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Ellipsometric measurements of the dielectric constant of Cd,Hg;_,Te alloys were performed at
room temperature between 1.8 and 5.5 eV for samples covering the whole range of concentrations.
The dependence of the E;, E;+A;, and E, threshold energies on x was obtained: It is quadratic
for E, and E,+A; and linear within experimental error for E,. An upwards bowing is found for
the spin-orbit splitting A, as a function of x. The effect of alloying in broadening the observed
structures is relatively small. However, a large decrease of excitonic effects in the E; and E;+A,
gaps due to alloying has been observed. These results are discussed in the light of recent coherent-

potential-approximation calculations.

I. INTRODUCTION

Cd,Hg,_,Te substitutional pseudobinary alloys are a
mixture of a semimetal (HgTe) with a semiconductor
(CdTe), crystallizing in the zinc-blende structure. The lat-
tice parameters of the parent compounds are nearly the
same (Aa/a=0.003). The fundamental energy gap E,
varies with composition continuously from —0.3 eV (for
HgTe) to 1.6 eV (for CdTe)."? Considerable attention has
been devoted in the last years to these alloys due to their
applications as infrared detectors (for a recent recent re-
view, see Ref. 3). The study of the optical properties of
semiconducting alloys is very useful in analyzing band-
structure changes from one semiconductor to another.
The properties at energies greater than those of the funda-
mental gap E, are of interest since the structure in the op-
tical spectra can be assigned to direct electronic interband
transitions at specific regions of the Brillouin zone (BZ)
and therefore can be related to the band structure of the
semiconductor alloys.

The change in the fundamental gap of Cd,Hg;_,Te
with composition has been investigated mainly with opti-
cal methods such as absorption*~!! and reflection spec-
troscopy.'>~2° The latter technique, together with modu-
lation methods,?! ~2® has been employed to study higher
edges above the fundamental one. Ellipsometry measure-
ments have been performed on HgTe,??® CdTe,?®>?° and
Cd, 5oHgo 71 Te.?® Heterojunctions of HgTe/CdTe have
also been the object of investigations.’*~3? Band-structure
calculations are available for the parent compounds®*—3°
and the mixed crystals.**~* The main effect that alloy-
ing has on the fundamental gap is the quadratic depen-
dence of the energy thresholds on composition x; early ex-
perimental evidence of this dependence was found in the
alloys of the cuprous halides.”® The bowing can be
separated in two contributions:>! Intrinsic bowing due to
differences in the lattice constant between the various
compounds arises in the virtual-crystal approximation
mainly from the averaging and renormalization pro-
cedures of the two constituent potentials that account for
modification of screening and scaling with lattice con-
stant. This intrinsic effect is always found to be smaller
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than the experimental one, especially in the case of
Cd,Hg,_,Te and is expected to be small because of the
very small change in lattice parameter with x. Extrinsic
bowing—the difference between intrinsic and experimen-
tal bowing—is attributed to the effects of the random po-
tential due to disorder.

For higher gaps the magnitude and even the sign of the
bowing relative to the fundamental edge can change, as
has been suggested by Stroud.”? Lifetime broadening ef-
fects due to alloying are also present in higher gaps.*®
Another effect which is mainly disorder induced is the
nonlinear dependence of spin-orbit (SO) splitting on alloy
composition.’>%*

A discrepancy is found in the literature concerning the
effect of bromine-methanol etching on Cd,Hg,_,Te al-
loys. Electroreflectance (ER),? x-ray photoemission spec-
troscopy (XPS),” and Auger-electron spectroscopy
(AES)*® measurements show the presence of a damaged,
Te-rich layer after the etching treatment. Ellipsometry??
measurements for Cdg,oHgg 7, Te, however, indicate no
evidence of such a layer.

