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Abstract The refractive indices of Hg,-,Cd, Te bulk samples with the camposition x=0. 276. 0. 309, and 0. 378

were measured by infrared spectroscopic ellipsometry at room temperature in the energy regions which were be-

low . across. and above the lundamental band gap. An obvious refractive index enhancement effect was observed in

the refractive index spectra for each eomposition. The energy position of the maximal refractive index value equals

approximately that of the band gap. The refractive index versus wavelength A above the band gap for r berween -

=1, 274 and 0. 378 was modeled using a Sellmeier dispersion relationship n* ¢ =g, +a./ A Fu- /3 4, /35
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INTRODUCTION

The refractive index dispersion near the fun-
damental gap in semiconduciors is signiicant lor
the design and analysis of the optoelectronic de-
vices. =uch as optical {ilters. rmirrors coated with
thin {ilms, semiconductor lasers and modulators.
The refractive indices of bulk materials exhibit re-
markable changes at the {undamental absorption
edge, which has been investigated for -V com-
This phe-
nomenon has also been obzerved in MBE layers of
Pb,_ . Fu,Se. Pb _,S1.Sel*) and Ph,_.Eu,Tel*, as
well as in two-dimensional PhTe/Pb,_. Eu,Te

pounds!’ and narrow-gap lead salts"-.

MQW structures-*). However, it is not observed in
the narrow-gap semiconductor mercury cadmitm
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telluride Hg,—,Cd,Te (MCT). a very lmportant
material in infrared applicatoins.

The usual methods to determine the refractive
indices of MCT are based on the transmission spec-

B~ u

tra of thin samples- . Unfortunately . only the
refractive index below the band can be available by
this technique . due to large absorption coellicients
in MCT above the band gap. Ta describe the re-
fractive indices near the band, in this paper we in-
vestigated the refractive indices of Hg,-, Cd.Te
bulk samples with the composition xr= 0. 276, 0.
30%,and 0. 378 in the energy region which are be-
low .across and above the fundamental gap by in-
{rared spectroscopic ellipsometry. An explicit re-
{ractive index enhancement effect was observed in
MCT bulk material for each composition.
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1 EXPERIMENTAL

The samples were prepared by the Bridgman
method . then anncaled in Hg vapor to form n-type
crvstals (with carrier concentration 2 —5 - 10!
cm ‘). The transmission spectra of the samples
were recorded using FTIR spectrometer (Bio-Rad
Co. FT5-63A). The alloy compositions of the
measured samples were determined by litting the
transmussion spectra near the fundamental absorp-
tioh edge with the empirical formulas of the energy
gap and absorption rules-''" !,

The surfaces of Hg,_,Cd.Te samples to be
measured by infrared spectroscopic cllipsometry
were mechanically palished. The back surfaces of
the samples were roughed by silicon carbide sand-
paper to suppress the component of the beam re-
flected from the back sides of the samples.

Spectroscopic ellipsometry meaures the com-
plex reflectance ratio g between the reflection coef-
ficients #, and #..which are the light polarized par-
allel and perpendicular to the plane of incidece, re-
spectivelv. By analyzing the state of the polariza-
tion of reflected light. one determines two parame-
ters: tan ¢ and cosA. which are related to o by

g= %' = tangexp{/Al, (1)

The dielectric function e=e¢,+ /e, of the sample can
be calculated by using an ideal two-phase mod-
E'l[HJ :

_ oL H 2 "1_'0‘2_|‘ 2
£ ed[sm &, + sin’gtan %1\14—.0) o (2

where ¢, 15 the dielectric function »f a transparent

ambient without regarding to the possible presence

of overlayers. and ¢ is 1the angle of incidence.
Then the refractive index and extinction coef-

ficient are obtained as follows.

1 "'¢1 ~
nzi,?ﬁ'\‘ [ A ol
—_—
1 S
k= Aove - el =g (3)
7o aTETs

The ellipaometric measurements were carried
out by an automatic infrared spectroscopic ellip-
someter . the polarizer and analyzer of which are

synchronously rotat with a speed ratio of 1:1% at

an angle of incidence 73°. The light sourcc was a
1000W water-cocled globar lamp. The spectro-
scopic ellipsometric measurements were carried out
in air over the energy range 1. 1~ 0, 5¢V. The
probe bram diameter size was yw~4mm. The abso-
lute values ol measured refractive index are accu-
rate to 1" in the measurements without any defect
correction for the instrumental elements. which 1s

quite good for infrared spectroscopic ellipsometers.
2 RESULTS AND DISCUSSION

Fig. 1 shows the measured refractive indices n
of the Hg,_,Cd.Te bulk samples with =1, 278,
0. 309. and 0. 378 versus photon energy in the in-
frared region. We obtain the refractive indices not
only below the band gap., but also across and
above the energy gap lor different compositions.
As it is shown in the figure, a peak in the refrac-
tive index curve appears for each compasition. The
refractive index enhancement effect 15 obviously
observed. which can be understood according to

