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We have studied the resonance of the first- 'and second-order Raman scattering by LO phonons in

Cd„Hg& „Te for x = 1 near the Eo+50 gap. We show that the effect of alloying is a shift and a
broadening of the resonances which can be compared with calculations of the compositional depen-

dence of the gaps. The mechanisms contributing to one-LO-phonon and two-LO-phonon scattering
are discussed and experimentally investigated. We give absolute values for the Raman efficiencies
and compare them with theory.

I. INTRODUCTION

In the last few years, a large number of publications
have been devoted to the physics of Cd~Hg~ ~Te substi-
tutional alloys, mainly stimulated by their technological
applications as infrared detectors. ' Optical studies on
Cd Hg& Te can be divided in two groups: those con-
cerned with the electronic structure such as absorption, re-
flection, and recently ellipsometry, and those which in-
vestigate lattice-dynamical properties, using infrared
and Raman ' techniques.

We report in this paper what to our knowledge is the
first investigation of resonance raman scattering (RRS) by
phonons in Cd Hg~ Te. RRS by phonons provides the
link between electronic and lattice-dynamical properties:
the energy dependence of the Raman efficiency and its ab-
solute value are determined by the electron-phonon in-
teraction and by parameters of the band structure, such as
gap energy, effective masses, and broadening.

RRS by LO phonons is particularly interesting because
both short- and long-range parts of the electron-phonon
interaction are present. The short-range part can be
represented by deformation potentials, " ' while the
long-range part, the Frohlich interaction, arises from the
electric field generated by LO phonons in polar semicon-
ductors. The deformation potential and the interband ma-
trix elements of the Frohlich interaction lead to a dipole
Raman tensor"' and to the standard selection rules f'or
dipole Raman scattering. However, Raman scattering by
LO phonons has been observed near electronic cntical
points in scattering configurations which are forbidden
according to the usual selection rules. ' This phenomenon
occurs for parallel scattered (es) and incident (eL) light
polarizations. For semiconductors at gaps higher than the
fundamental one, it has been demonstrated' ' that two
mechanisms are responsible for the violation of the dipole
selection rules. First, for scattering wave vectors not ex-
actly equal to zero there is a contribution to the Raman
tensor diagonal at three-dimensional critical points—
from the intraband matrix elements of the Frohlich in-

teraction. ' On the other hand, there is an irnpurity-
induced mechanism' in which the exciton (the virtual
electron-hole pair created by the light in the Raman pro-
cess) scatters twice, once with the electron-phonon in-

teraction and once with the electron-impurity interaction.
This process, of higher (fourth) order in perturbation
theory than the intrinsic intraband mechanism, can be of
comparable importance because phonons with larger q
vectors are created, enhancing the q-dependent effects of
the Frohlich interaction and producing double-resonance
effects. '

Second-order resonant Raman scattering by LO pho-
nons is mainly due to an iteration of the intraband
Frohlich interaction. The formal theory' is very simi-
lar to the impurity-induced one-phonon scattering, with a
second phonon interacting formally in the same way as
the impurity. Because the enhancement discussed above
for impurity-induced one-LO-phonon scattering also takes
place here, the contribution of impurity induced two-LO-
phonon scattering, which would be at least a fifth order
process, can be totally neglected. In other words, whereas
impurities affect dramatically the forbidden first-order
RRS by LO phonons (induced by the finite but rather
small scattering vector), scattering by two LO phonons is
only due to the intrinsic intraband Frohhch mechanism.

The different mechanisms leading to forbidden one-
and two-LO-phonon scattering suggest the importance of
comparing both resonances measured under the same con-
ditions. Furthermore, in the case of Cd„Hg& „Te with x
close to 1, like our three samples, the interesting question
arises as to what extent the Hg atoms play the role of im-
purities which induce forbidden LO-phonon scattering.
This problem is closely connected with the search for an
appropriate description of the band structure of
Cd„Hg& „Te. Different approaches have been used. ' In
the virtual-crystal approximation2' (VCA) one solves the
problem of an "effective" semiconductor with an average
potential for the cation sites. Disorder effects are not tak-
en into account: Within this approximation the only ef-
fect to be expected on the Raman spectra is a shift of the
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resonances as a function of x following the shift of the
electronic gaps. Part of the disorder effects are incor-
porated in the coherent-potential approximation (CPA).
In the presence of disorder, the electron wave vector k
ceases to be a good quantum number, and electron states
defined by k are broadened. The broadening of the gap g
determines the shape and intensity of the Raman efficien-
cies (for example, the intensities for impurity-induced
LO-phonon scattering or two-LO-phonon scattering are
roughly proportional to g ). Hence, in the CPA, the Ra-
man resonance should shift and change its shape and
strength as a function of x. Disorder effects beyond the
CPA could manifest themselves in the form of impurity-
induced forbidden LO-phonon scattering. This would
produce scattering efficiencies for one-LO-phonon scatter-
ing which depend explicitly on the concentration x.