In this work we present an ellipsometric study at room
temperature of the Cd,Hg;_,Te alloys (0<x <1) in the
energy range from the near infrared (1.8 eV) to the near
ultraviolet (5.5 eV). The ellipsometric method has been
shown to be particularly suitable for the investigation of
interband transitions and the corresponding critical
points.’”%® We study the higher interband transitions la-
beled E|, E;+A;, and E,. The E| and E; + A, edges are
due to transitions along the A direction in the BZ, be-
tween the A4 s valence band the A¢ conduction band for
E, and between the A4 valence band and the Ag conduc-
tion band for the SO-split E;+A;._The E, transition
takes place in an extended region of k space close to the
X point combined with regions near the {110} and {100}
directions. The points (0.75,0.75,0), (0.14,0,0), and
(0.8,0.2,0.2) have been assigned® to the E, transition in
HgTe; the corresponding points in the case of CdTe are®
(0.7,0.7,0), (0.7,0,0), and (0.9,0.2,0.2). An accurate deter-
mination of the energy threshold ( E), broadening (T"), and
phase (¢) of the critical point (cp) is obtained through
analysis of numerical second derivative spectra of the
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complex dielectric constant with respect to the photon en-
ergy, d%/do’. The line-shape analysis of the ellip-
sometric data by fitting with analytical expressions the
derivative spectra avoids the arbitrariness of assigning the
peak position of reflectivity to the cp energy and the am-
biguities present in the interpretation of ER spectra due to
the complex prefactors that appear in the expression of
their line shape.”® A two-dimensional saddle point with
some admixture of a maximum was used to fit the E; and
E,+ A, cp and a one-dimensional maximum for E,. The
admixture of saddle point and maximum results from ex-
citonic interactions and is shown to reach its maximum in
the case of CdTe.

We found a quadratic dependence of the E; and
E|+A; cp on composition x with the bowing parameters
c¢(E{)=0.7%0.1, ¢(E{+A;)=0.6+0.1, and, within the
experimental accuracy, a linear dependence of E,; the
bowing parameter extracted from the fit was in this case
¢(E,;)=0.06+0.08. An increase of the Lorentzian
broadening parameter of the alloys with respect to the
parent compounds was observed for E; and E;+A,,
reaching its maximum at a concentration of about
x=0.8. However, we found a decrease of I" for the E,
structure of the alloys with a minimum at a concentration
x ~0.7. Owing to the relatively complicated dependence
of ¢ on x we did not attempt to fit it to any analytical ex-
pression.

The paper is organized as follows: experimental details
are described in Sec. II. The results are presented in Sec.
III and discussed in Sec. IV.

II. EXPERIMENTAL

Ten Cd,Hg,_,Te crystals with composition between
x=0 and 1 were used to prepare samples. The crystals
were grown in tellurium solvent from earlier synthetized
CdTe and HgTe with a special traveling heater crystalli-
zation method.®® The homogeneity of the samples was
controlled by x-ray microprobe analysis®! and by ellip-
sometric measurements at different positions across the
surface. The surfaces to be measured were mechanically
polished with Syton, followed by a chemomechanical pol-
ishing with a bromine-methanol solution.

Room-temperature pseudodielectric functions e(w)
=¢€(w)+i€y(w) were obtained with an automatic rotatmg
analyzer ellipsometer of the type developed by Aspnes®
and described elsewhere.”® The samples were mounted
and optically aligned with a He-Ne laser in a windowless
cell in flowing dry N, to minimize surface contamination.
They were etched in situ prior to measurement with dif-
ferent bromine-methanol solutions®® and stripped with
methanol and distilled water; real-time ellipsometric mea-
surements at the energy of the E, peak were taken simul-
taneously. The treatment was repeated using the criteri-
um of obtaining the largest value of €, at this photon ener-
gy.8 This situation should represent the most abrupt
mismatch of optical constants between bulk and ambient
and allow us to use the two-phase model® to obtain e.
The best results were obtained with a 0.01 vol. % bromine
in methanol mixture. The spectra were measured immedi-
ately after etching in a cell flushed with dry nitrogen at an
angle of incidence of 67.5°.
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III. RESULTS

