∗

∗

1 1 2 1 2 1

SLAC–PUB–7346

Octob er 1996

W ork supp orted by Department of Energy contract DE–AC03–76SF00515.

A P olarization Study of Strained GaAs Photo catho de

Structures

Abstract

Contribute d to the

Workshop on Polarize d Ele ctr on Sour c es and L ow Ener gy Polarimeters

12th Int. Sym. on High-Ener gy Spin Physics

NIKHEF, Amster dam, NL, Septemb er 6-7, 1996

G. Mulhollan , E. L. Garwin , R. Mair , T. Maruyama , R. Prep ost and H. T ang

(1) Stanford Linear Accelerator Center, Stanford, CA 94309, USA

(2) University of Wisconsin, Madison, WI 53706, USA

The prop erties of several typ es of strained GaAs and GaAsP photo catho des have

b een studied using x-ray diffraction and photo emission.

GaAsPx1-xΓGaAs(001)substrateΓGaAsbufferłayery=0› y = x

100 nm2.5 mm2.5 mm350 mm200 nmGaAs Py1-yGaAs Pz1-z

cm

z x

1 1 2 1 2 1

18 3

A P olarization Study of Strained GaAs Photo catho de

Structures

(1) Stanfor d Line ar A c c eler ator Center, Stanfor d, CA 94309, USA

(2) University of Wisc onsin, Madison, WI 53706, USA

The prop erties of several typ es of strained GaAs and GaAsP photo catho des

have b een studied using x-ray diffraction and photo emission.

Figure 1: Structure of single-strained layer

GaAs photo catho de in use at SLAC. All layers

are dop ed with Zn to 5x10 / . The currently

used catho de has = 0 and = 0.28.

G. Mulhollan , E. L. Garwin , R. Mair , T. Maruyama , R. Prep ost and H. T ang

ABSTRACT

The p olarized electron source at SLAC has p erformed extremely well during

recent years supplying electrons having a spin p olarization of 78% (85%) for high

(low) current op eration with b eam current limited primarily by exp erimen tal re-

quirements. However, there is ro om for improv ement in the electron p olarization.

The less-than-ideal p olarizations are

a result of b oth imp erfections and

dep olarizing mechanisms within the

photo catho de.

The structure of the photo cath-

o de used at SLAC in the p olarized

electron source is shown in Fig. 1.

It is a single-strained emitting layer

structure grown atop a GaAs sub-

strate. The layers are arranged so

as to: first create a smo oth layer for

later epitaxy

, gradually add P con-

tent into an initially pure GaAs layer

for high quality GaAsP layer growth,

form a well ordered GaAsP layer with

constant P fraction and finally to

strain the 100 nm emitting layer. The

in-plane compressive strain in the fi-

nal layer removes the heavy hole-light

hole degeneracy in the GaAs band

structure near the Γ p oint. Emission

from the heavy hole band alone has

an electron spin p olarization theoretical maxim um of 100%. All the photo catho des

discussed b elow have this same general structure.

Imp erfections, usually in the form of strain relieving dislo cations, contribute

to incomplete separation of the heavy and light hole bands. During growth, the

dislo cations can either propagate from the final strain inducing GaAsP layer or b e

2

80604020 polarization(%)

900800700wavelength(nm)

0.11

QE(%)

,M05-3757

,M05-3782

104103102101 signal(counts)

67.066.065.0angle(2Q)

104103102101M05-3782M05-3757

�

Figure 2: Photo emission data from GaAs

strained by GaAsP (M05-3757) and GaInP

(M05-3782).

Figure 3: (004) diffraction data (see Fig. 2).

generated in the strained GaAs emitting layer. It is desirable to fabricate as defect-

free as p ossible b oth the strain inducing layer and the strained layer. T o this end,

several different structures have b een tested for epitaxial quality

. A second typ e of

imp erfection can arise in the form of

comp ositional inhomogeneities of the

underlying structure. F or example,

errors in the P content will lead to

low strain and hence low p olariza-

tion. Substitution of a strain induc-

ing layer with a comp osition easier to

control than the GaAsP layers is a

p ossible remedy .

