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ABSTRALT

Thit peper <escribss recenl progiess on Lhe developmenl of high
polarigalron photecaihodes for polarized eleciron fources A ftramned
InGups cathoeds hue achwved 8 menmum aleciron-spia polafnization of
714 and hey demonsifeied ihe airam snhencems=ni of polsriestion for the
fersl feme Strained GoAr cathodes have yielded polarizstions a3 hign as
90% with muech higher quanivm wffiency

1. fatreduction

Polarited eleciron sources based oa negauve-elecivran-zffinay
Gahd wers poneersd 11 SLACY The origanal PEGCY 1I source produced
2110%! e~ per buntch 11 120 Er with an average spin polerigansn of 37
The man@uvm polacizetion aof 1hrs typs of source wry jmsled o 50T des (o
ihe walince-bend Segeneracy of 1he hesvy-hoels ond Lighi-hale bands of
Capay Much sfforl hai teen deavoled e scheving hegher polarizstion by
primardy focusing on the Toliowing thres ivpes of pholocathodes 1)
imrnesy chalcopyrites which naturejly heve the appropriale band
siructure, 2} GupAn-AlGaAs supsrinilicas and 37 miraned materiafs Thase
matérals S0 nol have & valenre band degeneracy ang felective srcraucn
of & tngle (ransilion i posnble Enclier elTocts al SLAC were devoled 1o

stuchies of 1he [Tl twe Lypes of phnluﬂ'lhoduz

When a thin laver of & grystal A 15 grown on @ dufferent crystal
E with a alighuy zmallee lati<e consiant crvstal A may grow
pirudomarphicalliy, wnireducing 2 biazuel compresesve skcam 1o ihe
plane of the iniegface The slran alters the band struciure of cryslal A
such that Lhe siran dependent ¢nergy ddTerence of Lhe hepvy-hole and
light-hel= bands relayve 1o Lhe ¢ondu<uon band 15 griven by

EQEHH « Ep - BBy - EEg
EGCLH = Ep ~ bEy - 5y - [5Eg 32.!2&0

*Work supporied 1o part by Department ef Enecgr Somiracrs
DE ACD3=-7HSFOOS51S (SLAC) and DE ACO2-TEERQOEE] LWy
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where Ey 13 Lhe direct band gap of folly relazed crynal A and Dy iz the
sptm orbit =sphittimg The gquaniiues HEH And dEs CEprEsEnt (he hydroslalic
shufL of the cemer of gravity of the Py, > mullplel and the hnesr splitung
of 1he P34"2 multiplel respeclively, and are given o ermy of the biwral
sttmn & parallel 1¢ the inlerface by

5B, & liCy P2 e

wherw the piramelery & and b ace the misrband hydrosuanc pretsure and
untaxial deformation polentials respectively, and the Cu rre ks elasic-
Hualness conItants Since the DIRTiAl Mrmn & 15 compreyapve lhe effect of
1he ST LF LD RCCeRfe 1ha band gaf endcgy And remove the degenaracy
Gl the heavy-hole apd hght-hole levels such Thay Lhe heavy-hole band
moves up o energy and Lthe bghl-hole band moves down relative Lo the
unsticaned case This energy splihng makes i poinble to prefereaunlly
cIcite the heavy-hole band By tutung the eICauon phoidoh enera¥ An
wlecirgn spin policifalosd of hgher than 50% o2 1hen 12 prdciple
poaatble for pholoexsiled clectronsd Lhe hedvv-hole hand ¢ condueinon
band transtion would result on 100% &letirom fpin polaciZhlish On iha
olher hand if an epitezal Jayer weoe geown on & cevilal wuth & larger
latice conalant & tenside Firein would deawelop 1m the plank of the
miecface LWimeg the hght-hole bapd fhughsr i s0drgy than s heavy-
hala band Selmciive sxcitaieon of the light hols band resuils 1o a
polaruziiwn of -100% opposite n sgn frem the 50% polarization oblsmed
when (he henvy-hale and Jighi-hole bands are degenerate