In Fig. 1 we show the optical constants of a
Cdg ,9Hgg 7:Te sample obtained in the present work (solid
curves) together with measurements of a sample with
equal nominal composition obtained from Ref. 28
(dotted-dashed lines). The main discrepancy, 0.5 units in
€, at E,, is due, we believe, to the different etching pro-
cedures used; we did not employ the HNO;:H,O and
HC1:H,0 mixtures to avoid possible formation of a Te-
rich layer.2® The difference of 0.5 is just the same found
in Fig. 5a of Ref. 28 before using the HC1:H,O solution.
The energy positions of the peaks are seen to be in good
agreement The presence of a damaged surface layer
depleted in Te as large as 600 A %6 due to the bromine-
methanol treatment, would result in a much larger
discrepancy in the €, values at E, compared with that of
Ref. 28 (~4.6 eV for Cdy,9Hgj 71 Te) and in an increase
in the broadening parameters.?® In Ref. 26, after one
anodization step, a broadening parameter for the E; tran-
sition ~200 meV is reported; this decreases to a value
~ 150 meV after three steps; our values for the broaden-
ing of E; are for all compositions below 150 meV (see
Fig. 7) indicating that such a damage did not happen after
the chemical processing. Our results confirm the fact
found in Ref. 28 that no evidence for such a layer is seen
with ellipsometry.

The real and imaginary part of the pseudodielectric
constant (€) for HgTe, CdTe, and five selected composi-
tions (x=0.2, 0.43, 0.76, 0.86, and 0.91) are shown in
Figs. 2 and 3, respectively. A two-phase model® in which
the surface is treated as a simple plane boundary between
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FIG. 1. Solid curves: real (€;) and imaginary (€,) part of the
pseudodielectric constant of Cdg 0Hgo 7, Te at room tempera-
ture. Dotted-dashed curves: real and imaginary part of a sam-
ple of equal nominal composition taken from Ref. 28.
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FIG. 2. Real part (€;) of the pseudodielectric constant of
e, HgTe; - - - -, CdoyoHgo soTe; -—-, Cdo43Hgo s7Te; ——,
Cdo.7¢Hgo2aTe; +—— =~ , CdogeHgoaTe; — — —,
Cdy.91Hgo.09Te, and , CdTe (room temperature).
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FIG. 3. Imaginary part (€;) of the pseudodielectric constant
of HgTe, CdTe, and Cd,Hg;_,Te with x=0.20, 0.43, 0.76,
0.86, and 0.91 (room temperature). The symbols are the same as
in Fig. 2.

VINA, UMBACH, CARDONA, AND VODOPYANOV 29

two homogeneous media was used to obtain these spectra
from the measured complex reflectance ratios. The opti-
cal activity® of the quartz Rochon prisms was also taken
into account in the treatment of the data. The most im-
portant fact in these figures is the shift of the three main
peaks (E;, E;+A;, and E,) to higher energies with in-
creasing composition x. A small shoulder corresponding
to the Eq+Ag cp at ~2.5 eV is also seen in the case of
CdTe. A decrease of the magnitude of €, at the E; peak
happens until concentrations of ~0.7, then this feature
begins smoothly to increase until it reaches the corre-
sponding value of CdTe. The same behavior is observed
for €, at the E| and E |+ A structures. The excitonic ef-
fect near the E, and E;+ A, cp is also seen in these fig-
ures, especially in the case of CdTe:% the peaks in ¢, are
clearly asymmetric and drop more sharply on the high-
energy side. The asymmetry of the spectra for composi-
tions x < 0.9 resemble that observed for HgTe.

To enhance the structure present in the spectra and ob-
tain the cp parameters we calculate numerically the
second derivative spectra, d2e/dw?, of the complex dielec-
tric function from our ellipsometric data. Tabulated coef-
ficients taken from the literature®’ were used to compute
the derivatives; an appropriate level of smoothing was also
chosen in order to suppress the noise in the derivative
spectra without distorting the line shape. Typical results
for d?%,/dw?* and d’*€,/dw® of the E; and E, + A, transi-
tions are shown in Fig. 4 for CdTe (dashed lines), HgTe
(solid lines), and Cdy 43Hgg 57Te (dotted-dashed lines, the
spectra of HgTe and Cd, 43Hg, 5;Te are enlarged by fac-
tors of 1.5 and 4, respectively). The derivative spectra
were fitted assuming a two-dimensional saddle point for
the E, and E;+A, singularities and a one-dimensional
maximum for the E, cp. A least-squares procedure using
the Marquardt method®® was used for the fit, with both
the real and the imaginary parts of d%e/dw? fitted simul-
taneously. Excitonic effects were also taken into account
in a standard way by allowing a mixture of two cp.” 7
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FIG. 4. Second derivatives with respect to the photon energy
of the real (d%,/dw?) and imaginary (d%€,/dw?) part of the
pseudodielectric function of , HgTe; —-—, Cdg.43Hgo s7Te,
and — — —, CdTe. The derivative spectra of HgTe and
Cdo 43Hgo 57Te are enlarged by factors of 1.5 and 4, respectively.
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Hence a two-dimensional saddle point and a maximum,
which was found to give the best fit, were used for the E,
and E;+A,; data, and both singularities were fitted simul-
taneously. The mixture of contiguous two-dimensional cp
can be represented by>>%%7°

