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RAMAN TENSOR OF GERMANIUM AND ZINCBLENDE-TYPE SEMICONDUCTORS
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It is shownthat the one-phononRamantensorof germaniumand
zincblende-typematerialscan be calculatedfrom a model density of
statesconsistingonly of the E0 andthe E0 + A~paraboliccritical
points. The calculatedRamantensorsandtheir spectraldependence
arecomparedwith experimentalresults for GaP, GaAs, andZnSe
andwith a recentcalculation for Ge basedon the completeband
structure.

IT HAS beenrecentlyshown that a numberof displacementproducedby the optical phononhas
dielectric propertiesof the germaniumandzinc- the samesymmetry([~~in Ge, F15in zincblende)
blende-typesemiconductorscanbe interpretedon as a pureshearalong[ill]. Hencethe contri-
the basis of a very simple model density of butions to P of the E0, E0 + A0, E1 and E1 + A1
states. Among thesepropertiesare the piezo- componentsof our model density of statesare
optical constants

2’3and the first 4andsecond formally the sameas thosefound for the elasto-
order5electro-optic effects. The purposeof this tensor2, 3with the deformationpotentials d, d,
letter is to showthat the one-phononRaman and ~ replacedby the appropriatesplittings of
tensorand its dispersioncan also be obtained the correspondingbandsproducedby the sub-
from suchsimple model density of states. lattice displacement.We thus find for the contri-

bution to P, of the E
0, E0 + A~edges

2for

The model density of statesmentionedabove freiuencies below E
0:

consistsof a parabolic critical point at the
C~a~

energy of the lowest direct gap E0 with its spin- P(EO, ~ + A~)= ~— g(x0)
orbit mate E0 + A~,a pair of two-dimensional 32~~ (2)
minima E1 and E, + A1, and a strongone-dimen-
sional critical point at the so-calledisotropic + (4w0/A~)[f(x0) — (w0/w )3/2 f(x0)1
Penngap E2.

6 The Ramanscatteringcross
section dueto optical phononsis proportional to with:
the squareof the quantity:7

a~ g(x) = (1/x2) [2 -(1 x)~12_ (1- x)~’2]p = lim ~ 8), (1) f(x) = (l/x2) [2 -(1 + x)~2- (1 - x)~21 (3)

where 6 is relatedto the relative displacement x
0 = , x0,~

of the two sublattices ~/4 [1 + 5, 1 + 5, 1 + 5], = W~+

producedby the optical phonon,a0 is the lattice
c~oand C4io + A0 are the frequenciesof the E0constantand ~ 5) is the electric suscept- and E~+ A~gap, respectively.The parameterC~

ibility tensorfor the solid with the sublattice hasbeendefined in reference2. It can be either
displacementcorrespondingto 5. The sublattice calculated from ~ii~ and theeffective mass of the
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k = 0 conductionbandor obtainedfrom a fit of wascalculatedwith equation2 with C~’adjusted
the dispersionin the real part of the dielectric so as to fit the point at 2.7eV, E,~= 2.88eV and
constantbelow E0. The energy Sw, is the A0 = 0.082 ~ ~. We feel that the agreement

splitting of the top valencebandsproducedby betweenthe calculatedandthe measureddis-
the sublattice displacementgiven by 6. The persionof the scatteringcrosssectionis very
‘deformationpotential’ 6w/S canbe easily satisfactory, thus confirming the smallnessof

obtainedfrom calculationsin the literature
8‘~ the E

2 contribution conjecturedearlier.
of the deformationpotential d for severalvalues
of the internal strain parameter~. From refer- We havealso tried to explain in the same
ence9 we find 6w/S= 12.3eV for germanium. mannerthe dispersionin the scatteringcross

section observedfor ZnSe:’
5 We can only

A similar expressionis obtainedfor the accountfor one-halfof the dispersionmeasured
contribution of the E, and E, + A

1 edges. between2.38 and2.53eV. This can be attributed
According to references8 and9, however,the to the fact that exciton effects, not considered
correspondingdeformationpotentials arevery in equation(2) areratherstrongin ZnSe.
small N 1 eV I andhencethis contribution is
totally negligible below E0. It should,however,

becomeappreciablenear resonance(w = w, or
= w1 + A1) and it canbe usedto fit the reson-

anceobservednear E, for InAs’° andnear 300K

E,+A1 for InSb.
11 oL~

(9 ATOJ3OK

The contribution of thenearly isotropic Penn 20
gap6is more difficult to estimatebecauseof the ~~1
uncertainty in the location in k spaceof the
statescontributing to this gap: thesestates 10 A

