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The electric-susceptibility mass mg of free carriers was determined at 300, 80, and 10 °K
for p-type SnTe having carrier concentrations ranging from 3.6x10' to 1.2x10%! em™, The
values were determined from an analysis of the normal reflectivity of the material in the
infrared region. The observed carrier concentration and temperature dependences of m
were used to test valence-band models recently proposed for SnTe by (i) Koehler, (ii) Rogers,

and (iii) Tsu, Howard, and Esaki.

In addition, a simple Cohen-type model was evaluated.

It is demonstrated that none of these models provides a completely satisfactory description
of our experimental results. The temperature dependence of m g is shown to be anomalous
with regard to its relationship to the temperature dependence of the forbidden energy gap.
On the basis of our results, it is concluded that the valence-band structure of SnTe is con-
siderably more complex than indicated by the models we have considered.

I. INTRODUCTION

Recently, a considerable amount of research has
been directed toward an understanding of the va-
lence-band structure of SnTe.'™* Despite this ef-
fort, the nature of this structure has not yet been
delineated. Furthermore, a number of mutually
inconsistent valence-band models have been pro-
posed for this material.>~* An objective of the

work which we report here was to test these band
models by experimentally determining the electric-
susceptibility mass mg as a function of tempera-
ture and carrier concentration. Measurements of
mg are particularly useful for this purpose, be-
causethey are sensitive tothe nature of the contrib-
uting bands at the Fermi level. Since the position
of the Fermi level can be changed by varying the
carrier concentration, various parts of the band



2 ELECTRIC-SUSCEPTIBILITY MASS OF FREE HOLES IN SnTe 1005

structure can be probed. Another appealing aspect
of such measurements is that they can be carried
out over unusually large ranges of temperature
and carrier concentration. For example, our
studies involved a range of temperatures from 10
to 300°K and hole concentrations from 3. 6x10
to 1.2x10*" ecm™.

Previous measurements of m, at 300 °K showed
that it was a strong function of carrier concentra-
tion, indicating some combination of nonparabolic
and multiple valence-band structures.® Our range
of carrier concentrations and temperatures repre-
sents an extension of these data to lower tempera-
tures and to both lower and higher carrier concen-
trations. We have compared the results of these
measurements with those expected on the basis
of the previously proposed band models, as well
as for a simple one-band Cohen-type model. In
addition, on the basis of our measurements we
have found an anomalous relationship between the
temperature dependence of m and the correspond:-
ing variation of the forbidden energy gap. Finally,
the relevance of these results to current band-
structure considerations is discussed.

II. EXPERIMENTAL
A. Bulk Samples

Four bulk single crystals of SnTe were studied.
They were grown by Houston et al.® of our labora-
tory. Circular disks having diameters of approxi-
mately 3 in. and thicknesses of § in. were cut
from these single crystals. Using a technique
similar to that of Brebrick,” Houston heat treated
these crystals to vary their hole concentration
from their as-grown value of approximately 5x10?°
cm™,

Values of the hole concentration p were deter-
mined from measurements of the weak-field Hall
coefficient Ry and the relation p= (#/Rye)yox. In
doing this we have employed a value of 0. 6 for the
anisotropy factor #.> The carrier concentrations
of our samples obtained in this way are presented
in Table I.

Sample surfaces were prepared for reflectivity
measurements by polishing and etching, using a
procedure and etch developed by Norr.® Our re-
flectivity measurements were dependent upon the
nature of a thin surface layer, the optical penetra-
tion depth being about 1 . For this reason we
have examined the crystallographic condition of
this layer using x rays. Laue photographs were
taken under conditions which minimized the x-ray
penetration depth. This involved low x-ray tube
voltages, an iron target, and long exposures of
approximately 5 h. Under these conditions the
penetration depth of the x rays approximated the
optical penetration depth. The Laue photographs

TABLE I. Carrier concentrations of SnTe samples.

