X-ray analysis. This rate is similar to that for CaAs 

and in used in the depth profiles presented here. 

Auger sensitivities were determined for our system using sputter-cleaned 

bulk material or thick films. Depth profiles are presented as Auger peak-to-pcaH 

heights divided by their appropriate sensitivities. Peaks and sensitivities used 

were for elemental Ae(34 cV). elemental Ga (55 eV), graphitic C (*- 270 eV), O 

from (larfij (*- 515 cV) and Cs («• 567 eV), Cs also has a major peak at 48 cV, 

so it wus not possible to monitor the oxidized Ca peak on ceslated samples. The 

presence of oxidized Ga was Inferred from shifts in energy and change of shape 

In the tin 55 cV pr-jfcB. other evidence for the presence of Ga oxidation will be 

presented In the discussion on non-recoverable PC's. 
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The PC* were, removed from the PkGCV or PLE£D systems by ccslat-

lDg tod then expwbiB the PC to several hundred torr of pare i\ Jiwt prior lo 

opening. This step saturates the Cs layer and prevents water vapor reaction 

with Its consequent bubble formation. Thus, the actual Cs layer observed in the 

AES system may be (and probably Is) different than that present in actual PC 

operation. Nevertheless, the studios presented here are useful bccaime Uicy 

compare profiles of "flood" PCs with those that hnvc failed In overuiian, noLing 

that both types nru trentud IduntU-nlly durlnu. removal, 

CATHODE CHArtACTEIUSTICS 

All GflAe eathodoa used at SI.AC soonur or later ahum- ;i tJi-i-Hni! In QK 

with uisfce. Krone were recoverable for many cycles In-situ: Uu- rest were not. 

One of the PC's examined was used for nine months In PKC:I;Y u n the ji.-irity vio­

lation experiment. It was removed lit the termination of ihv ojqxTlnicnt for ex­

amination. Typical oi-lino use of thle PC WUH '2-i liours 'd.iy, lno «• ir.Oji A 

(It) ' 2 to 1. B ÎO " uleelrorw) pukes, 1, + bee Iwnn at luo |>UIKI>K M-V. 

Recoverable Cathodes: 

Itacoverablu PC's suffered front <MM« or wort t>l the fallowing; i) n u 

adsorption, 2) C's loan by surface dlffuxiun, and :tl fxi-psn f>; adttiirpUuii r.-iuKr.l 

by clvctr«n-ln<hK.<*<(«an deception front the H<*-tr<xi <j}*tu s. 

I'C*e have hlijlwr <*ti •'trim («iLtrlirntt<tn .it lu» <rmj*<TMuri--->. MI • alhmh-K 

were generally Mij veiled. This Inevitably l«*d w r )<M!K time |»*rlud5 tu i>hysi-

«OT|Mton of CO, with ccittux&uM decay In I'C curcvnl .-mil i^d.-irtz.illnn. Thrs«' 

PC* are nearly fc*ally wowrable fay warming the pt ft al>t>ve tin* thermal 
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deoorpUtn temperature of CCfe, Ue., above 9DK (generally wo went to 200K} 

and then receding to Lt*z temperature. 

CB loss (presumably by surface diffusion) wa» coined by numtog PC's at 

higher (- 20* C) tewjwratures. Such PC's could bo rejuvenated by addition of 

more Ce and O, at 20- C. Activation In any case Is most efficient at this temper­

ature because the Ce and Oj are mobile enough to form the dlpole layer needed 

for NEA without the rapid lose or Cs from thu PC that would occur at still higher 

icmpcrahiree. 

PC's which picked up too much Otl either by EID or Improper NEA aeU-

vntion could be rccleaned by heat treatment to G80-C00J C and subsequent reaotl-

vation, provided that a thick oxide layer had not formed on the C»A« itself. 

Thermal desorption of gases, such nfl CO;, from the electron optics structure 

"seen" by the PC was recognised early In the developmental program as a cause 

of fust QE decay. This effect was minimized by coollcfe tiiSic parts with LNj. 

Non-recoverable CathodCK; 

In-situ tion-recoverable PC's (nil Into several distinct type*t 1) C-con-

tnminntcd surface;;, 2) Gu-rleh surfaue layers OXidJBOd ln-BitU or Upon Oj expo­

sure during removal nnd, 3) thinner oxide layers formed between the Cs oxide 

ovcrlaycr and the GaAs substrate. 