MOCVD grown GaInP has b etter

comp ositional uniformit y across large

( 3”) wafers than GaAsP

. Several

photo catho des with the structure of

Fig. 1 excepting the replacement of

the GaAsP layers with GaInP of the

appropriate stoichiometry were fabri-

cated to test the quality of GaInP as strain inducing layers[1]. A comparison of x-ray

and photo emission results from the b est of these catho des compared with the cur-

rently used material app ears in Figs. 2 and 3. While the final GaAs layer was

strained, the overall quality of the GaInP layers, which had P mixing problems at

the interface with the final GaAs layer due to the MOCVD chamb er chemistry

, was

morphologically inferior to the GaAsP leading to relaxed strain and low p olarization.

Another plausible source of dep o-

larizaton is photon recycling. In the

structure of Fig. 1, photons not ab-

sorb ed by the emitting layer (ab out

90% at the band gap) are absorb ed

in the GaAs substrate. The electrons

which are excited across the band

gap later decay back into the v alence

band by emitting photons. These

photons can have scrambled p olar-

ization and/or b e emitted off axis so

that they can contribute to the emis-

sion of unp olarized electrons. This

eventuality was tested by changing

the substrate up on which the struc-

ture was grown to GaP[2]. As most of this photo catho de is transparent to the

light corresp onding to the band gap of the emitting layer, dep olarizing effects due

to diffuse reflection at the catho de holder surface were removed by dep ositing an

3

0.11

QE(%)

850800750700650wavelength(nm)

706050403020 polarization(%)

,M05-3932

,M05-3934

0.400.360.320.28

QE(%)

3002001000angle(degrees) l=845nm

14

                                                              43

212

Figure 4: Photo emission data from bandgap

shifted GaAsP

. Note the v alue of the QE at the

p olarization maximum.

Figure 5: QE as a function of linear p olarization

azimuthal angle for 100 nm strained GaAs.

[1] Spire Corp oration, One Patriots Park, Bedford, MA 01730, USA.

[2] W. G. Bi and C. W. T u, J. V ac. Sci. T echnol. B , 2282 (1996).

[3] D. G. Fisher, et al., J. Appl. Phys. , 3815 (1972).

[4] R. Mair, et al., Physics Letters A , 231 (1996).

absorbing metal layer on the p olished back face of the GaP substrate. F or the

strain present in the samples, no improvem ent in p olarization was apparent from

the change in substrate.

It is well known that the QE can

b e improv ed by increasing the size

of the bandgap, for example in mov-

ing from GaAs to GaAsP (assum-

ing we stay b elow the direct to indi-

rect bandgap transition) or by co ol-

ing GaAs. The increase in QE is pri-

marily due to the increase in the sur-

face escap e probablility[3]. W e have

tested for this phenomenon in 100 nm

thick strained GaAsP

, the results of

which are shown in Fig. 4. Interest-

ingly

, the QE at the p eak p olariza-

tion is equal for b oth samples and has

the same v alue obtained for strained

GaAs (see Fig. 2). A p ossible explanation of the lack of any QE enhancement is

that the p eak p olarization is always at the same lo cation with resp ect to bandgap.

Past a critical thickness, epitax-

ially strained layers relax to the

bulk lattice spacing. Strain asymme-

try is caused by unequal relaxation

along nominally equiv alent crystal-

lographic directions. The asymme-

try makes electron emission sensi-

tive to the electric field direction of

light incident normal to the catho de

(see Fig. 5)[4]. Residual linear p o-

larization causes a current asymme-

try up on changing the helicity of the

light source. This effect was mea-

sured in materials of v arying strain

and tracks well with the wavelength

dep endence of the p olarization.

4