e~A—iln(wg—w—iT)e'p , (1)

where the angle represents the amount of mixture. We
present in Fig. 5 the values of ¢ versus composition x ob-
tained from our fits for E; (dots) and E +A, (triangles).
Four parameters were used for each E; and E;+A; cp
(amplitude, energy, Lorentzian broadening, and phase)
and only the first three for E,. The large phase angles are
consistent with one-electron calculations of €, in zinc-
blende materials which underestimate strength of E; and
E|+A, structures and with ER measurements in Ge.”!

Figure 6 shows the energy position of the E,;, E; +A,,
E, and A, (obtained by subtraction of E, from E;+A,)
as a function of x. The E, structure corresponds to tran-
sitions from the A4 s valence band to the A¢ conduction
band, E;+A; (black dots) to transitions from the Ag
valence band to the A4 conduction band, and E, to transi-
tions in an extended region of the BZ.>* The open circles
are data taken from ER measurements by Moritani
et al.* and are included for comparison. The results
show a quadratic dependence of the gaps on concentration
as in many other semiconducting mixed crys-
tals.’%3457.72=77 The solid lines correspond * he best fit
of our data to the expression,

E(x)=a+bx+cx?. 2)

The values of a, b, and ¢ for the three structures, as well
as the SO splitting, are listed in Table I with the corre-
sponding uncertainties representing 90% reliability. In
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FIG. 5. Dependence on composition (x) of the excitonic pa-
rameter ¢, defined in Eq. (1) for the E, (dots) and E;+ A, (tri-
angles) critical points. The solid line is displayed as a guide to
the eye.
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FIG. 6. Dependence on composition of critical-point energies
and spin-orbit splitting of Cd,Hg,_,Te. Black triangles: E,
critical point. Black dots: E;+A, critical point. Squares: E,
critical point. Open triangles: spin-orbit splitting (A;). The
open circles are electroreflectance data taken from Ref. 24.
Solid lines represent the best fits of our data to a quadratic func-
tion [E(x)=a +bx +cx?].

this table the values of the parameters obtained from re-
flection!”! and ER measurements?* are also presented. A
negative value for the bowing parameter (c = —0.079) of
the SO splitting (A;) in Cd,Hg;_,Te is also found in III-
V (Refs. 54, 75, 76, and 78—80) and quaternary®’’7-81—83
alloys.

The Lorentzian broadening parameters I' for the E,
(triangles), E;+A; (squares), and E, (dots) cp are
displayed in Fig. 7. Lines are drawn through the experi-
mental points only to visualize the dependence on concen-
tration. The three structures are seen to be broader in
HgTe than in CdTe by a factor 1.15 for E;, 1.3 for
E,+A,, and 1.6 for E,. The broadening of the E,+A,
cp is also always larger than that of the E; structure, this
happens also in the case of Ge,”! (Ga, _,Al,)g 47Ing 53As,%
and In;_,Ga,As,P;_,.>" Our value of I'=65 meV for
E, in CdTe (at room temperature) is in good agreement
with thermoreflectance measurements of CdTe (Ref. 84)
where I'=49.3 meV (at 203 K) and I'=88.4 meV (at 324
K) are found by fitting the spectra with derivatives of an
asymmetric Lorentzian line. An asymmetric composition
dependence of the broadening is found; it peaks at a com-
position between x=0.7 and 0.3. Reflection measure-
ments® of excitonic structures close to the fundamental
gap in CdS;_,Te,, CdS,_,Se,, and Zn,Cd,_,S also
show an asymmetric x dependence for the broadening of
the exciton line. Our results give an increase of I for E,
and E;+A; in the mixed crystals with respect to the
parent compounds; however, a decrease in the broadening
for the alloys in comparison with HgTe and CdTe is seen
for the E, structure.
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TABLE 1. Values of the parameters a, b, and c¢ obtained by fitting the critical-point energy (E) vs
composition (x) to the equation, E =a +bx +cx?2. All values correspond to room temperature.