We have chosen to work near the Ep+kp gap ( 2.5
eV), between the I 6 conduction band and the I 7 valence
band. This gap lies close to some discrete lines of the cw
Ar+ laser and can be scanned with commercial dye lasers.
On the other hand, the results can be compared with re-
cent studies of forbidden scattering near the Ep+kp gap
of GaAs. ' We concentrate our investigation on forbid-
den LO-phonon and two-LO-phonon scattering. The re-
sults are qualitatively in agreement with the CPA. No
correlation has been found between the Hg concentration
and the intensities for forbidden one-LO-phonon scatter-
ing beyond the predictions of the CPA theory.

II. EXPERIMENTAL

Samples were grown by R. Triboulet with the traveling
heater method. They are p type with a carrier concen-
tration of p —10' cm . Slabs of different compositions
(x =1, 0.966, and 0.944) oriented in the [110] direction
were polished with Syton and etched with a Br-methanol
solution. The samples were glued to the cold finger of an

N2 cryostat together with a silicon crystal which was used
as a scattering reference. The temperature for all mea-
surements was 100 K. The Eo+Ao gap of all three
Cd Hg1 Te samples are inside the lasing region of the
Coumarin 30 dye (Coherent, Inc). This dye was pumped
with all violet lines of a cw Kr+ laser. The laser beam
was focused with a cylindrical lens onto the samples. The
power density was kept below 10 W/cm . The detection
optics consisted of a Jarrel-Ash 1-m double monochroma-
tor equipped with holographic gratings and an RCA
31034 photomultiplier. Data were stored in a multichan-
nel analyzer and subsequently transferred to a computer.

We worked in a backscattering configuration at the
(110) face with both incident (eI ) and scattered (es) polar-
izations parallel to [112]. For this configuration one-LO-
phonon scattering is forbidden according to the dipole
selection rules. Hence, we can only observe the two mech-
anisms mentioned in Sec. I which lead to a violation of
the usual selection rules. Note that for this scattering
configuration it is not possible to observe the interference
effects reported in Refs. 14 and 15, because Raman
scattering by LO phonons is forbidden by the dipole selec-
tion rules for backscattering at [110].'

The scattering efficiency for LO phonons is defined as

as
2LO

2 3I ~s'9s
I
es &2'Lo el. I' [n «Lo)+1]'.

4c QLogL

Both Raman susceptibilities in Eqs. (1) and (2) are diago-
nal tensors for the process near the ED+60 gap discussed
in this paper: forbidden LO-phonon Raman scatter-
ing, ' ' and two-LO-phonon scattering by iteration of the
intraband Frohlich interaction. '

In Ref. 15 we have written our Raman efficiencies in

terms of the polarizability tensor R, whose independent
components ~ are related to the independent components
of X"by

II
XLQ—

1/2

U, M*
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where U, is the unit-cell volume and M' its reduced mass.
In this work, however, we shall give our results in terms
of the Raman efficiencies themselves, which are more
convenient in order to compare first- and second-order
scattering. The measured scattering rate outside the sam-

ple is related to the scattering efficiency by

Rs
BQ'

PL, Ts Tz

(al +as)nsficol

Here, PI is the incident power, Ts and T~ the power
transmission coefficients (T =1 r, where r is th—e reflec-
tivity), aL and as the absorption coefficients, and d 0 is
the solid angle for collection outside the crystal.