("-contaminated PC's were rare due to the clcaaltaess of both the PLEED 

and PEGGY systems. Ttr H<Mr«v of <lw C was unhewn but way be present on 

the cathode holder prior to Insertion and then migrates to tlw PC surface during 

operation. This effwi was best cbarartertonl at PEOGY, ta-sltu experiments, 

invulviiq: steering the loser spot across the P<" surface. Indicated that PC enile-

sitm wan occurring from palrbn* on the iwrlace. Typical performance was a 
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PC dlsidayfiw a lair IV.'H ratio (indicative of good KEA) twt al»u l»wr beam cur­

rent. Subsequent depth profile examination (Figure 1) KIMWK n high (' concentra­

tion at the Farfece. 

The second tjp* of failure occurred whan H PC was Inadvertently over­

heated (> 660* C) during a cleaning cycle prior to activation. Ity exceeding the 

congruent evaporation temperature of OaAs (T c 603* 11, An Is ,»refcrcnt(oIly 

evaporated, leading behind a thick Ci layer. OencraUy the damage « w vtalblc 

by optical Inspection as an alteration In the mirror surface or the PC The 

depth profile showed that the O concentration attended well Into the (wit* of the 

GaAs. These PC's could no longer be activated ln-nitu and were removed for 

chemical etching of tin' damaged layer. Figure 2 Hhuws the clear Hlrnllnrlticp 

between the Auger spectra of those PC's ind thermally grownOa^ liijifirtt. 

TTie most common type of In-silu PC friiluru occurred whun loo much n, 

was introduced Into the f s oxide Isiyor durlnft acllvnllon. The PC's showed low 

QE and poor tt'/It ratios. Jjt addition, the photuemlBBlon Increased with Incroasod 

cathode extraction bias,although patch emission was not aetucried, m In the C-

contamination case. Heat cleaning and re-activation did not Improve, and 

generally caused further degradation In, the Pt* quality. This indfentco that „ 

permanent change had recurred on the native OaAft surface, foropnrlcon of 

depth profiles for normal PC's and these (Figures 9,4) shows that a high O 

concentration extends beyond die Cs layer and Into the GnAs, The time evolu­

tion of the cathode bind effect observed Is shown In Figure 5. IB the presence 

of Illumination and applied bias, the onset of pbotoemisslon took place at lower 

and lower applied bias an time progressed. If either Illumination or Man wore 

removed, the point at which the next onset would occur shifted to higher bias. 
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*'« ascribe, therefore, this last type of VC failure to spacc-charge-Uniited 

lihutocflHsslMk through an oxide layer present between the CB oxide and the GaAs 

bulk. These Wla were ftdly recoverable only by chemical etching. 

CONCLUSION 

W* find that the primary causes of permanent cathode degradation are 

overheating during (he cleaning cycta and ewer-oxklaMqo during CB oxide acnV 

vaUen. Hoth of these may be avoided with proper care. 

our experience at SLAC shows that N£A GaAs la a dependable long-lived 

high current electron aourco. Typical electros polarization from this source is 

-10 t r/l„ close to the predicted theoretical value1 of 50"*. We are presently en-

KufcctJ th ft polnriiatton improvement program. This Involves producing source 

types with UaAu' present high current but with improved polarization. These 

include strosaetl-CnAs, MBE multilayer structures, and chalcopyrlte emitters. 

All promise or hnvo already shown higher polarization than NEA-GaAe; that one 

which wilt also show operational convenience wtlt be the polarteed-electron cath­

ode of the future. 
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FK50RE CAPTIONS 

1. Depth profile for C-contamlnated cathode. Apparently over ftlek layer of 

cs and o due to ion-knock effects and greater Auger electron escape depth 

than that for As and C&. 

2. AKS spectra for a) clean GaAs, b) thermally grown thick layer of QajQi 

and c) overheated PC. Energy shifts and shape changca in e) are consis­

tent with oxidized GaAS8. 

3. typical depth profile for undamaged PC4- Ion knock-on and escape depti) 

effects are apparent In Cfl and O line shapes. 

4. Depth profile for "thin oxide" Interface layer. Compare to Figure 3. 

Source of the maxima in the Cs and O lines Is unknown. 

5. Change in cathode extraction bias potential at a function of elapsed illumina­

tion tine for "thin oxide11 layers. 
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TAM.ti J- PC <Ver;it»oai^sU*jnt< 

Final Electron Energy 

Beam Current 

Catbodo Field 

Laser wavelength 

Laser Power Denitty 

Repetition Rate 

Spot Size 

PEGGY PLEED 
22 0<>V 10-aon ov 

> 1000 mA, \tuiik 1-»M A 

la kV/cm 2Z V era 

110 nm f>7-1. fi mil 

io kWVcm2 30 w / c m 2 

1. QJJ ace pulse, nc 
YiO llz 

. (i cm , 05 cm 
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