Critical point a (eV) b (eV) c (eV)
E, 2.147+0.005% 0.44+0.02% 0.7+0.1°
2.11° 0.31° 0.87°
2.15° 0.35° 0.86°
2.0684 1.42¢ —3.54
E\+A; 2.778+0.005* 0.47+0.02% 0.6+0.1?
2.74° 0.55° 0.6°
2.73¢ 0.64° 0.48°
A 0.631£0.001* 0.031£0.02* —0.079+0.001*
E, 4.468+0.003* 0.66+0.01* —0.06+0.08*
2This work.

YReference 19.

“Data from Ref. 24 and fitted in Ref. 17.
dReference 17 only in the region 0 <x <0.16.
“Reference 17.

IV. DISCUSSION

The agreement between the critical-point energies for
the E| transitions found in this work and in ER measure-
ments®* is found to be good. However, the cp energies of
E{+A, (and therefore A;) and E, from Ref. 24 are some-
what larger than the present results, especially in the case
of E,. No attempt to analyze the line shape was made in
Ref. 24, the photon energies of the dominant peaks in the
ER spectra were taken as the cp energy. Our complete
line-shape analysis of the derivative spectra allows us to
obtain precisely the cp energies, the only uncertainty being
the assignment of the type of cp. The effect of the
broadening is to move the peak positions away from the
true critical-point energies, the discrepancies being larger

400_ I" T T T T T T T T T T ]
300 \ .
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100 M, \ -

FIG. 7. Dependence of critical-point broadening parameters
on composition. Triangles: broadening parameter (I') for the
E| transition. Squares: I'" corresponding to E;+A;. Dots: T
for the E, singularity. Lines are only displayed as a guide to
the eye.

(e.g., E,, see Fig. 6) in the case of structures with larger
broadening parameters. Therefore, the practice of associ-
ating cp energies with peaks in €,, reflection or modula-
tion spectra can lead to substantial errors and should be
avoided. We shall mention the existence of a method re-
cently developed by Aspnes®® to investigate critical points
by means of Fourier analysis. This method gives very
precisely cp parameters without using numerical deriva-
tive procedures which may, in some cases, distort the line
shape of the structures. We plan to use it in future work.

The simplest approximation to the band structure of al-
loys is the virtual crystal approximation (VCA). In it the
alloy potential is replaced by the average potential with
the lattice periodicity. If the lattice constants of the two
components are very close, as is the case for
Cd,Hg;_,Te, the various VCA pseudopotential form fac-
tors (or other potential parameters) are linear in x.
Differences in the lattice constants introduce nonlineari-
ties in Vg versus x which should be negligible in our case.
In spite of the linear dependence of the potential ¥, (T) on
x, nonlinearities in the x dependence of the energy gaps
can result when the complete Hamiltonian is solved.
From the point of view of perturbation theory the sim-
plest nonlinearities arise from the coupling of states of the
same symmetry (at the same K) by the perturbing poten-
tial ¥, —V,. The lower the symmetry of the BZ point,
the more states of the same symmetry exist. Hence, fol-
lowing this argument, one would expect a smaller quadra-
tic dependence for the E, gap (at I') with x than for the
E| gap (A direction). We have performed a VCA pseudo-
potential calculation of the E, and the E; gaps of
Hg,_,Cd,Te versus x with the pseudopotentials of Chadi
and Cohen.*® For the E; we have taken an average of k
points between K =(0.3077/a)(111) and the L point. This
calculation yields for the bowing parameters C of the E,
and E, gaps,

C(E()=0.06+0.01 eV; C(E;)=0.28+0.02 eV .
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These results confirm our conjecture: the bowing parame-
ter C(E,) of the E, gap at the I point is negligible while
that of the E; gap at the lower symmetry A line is quite
important. It amounts to nearly half of the measured
value. The intermediate state most likely to be responsible
for the VCA bowing of the E; and E;+A; gaps is the
second lowest A; conduction-band state interacting with
the lowest A conduction band.