occurat rathergenerallow-symmetry points of 7 6

k space. It was shownin reference3 that the ° 5
correctionand orderof magnitudeof the con- °

tribution of E
2 to the piezo-opticaltensoris -

obtainedby assumingthat it is producedby the 2

deformationof the isotropic Brillouin zone

associatedwith the stress.For instance,a ufli- I I I I I I

axial compressionproducesan extensionof the 2.2 2.3 2.4 2.5 2.6 2.7 2.8

Brillouin zonealong its direction andthus an eV
increasein the correspondingenergy gapfor FIG. 1. Dispersion in the Ramanscatteringcross
transitionspolarizedparallel to the stressdirec- section (after correction for absorptionand for
tion. On the basis of this argumentwe conjecture w

4law) measuredby Scott et al. The solid
that a sublatticedisplacementproducesno E

2 curve is the fit obtainedwith equation(2).
contribution to the Ramantensorsince it doesnot
changethe Brillouiri zone. This conjecturemeans, In order to checkthe numericalvalue of the
on the basis of the abovediscussion,that only Ramantensorpredictedby equation(2) we have
the E0, E0 + A0 contribution is responsiblefor comparedit with calculationsfor germanium,
the Ramantensorand its dispersionbelow E0, basedon the completepseudopotentialband
a resultwhich can be easily testedby comparison structureof this material, performedby Swanson
with experiments.We showin Fig. 1 the scatter- and Maradudin.

7Thesecalculationswere limited
ing crosssection of GaPbelow E

0, asmeasured to the first four terms in the power series
by Scott et al. 12 at room temperature.This cross expansionof P asa function of w

2:

section, in arbitrary units, hasbeencorrected
for absorptionand for the w4 factor and thus is P = P° + P111 W2+ p2 w4-+- P3 w6+ ... (4)
proportionalto P2. The solid line in this figure
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By expandingequation(2) in powerseries of w2 Maradudin7for germaniumarealso listed in
we find: Table 1. Reasonableagreementis obtainedfor

- P10’ and P111 but not for P12’ andespeciallyfor
P’° = $ ~0.75 + y~1 — (1 + Y)~’2fl P13~The reasonfor the disagreementis the fact

P1 = /3w~10.548+ 0.313y’[l —(1 + y17”2H that the spin-orbit interaction wasneglectedin

-11/2 (5) reference7: the large valuesof P~andP~areP’21 = ~w~~10.451+ 0.16y1[1 — (1 + y) U . -due in part to spin-orbit interaction at the E
0

P
3 = j3w~’!0.392+ 0.105‘y’[i — (1 + y)’512U gap. The sublatticedisplacementproducesa

large transferof oscillator strengthbetweenthe
where f3 and y aregiven by -

E
0 andthe E0 + A0 gapwhich is absentin refer-

C~Sw0a~ ence7. Also, the value of w0 in the bandsof

= 32n- ~0 ~ reference7 is 1.2eV 16 insteadof 0.8 eV; this
(6) fact also contributes(seeequation5) to the

A0 small valuesof P~
2 and p’3’ found in reference7.

17
JohnstonandKaminow havemeasuredthe

The valuesof ~

0Ii) calculated for germanium absolutevalue of the scatteringcross section
with equation(5) are listed in Table 1. We have for GaAs at i.06~.From their results we obtain
taken C~= 2.57, the experimentalvalue given in P ~ 70A. Taking Sai0/5 = 12.3, thesamevalue
reference2, 5w0/w0 = 12.3eV,

9 A
0 = 0.29eV, as for germanium,’

8we find from equation(2)
= 0.8eV (at room temperature)and a

0 = 5.62A. with the known parametersof GaP1s(A = 1.06~.t)

The values of P~calculatedby Swansonand = 68 A
2, in excellentagreementwith experiment.

Table 1. Calculatedcoefficientsof the expansionof the Rwnan tensor in power seriesof w2(seeequation4

p II p121 p131

(A2) (A2 — eV2) (A2 — e\r4) (A2 — eV~)

Our calculation 22 21 24 31

Reference7 40.5 17.5 5.4 1.6
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Der Raman-TensordesGermaniumsund der Materialien mit Zink-
blendestrukturwird ausder Modellzustandsdichteberechnet.Diese
Modellzustandsdichtebestehtnur ausden E0 und E0 + A0 para-
bolischenkritischen Punkten.Die berechnetenRaman-Tensoren,und
ihre spektraleAbhãngigkeit,werdennuit experimentellenErgebinssen
für GaP, GaAs,und ZnSe verglichen.Der Raman-Tensorberechnet
Germaniumwird mit Rechnungenausdervollständigen Baudstruktur
verglichen.


