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We have studied the interference of dipole-alliowed de-
formation-potential Raman scattering and dipole—forbldden
Fr&hlich-induced agcattering by LO~phonona near tha E,+i, -gap
on the (TT3) face of MBE-Gais and onr the {(111) and (TTT)

faces of bulk Gaks at 100 K.

Abaglute valusas of the squared

Aaman tensor are displayed, A it of the reaonance profile
reveals that the purity of the ‘MBE-sample under Investigation
compares well with that of (00i) LPE-samplesa atudied previ-
cusly, The (111) and {T77) facea of Guks ahow oppoalte signs

in the interference,
tions,

Introduction

The interference of dipocle-allowed de-
forsation—-potential induced and dipole-forbid-
den Frihlich-intersction induced Raman acat-—
tering by LO-~phonons near the E,+s,~gap i3 a
well establiahed phenomenon in the JII-V com-
pounds, It has been observed on the {00t)
faces of high-purity liquid-phase epitaxial
(LPE) Gais® * and Al,Ga As,? of metal-or-
ganic vapeur depoaited {HSC?D) IaP," and of
bulk Czochralski grown GaAa® and Gasb®. Three
different acattering mechapisms for LO-phoncons
are cperative near the E,+A,-gap. The delorpa-
tion-potential scattering obeya usual dipole-
selection rules (dipole-allowed) and rescnates
only weakly near E +4,, since only thre=e-band
terme are cperative at the gap., The intrinsic
dipole-forbidden Raman scattering arises from
the §-dependence of the intraband matrix sle-
ments of the FrShlich intsraction. The third
mechanisa, alsc dipole-forbidden, invokes the
slastic scattering by lonized impuritiens, in
addition to the FrShlich slectron-phonon in-
teraction. For the third process the mopentum
conaervation is relazxed and LO-phonons of the
whola phonon branch can be activated. Both
dipele-forblidden scattering mechanisms reso-
nate at ail direct gapa. They are described by
disgonal Ramzn tensors and thelr eontributiona
cannct be Beparatsd in"a single expariment.
The §-dependent Fr&nlich forbidden Raman acai-
tering and the deforamation-potential mechanism
are, however, mutually coherant apd may intar-
fere, whersas the impurity-induced one i
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in accordance with symmetry conaldera-

inccherent with both. Therefore, a quantita-
tive analysis of the interference of Raman
acattering by LO-phonons §iv¢s information on
the purity of the sample.

Exgerinental

The epitaxial Gahs samples studled were
grown on a (T13) oriented semiinsulating sub-
atrate by molecular—beam eplitaxy. The ionized
{mpurity concentration ND—NA was determined
{roz Hall wobllity measurementa. At 77 K it
amounts to 2-10'* em™ " {u;, = H3IOOD cE*/Vs}.
The (111) and (117) oriented samples were
cbtajned form Cgochralski-grown semiinsulating
Gaks with Np=Ng, 5 10'* em™' 1in the following
way: the fngot was cut in the {1t1) plane and
two opposlte surfaces wers mschanically po~
lished, For the crystal axeasa notation we refer
to Ref. 2: the GCa-atpom 1s taken to be at the
orlgin and the As-atcm at the la,/4;(1,1,1)
site, We further dencte by y', z', x", and z"
the vectors 1/7/2 (1,7,0), /73 (1,77, 1//22
{3,3.,2), aneé v//11 {1,1,3), respectively. The
Raman tensor for dlipole-forbidden Raman scat-
tering by LO-phonons remalns diagoral in all
coordinate systams, The aquared Raman polari-
zabllity Taril' for lmpurity-induced scat-
tering by LO-phonona is given by Eq. (A1) of
Ref. 2. Equatlons (15} amd {16} of Refl. 2
d¢isplay the expreasions for the Raman polari-
zabllity ap of intrineie &- dependent scatter-—
ing as a function of wavevector § and of ex-
gltation energy $fw, . With the gonvention of
Ref. 2, Eq. {15) 1nc1udos in the Frdéhlich
constant Cy & sign which reverses for back-
scatiaring st opposite surface. We chose the
sign of ay a5 1n Relf. 2 {C. » 0). Then ap mu=tl
be replazed by -ap, when going from a (UE1J
face to a (007) face, from a (111) to a (177)
fece, or from & {113) face to & {TY3) face.
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For deforaaticon~ potential scattering by LO-
phonons the Raman tensar haa to ba wrltten aa
an appropriate linear combination of tha thrse
basls tansora referrsd to the arystallographle
axes. The result for backscattering at the
dlfferent Taces ussd here qan be sumparized as
follows (referred to ths qrystallographic
axesj:
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The expreasion of the Rapan polarizabllivy app
as a functlon of the parameters of the eriti-
cal polnts E -Eg+a,, E,-E,+*4,, and higher gapa
1 given by Eq. {(4) of Ref. U4, We measured 1n
four different packacattaring configurations
with polarization 8g}&, which correspond to
the following squared Raman tensors:

- on a (TT9) face
I. z“(y‘,y');' l—ts-%TT anp‘z'larilz' {5)

1r. an(am,xn it feapeiig ap |2+ ags | ()

- an a (117) face
ITI, z'(y'.y‘)%‘ |+:F-§§ aD?|2~|aF1|z. and {7)
~ on a (TT?) face
Iv. ;‘(y',y‘)z' t-ap-;j anpla+larilz. (8

It is worthwile to note that the aguared Raman
tenaor for backscatterling at a {113) fage with
& J8, are obtained from Eqs. (5} and {6) by
replacing ag by *ap.

Absolute squared Raman tenaors were de=
termined by the sample aubstitution method
using high purity allicon as a refersnce.® The
corrections for abscrptioen, reflectivity, and
refractive index of Gahs and Sl are the same
as described in Refs, 2 and 5. The aeasure-~
ments were performed at llguld nltrogen tem~-
perature with a ew dye laser operated with the
dye DCM {lLambda Physlk, cSttingen).

Results and Discusaion

Figure ! shows the results obtalned on &
(TT%) face of MEE-Caks in terms of saquared
Raman polarizabilities. The polnts represent
experimental data, whereas the lines are cal-
culated wWith ap, agy. and app a3 determined
from the interference curvaa of a {(001) LPE<
Gais sample at 100 K {gy;, = 100000 emi/vs,
Np=N, £ 10 en~").?

The ratic of intrinsiec and extrinsic
dipole~forpidden Raman scattering efflclencles
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- Fig. t: Sguared Haman pularizabllities ror

scatterin% by one LO-phcnon measured
on Gaks (773} with 8 ig. The iines

correapond to a it as ﬁescrlbtd in

the text.

Laglzf lagi 2 ampunts to 0.63. The agreement
f the curves with the experimental data on
MBF~GaAs la excellent, eapscially for the
solid line (constructive interference, confi—-
guration 1). Some discrepancies are seen at
the dashed line {destructive interferencs,
configuration 1I}, which aay be dus to a lar-
ger expurimental error pecauss of lower sgat-
tering efficliencles 1n thia configuration &nd
to some daviation from the ldeal (T¥1) oriaen-
taticn. A higher amount of ippurity-indused
dipogle-forblidden scattering would improve tha
agreement for the dashed l1ine, howaver, It
would worsen the it af the aclid line. We,
hence, suggest that the purlty ef the MBE-
samples atudied is slmilar to that of LPE-aam—
ples.

Figure 2 desplcts the reasult of caleula-
tion for a {113) face with the same parame-
ters as used for the curves of Fig. 1. Tha
resonance profliles from this face reveal 1ln-
terferences oppcslte to those for the (175
face. The measurements of LO-phonon inter-
ference effecta thus enables to distinguiah
easily between oppoalte faces 1ip a non—-de-
atructive way.

This fact 1ls demonatrated In Fig. 3 for
{411} faces of bulk semilnsulating Gaks. The
{111) fage behaves differsntly from the (TTTY
face over the spectral range under investiga-
tion. Alsd, differest slectrical behavior ia
expected for theae Lwo taces dus to different
surface states.’’® Undoubtediy, the inter=
ference pattern l# obscured by a broadening
and a iarge amgunt of impurity-induced Raman
agattering. The maxlmum resonant enhancement
of LO-pnonen scattering occura in both samples
at dlifferent energles, The Tesonance maximum
for the (T77) face is altuated near the gap
plus half of the LO-phonon energy
(E,+ae*fili g/2), as it 1 usually the case for
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Fig. 2: Calculated 1nterrérence curvyes for
backscattering at a (%13} Tace of Gaksa
with & f28g.

constructive interference. On the other hand,
the {$111) fagce reveals f{s maxzximum enhancement
near z.‘n.+hnLo. as expscted for outgoing
rescnance and destructive intarference,

In conclusion, we have demcnstrated that
the 1nterference of dipole-allowed and dipole-
forbidden scattering can be observed on dif-
ferent sample faces. The measurements conati-
tute & non-destructive method allowing to
distinguish the (1jk) face fream the {IJK) one
in peclar aemiconductors, in addition to dias-
tinguish the [1,1,0} direction from {1,T,0].
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Fig. 3: Squarsd Raman polarizabilitles for
acattering by one LO-phonon measured
on (111} and (TT7) faces of GaAs with
€ Jég. The lines are orawn as a guide
to the eye.
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