When a lailce-mismairned layer 13 grown oo @ svbstraie 1he miefin
bevwasn Lhe Jayery 14 decamodzied by ihe slavtic stramn o the epiiaxial
layer However, 33 wie spatakial jgyer eIceeds p orucp] Lhicknesy miali
dislocaliony are generafied =—hich begin 1o relieve Lhe s Alvhough ihe
1des of uning the mraned photocathodes for oneredsitg policiZaton has
been known sinck the labe 15703 0 was generallyv considered umpracticul
Jor the polerized wleciron scurcéd spplitaliaon Bechuts the orilicnml Lhigk-
neyy 10 typically 100A 3 However rocent eiperimenial stodics on Isttice-
midmalched layvers bhave revealed ihat mest of the laliece slrain s
preserved o Lhueknesses much beyond ihe critical Lhichness  and
figrulicani $iran relel can be obierved oaly abo.# 3 aseopnd eritmcal

thickness of abaat (0004 4

2 Sirarmed InGads grovs on Ga 159

The eleciron apin polarizalion was meéasuced for two Amples wih a
InGeAs layer wpilaziallv growmm on a G3As fabairare wath lalaas
thicknesses of O] pm and 114 pm The thin 3o ple b cIpetied 10 be
n.ghiv sirarpned while 1Re thick sample 35 celaved Figures Lidd and (b
show the measured eleciron spen polerizafen 3¢ @ [unchon of eacualion
photen ooy elengih for ibe 01 am itk and the B id4 pm 1k samples
respeclaively  kn the wachlengths regien |oager Jhan B30 am che

e 1L
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photoemirson from GeAdy diminshes sherply niace the ezciistion photon
energy 13 smaller Lhan the GaAs band gap. and the maor ConitboLen o
the photcamizpon can come only from the loGais laver The spin
polarizations of the 'wo pa@mpies show a pEnificeny differeace The
polarzalion of 1he D 10 pm-ihek stmple 1 obderved W0 ncrease sharphy at
sboul 923 nm orenching 715 o about 930 nm The shicp enhancement il
tboul 925 no corresponds 1o the wipecied gup eneryy betwean the Lght-
hole band snd the conduction band for the sample On the ather hand the
pofarizalion of the | 4 pgm-thick sample rémamy 2L 463 and daey nol
show sny enhancament

J. Strwped Cuds grown om InGads

It i1z well kaown that the #lectron-ipm polarizalion Incriaass when
Lhe phctosmyrnan quantvm  2fficiency decreaser [o parncular
polaciZalions higher than 50% have bwen cbterved [or posilive-aleciron:
alfimity suclaces It g3 jmportant to demonrirale ihal che polacizavon
enhancement observad for the Lthin InGaiy sample 19 indesd dye 3 the
crysial sirain 2nd nov due 1w 1 posilive-electcon-afhinity surfoce As
mEnlioned 10 he incoduction 2 tepsile stram o mm Lhe piape of the
inverface should produce 3 Ipan POLACLEALION SPBOEITE & L COmpresiIve
strain Yo lest wod predici,on @ thord sample was grown with A 01 pgm-
thick Gups Javer grown on & tuck InGaas [whieh 13 alio epitadaally grown
on a2 Geay subsirate}® 43 shown 1 Fig 1) whe polarranion decreased
from +30% changed 15 5gn and reached S56% This Behavior 1a wotallyv
consiatent wrlh 1the sxpecinteop from the sirme mduvesd effact
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Figure | Electron-spun polarzzation as 1 {unclen of cicpieiron
photon wavelengih for 2) 01 pm TnGaas B) 1 §4 um InCapas and
cl0 1l pm CaAs

4 Simned Gads groven on GadsFf

A systemalic riudy of sirun effecls on elsctron polacizalion hes
Deen made usfg samples wath Gaks epilaldily grown on a Caksy yPy
bulfer layer famples with varving spiieyial fayer thyckness and var.ing

buffer layer phatphoruyy concenlralian Wered uied U Sover & range of
siraing, and 1he electyon ipin polatizabon and queaniuos elficiency were
roeasured [of sach sample a n funaclion of eyotaton pholon energy

Table | summuarezes Lhe picametec: for 10e Five samples studied the
phospharue fraction (1) Lhe Gads eonaznl layer thicknsss the |ultice-
mismatch, the medzured sleain w3 1 per cent of full sirmn and the

critesl thickness

TABLE | Atramec Cajs samples

Sapmple i 2 3 5§ ]