The curly bracket in Eq. (4) has to be used as a correc-
tion factor to obtain the Raman efficiencies in terms of
the measured scattering rates. We use the sample substi-
tution method, ' whereby we compare the scattering rates
of the Cd Hg1 „Te samples with a reference sample of
known Raman efficiency. We use silicon as a reference.
Near PAL ——2.5 eV, the Raman efficiency of Si can be ap-
proximated by"

(sr 'cm ')=3.1X10 /[%co(eV) —3.4]a

The absorption coefficients, reAectivity and refractive
indices for the Cd„Hg& Te samples were obtained from

dg 1 doLo
dO V dQ

3L~s'9s
I
es'&z.'o eL, I [&(&Lo)+1]

2c Qio&L,

where V is the scattering volume, QLQ the phonon fre-
quency, coL (cos) the incident (scattered) photon frequency,
nL and ns the corresponding indices of refraction, es and
eL the light polarization vectors (electric field), n(QLo)
the phonon occupation factor, c the speed of light in vac-
uum, and g " the volume-independent Raman susceptibili-

12,24

An analogous definition can be used for two-LO-
phonon (2LO) scattering:
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the ellipsometric data of Vina et al. , correcting for the
temperature shift. Absorption data for Si were taken
from Dash and Newman, and the refraction index and
reflectivity from Aspnes and Studna.
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III. RESULTS

A typical spectrum for Cd096{)Hg0034Te is shown in
Fig. 1 for the 5017-A line of the Ar+ laser. The enhanced
one- and two-LO-phonon peaks are much stronger than
any other observed structures ' which appear as a back-
ground near the EQ+ A0 resonance.

The scattering efficiencies for Cd„HgI „Te can be
determined from the known Raman efficiency of silicon
by using Eq. (4}. The ratio between the scattering rates
for Si and Cd„HgI „Te is obtained from the areas of the
respective Raman peaks.

The quantities (c)S/M)Lo and (c}S/c)Q)zLo are shown
in Figs. 2 and 3, respectively. Note that the resonances
shift to lower energy with decreasing x, as one would ex-
pect for a continuous transition from CdTe to HgTe.
There is also an increment of the broadening and a reduc-
tion of the efficiencies as a function of the Hg concentra-
tion. However, the two-LO-phonon and one-LO-phonon
spectra are not affected in the same way.

An important characteristic of the spectra is the rela-
tive shift of the one- and two-LO-phonon resonances for a
given sample. We show in Table I the quantity

ct = [fico,„(2LO)—fico,„(LO) ] /IIIQLo,

the difference between the maxima in both resonances di-
vided by the phonon frequencies. The reason why a is of
the order of one will be discussed in the next sections.

IV. THEORY
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FIG. 2. Experimental scattering efficiencies for first-order
Raman scattering by LO phonons in Cd„Hg~ „Te (forbidden
configuration}. Solid lines are fits assuming impurity-induced
scattering. The dashed line represents the LO phonon resonance
for the case of intrinsic forbidden LO phonon scattering. See
discussion in text.

er two scattering mechanisms: an "intrinsic" one, involv-
ing intraband matrix elements of the Frohlich interaction,
and an impurity-induced mechanism.

1. Intrinsic forbidden LO phonon sc-attering

The Raman susceptibility near ED+50 is a diagonal
tensor whose independent component, neglecting excitonic
effects, is given by'

A. Forbidden one-LO-phonon Raman scattering

The theory of forbidden one-LO-phonon scattering has
been reviewed in Ref. 12 and more recently in Ref. 15 for
the specific case of the Eo+60 gap of GaAs. We consid-
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FIG. 1. Raman spectrum of Cdo 966Hg0034Te. The laser
wavelength is kL, ——S017 A.
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FIG. 3. Experimental scattering efficiencies for second-order
Raman scattering by I.O phonons in Cd„Hg& „Te. Solid lines
are fits with an expression proportional to Eq. (7).
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1.00
0.966
0.944

1.04
0.89
1.04

where q is the wave vector of the created phonon, e and
m are the free-electron charge and mass,

]M '=m; '+m„', s. t ™,]/(m, +mt ), with m, (mt)
being the electron (hole) effective masses. CF is the
Frohlich constant CF [2n——e(1/e —1/eo)ftQLo]' . P
is the momentum matrix element (x Ip„ I

s) = iP, an—d
the function F(coL ) is given by

TABLE I. Energy separation between the resonant maxima

in two- and one-LO-phonon Raman scattering normalized to
the phonon energy, for three samples of Cd Hgl, Te.

a =[fico,„(2LO)
—fico „(LO)]/]r]QLO

Here the imaginary parts of the square roots are to be tak-
en as positive. Eg is the gap energy. The quantity
(aS/aQ)« IXL'oI peaks at fez E——+A'Q«/2, i.e.,
half way between the ingoing and outgoing resonances.