the following Kramers-Kronig (KK analysis;

nty — 1 4 L[ a0
m),  dv
log v’,+y'du’. 1)
¥y — Vv

where ¥ .v are frequencies. ¢ is the light velocity . o
(11 is the absorplion coefficient at frequency .
As well-known. a complete intrinsic absorption
spectrum includes not only the Urbach exponen-
tial-absorption edge but also the Kane region. The
former results [rom the transitions other than
band-to-band transitions. such as the transitions
of electron-hole. electron-phonon. and electron-
impurity and the latter is due the optical transi-
tions of electrons from the valence band to the con-
duction band. They obey different absorption
rules™. In the energy region near the absorption
edge ., the value of daty/ 1/u' goes up and the relrac-
tive index increases as the photon energy. Howev-
er+ when the photon energy reaches the gap ener-
gv, the absorption curve changes its slopes and be-

comes flatter. so the value of de¢V }/V' decreases

above the gap energy. Therefore, a peak appears
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Fig. | The refractive indices n of the Hg, Cd.Te bulk

samples with x=, 276.0. 309, and 0. 378 measured by

infrared spectroscopic ellipsometry at the energies which

are below, across. and abuve the band gap at room
temperature
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Fig. 2 Meawured and fitting refractive index spectra ver-
sus wavelength above the band gap of Hg,—.Cd.Te bulk
samples with x=20. 3276, 0. 309, and 0, 378
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in the refractive index curve at the band gap ener-

EY-
Furthermore. the peak wil]l move toward the

lower energy and its value will increase as the com-
position decreases. The refractive index above the
band gap will drop guickly near the gap then de-
crease slowly as energy increases.

Thin overlayers, such as oxdes and micro-
scopic roughness on the sample surface, have ef-
fects on the optical constants. We found in our
measurements that finite averlayers mainly affect-
ed the extinction coefficients. Therefore the refrac-
tive indices reported here are observed without in-
ctuding the correction made for possible surface
averlavers or damage ellects. Since the back sides
of the samples were roughed. the reflcetion of the
hight beam from the back sides of the samples is
very small and its contribution to # 1s less than 1%
by estimation below the band gap. Therefore there
is no correction to the values of the refractive in-
dices below the band gap due to the back reflection
contribution.

From the energy position of the refractive in-
dex peaks shown in Fig. 1. the band gap is about
0. 273, 0. 371, and 0. 414eV . which is very near
the value 0. 273. 0. 318, and 0. 413eV obtained
from the band gap formulat! with the compnsition
x=0,276. 0. 309, and 0. 378. re~pectively. A the-
oretical naalysis—") showed that the near-to-gap »
( £} enhancement in narrow gap semiconductors
was dependent on energy gap E,. absorption edge
steepness and brodening W,. And Zemel* pro-
pased that the position of the maximum was pre-
dicted at E, +W./2 rather than at E,. It shows
that the impurity concentration in cur samples is
low engugh that the broadening effect 1s negligible

in the experimental errors.

Table 1 Fitting parameters of the refractive indices
for Hg, -sCd. Te bulk samples with {). 276=x<.0. 378
abhove the band gap at room temperature
*1 BT Hg, .Cd.Te (0. 276<3x=10. 378"
BRSEERATRERENTHROAHN

Coefficient A B C
a) 23. 801 —108, 4977 404, 281
as —43, 540 §21. 897 —uorn? ol
a; —1.400 > 107 5.284 107 1.212- 10"
N 5781 - 100 — 2. R28 - 10¢ 2092 - 10
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Up to now there is no report on the refractive
index spectra of MCT above the band gap. Theyv
are plotted separately in Fig. 2 as a function of
wavelength A tin micrometers). The best fit with
experimental results at room temperature for r be-
tween &= {. 276 and 0. 378 is obtained {rom the

Sellmeler equation
n(A) = a, + a: /A + a S oa AR, (3)

where u, = A, +Br+C.rti=1.2,3.4) and the co-
efficients A,. B, and C, are given 1n table 1. The
fitted refractive in dex spectra are presented in
Fig. 2 by solid lines. The maximum difference be-

tween the experimental values and this formula is

less than 0. 3% . which 35 better than the experi-
p

mental errors.
4 SUMMARY

In conclusion. we have measured the disper-
sian of the refractive indices of Hg,-,Cd, Te tx=0.
276.0. 319, and 0. 378) bulk samples at room tem-
perature by infrared spectroscopic ellipsometrv in
the energy regions which are below. across. and
above the fundamental band gap. respectively. An
obwvious refrative index enhancement effect is ob-
served for each composition. which can be account-
ed for in accordance with KK relation. The energy
of the band gap obtained from the refractive index
peak 15 in good agreement with that from the band
gap formula. The experimental values of the re-
{ractive indices abave the band gap have been fitted

well by a Sellmeier equation.
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