I 021l Lk nz74 0244 02N
Gaas whichness lpml gl o135 g1 020 01
Laitice mismatch (3] (144 1] .1 191 083 0 45
Measured iwcan (%} Th [} .1 Bl 51
Crucal thickness (&) 133 110 92 Lig 113

Figure 2 shows Lh¢ ocadured £1eCTion Spin polariZation # &
functwen of sxctauon phowan waveleagth [or all the samples The
poierizatien of spzples |, 2 snd 3 ghowy » syslemalic shyft of Lha Jocalc.,
of 1he polariZalion snhincement lovard shocier wavelength Bf the
phorphorus Ireclion 12 increased This shaft s consistenl Sth Lhe
expeacied changa 1a Lthe anergy gap Eu": LH due to mcramsed straa The
MaFimum pﬂllrlﬂllﬂn | 1] thﬂ' phﬂtﬂﬂ Lp:L.ig %Y :urrﬂapundmt La ll'll 4P
energy Eu': FH ineresses from 423 to 303 ss whe phosphorus frachon i3

increased mesl fikely dur {0 8 more feledlive excilalion of lhe heeVy-hole
pand, since the heavy-hole hghti-hole sphlung increas=: [rom SO0me¥ o
ATmeV [or Lhera sampiléy

Alhough the buffer lavers (of samples 4 znd 5 have 1he aame
phatphocus fracuon az sample 2 the polacization of thess snmples shows w
systematicelly duferent behwvicr The polarization enhepcoement shotr
toward longer wavalength as the GaAs thickness 12 mcreased from
015 pm (32mple 2} 10 020 pm (1ample 43 and to 030 um [samp'= 5) For
sample 5 pholocmiziion 13 observed beyond Lhe cipetisd bind gap enecgy
ED': RH  This 13 2 strong andication thal ke factice 15 parially relezed aad
that the hedvy and Lghi-hofe Dand eneegles are merging lowards Lhe
vijurs #fpecied (or relared GaAs Howewer even Lhough Lhece 13
consaderable celazation of the stratn the @inmaum  polecizalen of both
samples rédches more \han 0% Simee the epulatial layer of wmple 3 s
sbout 30 Limes 1hicker than vhe equilibrivm codwal thockness this hogh
pol arization demopstrates a significenl peresience of latlige siram

Figure 3 rhows the meazured quanium efliqency ad 2 function of
arsilaiion photon wavelangth For all the zimples As erpecled, lhe
quepnlum eINciFacy Imerwddar WIN o ncreRning GRAI epitarisl laver
1hicknesy Howeswver (he gmin 18 quanium e[ficwncy wn Lthe high
poiarizatian regon 53 q[feet by & cammensuchie decrease In polarizaton
dus {0 1he nereased relnxation of the sampte sirain For the present



samples, the hughem quanivm efficiency thal corresponds (o a1 sl S03
poldrpmion i 0 1 3%, memycad for sumple 4
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Figure 2 ERciron-spia polarizalion Frgure 3 Quanium sflcancy &3
w3 a functon of wavelsogth for the o funetien of wavelenglh

dtrained CLAT apmpies
7. Conalvsions

The wifaci of srain op aleciron-spia polsfizafion heas been
ryrismaucally siudied with InGaAz and GaAs photocaihodes Polaclrauon
1 oexcenn of 704 wai objerved for 1he 0! mop-thitk sirkned [nOrAs
establilung ihe first obswrvatan of siramp snhancament of slecicon-spin
poleripauon for photoemilted eleciron: Felwrizauon a3 bigh a2 90% was
cbyervad for gleamed Saas and the highesl queaplem  efficency
corraaponding (o nt leart 801 polariestion wes 0 | 3%
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DISCLAIMER

This report was prepared as an acogunl of work sponsored by an ageocy of the United Simies
Gitnernmen?  Meither the United Stales Goveromenl nor any ageocy Wbersal, R any of the
eoployoes, makes any warmranty, cxpress or implied, or assumes aoy legal hathily or respoau-
bnlty for the soouracy, completoness, or usefuines of sny micnoatrn, apparsius, product, of
proceas dischosed, or represents that sts use wonld nol wfnoge prvately owaed rghts Reler-
cace herown W any specific commercia] product  procgss, or service by Irade name, Urademark,
maoulacturer, or otherwiss docs not recessanly constitule or imply s cndorsement, recom-
mendatipn, or favonng by e United Statss Gonrnment or any agency thereed The views
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