Besides the VCA bowing just described there exists a
bowing due to the effect of the potential fluctuations
around the VCA average potential. This bowing is au-
tomatically included in the coherent-potential approxima-
tion (CPA) calculations of Ref. 48 which yield a total
C=~0.71, in agreement with the experimental results (we
note, however, that these calculations were performed
only for the gap at the L point). In view of the discussion
above we conclude that approximately half of the ob-
served C has its origin in the virtual crystal potential
while the other half is due to potential fluctuations.

Our conclusions about the near linearity of Ey(x) agree
with those of Refs. 43 and 40. However, they disagree
with Podgérny and Czyzyk* who find C(E,)=0.97 eV
with a tight-binding calculation in the VCA. Also, the
dielectric method of Van Vechten and Bergstresser’*>!
gives nearly the same C for E as for E;, a fact which is
not surprising since within this model all gaps have the
same behavior as the average dielectric gap.?’

It has been pointed out® that the potential fluctuations
may lead to an upwards bowing (C <0) for the highest
critical points such as E,. This value of C(E,) found in
the present work [C(E,)= —0.06(8) eV] is indeed slightly
negative although it could be zero within the experi-
mental error. A linear dependence of the E, gap on com-
position has also been found for GaAs,P;_,,"?
In;_,Ga,As,P; %" and CdS;_,Se,.*® Although we
have fitted the x dependence of the E; and the E;+A,
gaps with the quadratic dependence of Eq. (2), a closer ex-
amination reveals that there are systematic deviations
from this fit. In Fig. 8 we have plotted the difference d
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FIG. 8. Dependence on composition of the difference (d) be-
tween the experimental energy threshold values for the E;+ A,
singularity and the values obtained by linear interpolation be-
tween HgTe and CdTe. The dashed line represents the parabol-
ic result [cx(1—x)] with ¢ obtained by fitting E;(x)+A,(x) to
Eq. (2). The solid line is displayed as a guide to the eye.
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between the observed E;(x) gaps and the linear interpola-
tion between the E; gaps of CdTe and HgTe. If Eq. (2) is
valid, d(x) should be represented by the parabola
Cx(1—x), symmetric with respect to x=0.5. Figure 8
shows that this is not the case, the gap is reduced by the
disorder much more effectively in the CdTe-rich than in
the HgTe-rich side. A similar, although smaller asym-
metry has also been found for the E; gap of InAs,Sb;_,
(Ref. 78) and in a recent pseudopotential calculation*’ of
the E, gap of Cd,Hg;_,Te (in this case it is easy to ex-
plain it is due to the band crossing).

We cannot give a convincing explanation of the asym-
metry of the experimental curve in Fig. 8. We note, how-
ever, that the phase angle of Fig. 5, qualitatively represen-
tative of excitonic effects, also shows an asymmetric
behavior with a minimum near the maximum of Fig. 8.
Similarly, the broadening parameters of Fig. 7 also show
asymmetric dependence on x. The asymmetry present in
the broadenings of E; and E;+A, versus x (Fig. 7) can
be explained qualitatively on the basis of the CPA calcula-
tions shown in Fig. 2 of Ref. 48. This figure shows that
the conduction band along A is broadened about 3 times
more efficiently by the disorder on the CdTe than on the
HgTe side of the composition range, a fact which suffices
to account for the asymmetric dependence of Ig, and

g +a, shown in Fig. 7. However, we have not been able

to visualize the physical reason for this asymmetric
dependence. One possibility is the fact that in the CdTe-
rich end the final state for the E, transitions falls in an
energy region where HgTe also has a large density of
states. The opposite is true for the HgTe-rich end (see
Fig. 3 of Ref. 48). A more detailed analysis of the calcu-
lations of Ref. 48 is necessary in order to clarify this
point.

More surprising than the asymmetric behavior just dis-
cussed is the fact that the broadening parameter of the E,
gap I'g, exhibits a minimum for x~0.6 (Fig. 7), a con-

centration close to that for which g and T'g 45 have

maxima. We believe that these two facts (minimum in
I'g, and maxima in T'g ,I" E,+4,) may be unrelated events.