2. Impurity ind-uced forbidden I.O-phonon scattering

As discussed in Ref. 15, this process is of fourth order
in perturbation theory. The virtual electron-hole pair
created by the light is scattered by the electron-phonon
and by the electron-impurity interaction. We assume ion-
ized impurities with an interacting potential'
I (q) =4]re /eo(cI +gp), where q~ ——2/A, , A, being the
mean distance between impurities. The expression for
aLo [which can be written in terms of XL'o by using Eq.
(3)] is given in the Appendix to Ref. 15. The scattering
efficiency has a maximum for ftcoL =Es+f]Q«(outgoing
resonance), in contrast with the intrinsic case. This is due
to the fact that when the outgoing photon energy Acoz

equals the gap, the energy A'(cot —Qi o) lies in the continu-
um of excitations and hence a double resonance occurs.

F(coL )=
]./2

ftcoL —Es + i 'g

AQLo

1/2 3~s Eg+
~LO

S. Raman scattering by two I.O phonons

A number of calculations has been published, ' ' as-

suming that the dominant contribution is given by an
iteration of the intraband Frohlich interaction. Using our
definition of the Raman susceptibility, the result of
Zeyher can be written

1 1
I &2« I

'2 s e
4

'

2 4
2P 1 1

X4 (eQ«)' (a*)'

dx
X I

A(s, x, —s,x,x],x2,x3)+A(st, x, —st, x,x],xi,x3)
x

A (sgxys]ixyx] yx2)X3 ) A (stxfs ixyx e] /X')X3 )

t

Here the parameter a* is given by (a*)2=]]]i/(2p]]tQ«).
The function A is defined in Ref. 18. The maximum of
(aS/aQ), « takes place for fico~=Es+2fQ«. The
reason is also to be found in the double resonance men-
tioned above for the case of impurity-induced forbidden
scattering. We suspect that there is a mistake in Fig. 1 of
Ref. 16, showing the maximum at fico=Es+f]Q«. This
mistake has led Bechstedt and Haus to the erroneous
conclusion that excitonic effects are needed to explain res-
onances at ~J Eg+2160Lo We point out that some
puzzling instances in the literature concerning the position
of the resonance peaks for forbidden LO scattering and
for two-phonon scattering can be easily explained in the
manner just discussed.

V. COMPARISON WITH EXPERIMENT

A first indication that the forbidden one-LO-phonon
scattering is not due to the intrinsic mechanism but to the

impurity effect, can be obtained by comparing the values
of the separations between the resonance maxima (Table I)
with the theoretical predictions. According to Eq. (5), for
intrinsic forbidden one-LO-phonon scattering one expects
a maximum at ficoL E+sfQ ]/«2. ——The same theory
predicts the maximum at ftcot Eg+2fiQLo for two-L——O-

phonon scattering. This means that for intrinsic first-
order scattering, the parameter a should be a = 1.5. The
experimental value a = 1 suggests the dominance of
impurity-induced scattering: In this case, (c)S/c)Q)Lo
peaks near Eg+A'QLo. This would explain the value a = 1

obtained experimentally.
The gap position Eg and the corresponding broadening
are parameters of the calculation. A good theory

should be able to fit simultaneously the one- and two-
LO-phonon resonances using the same set of parameters.
Furthermore, g should give a good fit of the resonance
shape and be such that the theoretical absolute values for
the Raman efficiencies are comparable with experiment.
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A. Two-LO-phonon Raman scattering

As only one mechanism is involved in this process, it is
natural to begin with its discussion. We have fitted the
three curves in Fig. 3 with an expression proportional to
Eq. (7), using Ez and g as parameters. The fits are the
solid lines in Fig. 3. The obtained values of Ez (i.e.,
ED+60) are shown in Fig. 4. The broadening parameter
found from the fit is ri =6 meV for CdTe and g= 11 meV
for x=0.966, 0.944. See that the g parameter fits simul-
taneously the shape and the relative intensity of the two-
LO-phonon resonances: $0 scaling factor has been intro
duced between the three curues. Having determined Ez
and g, we can now estimate the absolute values of
(aS/aQ)~zo at the maximum of the resonance and com-
pare them with experiment. The value obtained for CdTe,
using the parameters of Table II, is
gS/aQ), „o=7.0X 10 sr 'cm '. The experimental
value from Fig. 3 is (BS/BQ)2Lo —4.3X10 ' sr 'cm
The qualitative agreement obtained can be considered as
satisfactory in view of the experimental error, uncertain-
ties in the parameters of the calculation, and the neglect
of excitonic enhancement in the theory. We have previ-
ously shown' that excitonic effects play only a small role
at ED+50 in GaAs. However, stronger effects are expect-
ed in the II-VI compounds where the lattice screening is
smaller and the masses larger.

B. One-LO-phonon Raman scattering

2.5l—

2.47—
C3

+

Lll
o 243

f I

CdxHQi-xTe

~ Experiment
CPA Theory

--- Linear Theory

2.39,

I

0.90 0.92
Hg Te

1 I I

0.94 096 0.98 1.00
CdTe

FIG. 4. Compositional dependence of the ED+60 gap in
Cd„Hg~ „Te: circles, Raman data; triangles, CPA theory. The
dashed line is a linear extrapolation, equivalent to VCA theory.

If we assume that the one-phonon scattering is due to
the intrinsic intraband Frohlich mechanism and attempt
to fit the one-LO-phonon resonance with the set of pa-
rameters IEz, gI determined from the two-LO-phonon
resonance using Eq. (7), we cannot obtain good agreement
with experiment. The curve for CdTe is shown as a
dashed line in Fig. 2. It is clear that neither the resonance
position nor the resonance shape (in particular the tail to
higher energies) are well reproduced by the theory. Furth-

TABLE II. CdTe parameters used to evaluate the theoretical
Raman efficiencies.

nlo ——173 cm
M = 1.088&& 10 m

a& ——6.481 A
q =8.37&&10 ' A

m, =0.11m'
mI, ——0.26m"
P~/m =12.52 eV'
qua =1.4

'D. T. F. Marple, Phys. Rev. 129, 2466 |,'1963).
"Fit to theoretical calculation of the band structure [H. Overhof,
Phys. Status Solidi 45, 315 (1971)]. The same value is obtained
from k.p theory: M. Cardona, J. Phys. Chem. Solids 24, 1543
(1963).
'M. Cardona, J. Phys. Chem. Solids 24, 1543 (1963).

ermore, replacing values in Eqs. (2) and (5), we obtain
(BS/BQ)„=l.1X10 sr 'cm ', which is much small-
er than the experimental value of (BS/M)Lo ——1.6X 10
sr ' cm

The discrepancy between theory and experiment is a
factor of 1400 whereas for the two-LO-phonon case the
discrepancy corresponded only to a factor of 6. Bearing
in mind that both calculations are based on the same
theory, the two-LO-phonon expression being just an itera-
tion of the Frohlich Hamiltonian, we must conjecture that
some mechanism associated with impurities gives the
dominant contribution to one-LO-phonon scattering.

We try to fit our one-LO-phonon resonances using the
theory for one-LO-phonon scattering induced by ionic im-
purities described in Sec. IV and in detail in Ref. 15. The
total impurity concentration is not known. We use
Xz +ND -10' cm, which may be a reasonable number
for a sample with p=10' cm . Possible charged impur-
ities in Cd„Hg~ „Te are listed in Ref. 1.

We recall that the electron-impurity interaction was as-
sumed to be of the type 4m.e /[eo(q +qF)] (see Sec. IV).
The parameter qF is taken to be 2/A, , where A, is the mean
distance between impurities. In the case of GaAs dis-
cussed in Ref. 15, the impurity concentration is so low
that q~ happens to be much smaller than those phonon
wave vectors which contribute significantly to the Raman
scattering. Hence the parameter qz does not play any role
in the position and absolute values of the resonance. In
the case of Cd„Hgt „Te, with the assumed total impurity
concentration of 10' cm, qz becomes comparable with
the relevant phonon wave vectors. The effect is a shift of
the resonance peak to higher energies closer to Ez+AQQQ
and a reduction of the absolute values.

The fits obtained using the IEz,gI values obtained
from the two-LO-phonon resonance are shown as solid
lines in Fig. 2. The improvement over the "intrinsic"
theory is apparent. The curves for the samples with
x=0.966, 0.944 have been multiplied by an additional
factor close to 2, which may mean that the impurity con-
centration should be slightly higher. For the absolute
values, we obtain in the case of CdTe, using the expression
given in Ref. 15, (BS/BQ)z o——8.4X 10 sr ' cm
which compares well with the experimental value
1.6& 10 sr ' cm

The fit to the one-LO-phonon resonances could be even
improved if one uses a somewhat larger broadening pa-
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rameter, which would not affect dramatically the quality
of the two-LO-phonon fit. However, we have preferred to
keep the values obtained from the best fit to the two-LO-
phonon resonance, because of the possibility of having
some contribution of allowed LO scattering away from
the resonance maximum, due to small misorientations of
the samples.