The E, transitions encompass a large region of k space
including probably several critical points. If two or more
of these critical points would cross in energy as a function
of x the total effective width of the E, transitions, as ob-
tained with a fit to a single critical point, may exhibit a
minimum as a function of x. Detailed calculations of the
optical combined density of states in the VCA for several
values of x would be required to test this conjecture.
Owing to the strong dependence of the E, peak on sur-
face characteristics,® it could be argued that the broaden-
ing of the E, singularity is, to some extent, determined by
different characteristics of the surface with changing
composition. Actually I" is expected to be larger the
worse the sample surface is. It is known!>® that the dif-
ficulty in preparation of homogeneous Cd, Hg;_,Te crys-
tals increases with the amount of Cd; therefore, such sur-
face effects would give a larger in the Cd-rich side, just
the opposite of the experimental results. In ER measure-
ments of Si-Ge alloys,” for which a line-shape analysis of
the E, transition has been reported, an increase of I" from



6758

the pure materials towards the center of the compositional
range is found.

The E; and E;+ A, transitions of tetrahedral semicon-
ductors are known to be strongly affected by excitonic ef-
fects, i.e., electron-hole Coulomb interaction. Theoretical
calculations of the effect of exciton interaction on the op-
tical constants have been performed for diamond,”! sil-
icon,”®% and GaP.** This work has been reviewed in Ref.
95. These effects have also been investigated in Refs. 22,
29, 58, 59, 66, 69, 71, 84, and 96—104. A sharp drop-off
of €,(w) above E; and also above E;+A, is the most
characteristic result of these effects. It has been described
as the interference of a discrete two-dimensional exciton
with a quasicontinuous background.” A simple qualita-
tive description of these effects can be effected by multi-
plying the one-electron dielectric constant by a phase fac-
tor e‘¢. We have left as an adjustable parameter in our
fitting procedure.

An interesting feature of the fitted dependence is its ra-
pid decrease for x <1 (Fig. 5). The angle ¢, as chosen by
us, represents the amount of two-dimensional maximum
added to a two-dimensional saddle point for the fit of the
measured line shapes. Actually, the calculated critical
point in the absence of exciton correlation should be a
two-dimensional minimum (¢=—90°). Hence, we con-
clude from Fig. 5 that exciton effects are present for all x,
becoming very strong near x~1. A decrease in exciton
interaction would be expected as x decreases because of
the increasing metalization of the compounds (increased
screening). This consideration, however, cannot explain
the strong decrease for x~1 which is possibly related to
the strong increase in I'y and I'g 44, observed in Fig. 7

in the same region of x.

We finally discuss the dependence of A; on x shown in
Fig. 6. This dependence indicates a slight upwards bow-
ing which corresponds to C(A;)=—0.079(1) eV (Table I).
Similar results have been observed for the A; spin-orbit
splittings of several III-V semiconductors.’® The bowing
of the A, splitting, however, is usually downwards
[C(Ag)>0].8%1%5 The downwards bowing of A, has been
interpreted as due to disorder-induced s admixture in the
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I'y5 valence band: the s wave functions do not contribute
to the spin-orbit splitting. The negative C has been attri-
buted® to a repulsion between the A4 5 and the A4 valence
bands due to the lowering of the local symmetry produced
by the disorder. No quantitative calculation of C(A;) has
been performed.

V. CONCLUSIONS

Dielectric function data for the Cd, Hg,_,Te alloys at
room temperature in the whole range 0 <x <1 have been
presented. The critical point energies of the three struc-
tures E;, E,+A,, and E, have been found by analysis of
the numerically obtained second derivatives of the original
spectra. The E; and E;+A; cp have a positive bowing
parameter ¢ while the dependence of E, is linear within
experimental accuracy. Broadening parameters and phase
angles were also obtained from the line-shape analysis. A
large smearing out of the excitonic effects of the E; and
E,+A; gaps in CdTe was found even for small Hg con-
centrations. The effect of alloy disorder in the E, gap
was found to be small, possibly absent. Our results con-
firm previous ellipsometric data which yield no evidence
of defects or disorder due to bromine-methanol etching.

Note added in proof. H. Arwin and D. E. Aspnes [J.
Vac. Sci. Technol. (to be published)] have recently separat-
ed the E, structure of HgTe and several Cd,Hg;_,Te al-
loys into contributions of four critical points. The separa-
tion of these critical points decreases with increasing x, a
fact which may account for the I'g, of Fig. 7.
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