We indicated above that in order to fit the one-LO-
phonon resonances for the samples containing Hg, we
may assume a higher impurity concentration than in our
CdTe sample. There is, however, no evidence that these
impurities are related to the Hg content itself. In any
case, Hg does not play a dominant role as an impurity in
one-LO-phonon RRS since the scattering efficiency is also
mainly impurity induced in the pure CdTe case. Further-
more, comparing the two samples containing Hg, we see
that the sample with the highest Hg concentration has the
weakest one-LO-phonon resonance. We therefore con-
clude that there is no evidence of a correlation between
Hg content and RRS beyond the CPA approximation and
that the forbidden one-LO-phonon scattering is produced
by extrinsic impurities. The possible reason for this is
that a charged impurity produces a much larger perturba-
tion than the replacement of the Cd atom by an isoelect-
ronic Hg atom. This can be seen by comparing the huge
shifts produced by ionic impurities in the gap energies of
Si (Ref. 31) with the few milivolts shift produced in CdTe
by much higher concentrations of Hg.

C. Band-structure parameters

The set of parameters I Eg, riI obtained for each concen-
tration x can be compared with theoretical predictions.
In Fig. 4 we show the experimental values of the gap ener-
gy, together with the prediction of two theoretical ap-
proaches. Both theoretical curves have been obtained by
neglecting the x dependence of the spin-orbit parameter
Ap in the range x =0.94—1.00. The change of b,o be-
tween x=0.944 and 1.0 can be estimated to be less than 5
meV. The dashed line in Fig. 4 represents a linear inter-
polation of the gap between CdTe and HgTe. It should
nearly equal the VCA gap because this theory predicts
only a very small quadratic term in the composition
dependence of the gap. Triangles represent the CPA cal-
culation (Fig. 6 of Ref. 22) shifted so as to fit the mea-
sured Ep+Ap gap for CdTe. Figure 4 shows that our
points are closer to the CPA predictions than to the VCA
approximation.

The effect of disorder is neglected in the VCA approxi-
mation. Hence the broadening g depends only on the
electron-phonon interaction and the VCA predicts essen-
tially the same broadening for our three samples. Our
RRS results show however a larger g for the samples with
Hg: g= 11 meV for x=0.966, 0.944 and rl=6 meV for
CdTe. Possible differences between the two samples with

Hg content are within experimental error, which for
g= 1 1 meV is of the order of 3 meV. If we assume that
phonon and disorder broadening add, we are left with a
disorder broadening of 5 meV. This value is lower than
that obtained by extrapolating [as x (1—x)] the results of
Ref. 20 for Cdo 7Hgo 3Te. With this extrapolation we ob-
tain 9 and 15 meV for the disorder-induced broadening in
the x=0.966 and 0.944 samples, respectively. We should
stress, however, that an x (1—x) dependence of the
broadening is by no means obvious. This dependence is a
trivial consequence of second-order perturbation theory,
but within this scheme the broadening at the I point in
the conduction band should be zero, because there is no
density of states to decay into. The CPA theory, however,
predicts a broadening at I 6 which for Cd07Hgo 3Te is
comparable with the broadening at I 7. Hence, the I
point broadening cannot be described by second-order per-
turbation theory and the extrapolation made above could
be erroneous. Furthermore, the CPA calculation shows
that the Eo gap energy does not follow the x (1—x) law.

VI. CONCLUSIONS

We have presented RRS data for Cd„Hg& Te and
shown the importance of comparing one- and two-LO-
phonon resonances in order to analyze the different mech-
anisms involved in both processes. We have shown evi-
dence that first-order forbidden RRS by LO phonons is
induced by charged impurities, confirming the sugges-
tion' ' that the intrinsic intraband Frohlich mechanism
is only important for extremely pure samples. We show
that the Hg atoms in Cd Hg~ Te for x =1 do not act as
impurities which induce RRS by LO phonons, probably
due to the nonionic character of the perturbation.
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