Carrier
Sample Type concentration?
(cm™)
A Bulk 1,38 %x10%
B Bulk 2.95x10%
c Bulk 5.30% 102
D Bulk 1.20x 1021
E Film 3.60x10%°
F Film 7.50x101?
G Film 1.40x10%

2A11 samples are p type.

taken under the above conditions had sharp spots
characteristic of good single-crystal material.
Therefore, we believe that the surface layer in-
volved in the optical measurements was free of
major damage and strains.

Reflectivity measurements at near-normal in-
cidence were made in the infrared using a Perkin-
Elmer Model 112 spectrometer equipped with
either a LiF or a NaCl prism. A standard optical
Dewar was used to achieve sample temperatures
of 300, 80, and 10°K. The reflectometer'® was
similar to that developed by Paul and his as-
sociates at Harvard University. A particularly
appealing characteristic of this system is that it
produces a narrow beam of light, permitting entry
into the Dewar without vignetting. A 1:1 image of
the exit slit of the monochromator is formed on
the sample. The angle of incidence of the central
ray upon the sample is about 10° from normal,
while that of the extreme rays is approximately
15°. These angles are sufficiently small so that
the measurements correspond to within 1% of those
at normal incidence. The reflectivity was deter-
mined by comparing the light reflected from the
sample with that from a standard front-surfaced
aluminum mirror.

B. Film Samples

Film samples deposited epitaxially on NaCl sub-
strates were studied in addition to bulk samples
because relatively small hole concentrations could
be more readily obtained by heat treatment of the
films. This was true because the thinness of the
films (approximately 1 u) greatly reduced the time
required to complete the diffusion process involved
in the heat treatment.!' The films were single
crystals having areas of approximately 1 cm? and
the hole concentrations given in Table I. These
hole concentrations were determined in the manner
described above for the case of bulk samples. Re-
flectance measurements at near-normal incidence
were made on these films using a Perkin-Elmer
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Model 21 spectrometer with a reflectance attach-
ment placed in the entrance optics. A standard
front-surfaced aluminum mirror was used for
reference. The fringe data obtained on the SnTe
film samples were similar to those reported by
Riedl et al.!!

III. DISPERSION THEORY

The reflectivity R at normal incidence is given
in terms of the index of refraction » and the ex-
tinction coefficient & by

R=[(n-1)2+k%)/[(n+1)%+ k%] . 1)

It is related to the complex dielectric constant
€ through the defining relations

E=e+iey=n -2+ 2ink . 2)

The frequency dependence of this dielectric con-
stant arises principally from three dispersion
mechanisms involving bound carriers (BC), free
carriers (FC), and lattice vibrations (LV). It is
usually assumed that their contributions to € are
additive, as expressed by

€=&pc+€pc+ € y=1+41Rpc+Xrc+Xuy). (3)

The ¥%’s are the electric susceptibilities corre-
ponding to each mechanism.

In the spectral region from 1 to 15 yu, which
was studied here, ¥y makes a relatively small
contribution to €. In addition, at wavelengths
somewhat beyond the fundamental absorption edge,
Xsc becomes independent of wavelength. When
these conditions are satisfied, Eq. (3) is custom-
arily written as

€=€u+ 4 rc, (4)

where €., is the optical dielectric constant.'? Ac-
cording to classical dispersion theory, ¥yc is re-
lated to the free carrier concentration N, electric-
susceptibility mass m,, and damping coefficient
v by

Xrc = (= Ne?/mg) [1/(w?+ )] (1 =iv/w), (5)

where w is the angular frequency of the light and
e is the electronic charge. This expression is in

cgs units.
Another quantity of interest is the optical mobil-

ity mopt, which we define as

Hopt=e/mgy . (6)
1t follows directly from Egs. (1)-(6) that R may
be expressed in functional form as

R=R(N, mg, €x, Hopts @) - (7)

Since N is determined by an independent measure-
ment and w is controlled, this functional relation
for R involves three unknown quantities. We have

|

analyzed our experimental data to obtain values
for these parameters.

IV. RESULTS AND DISCUSSION
A. Reflectivity of Bulk Samples

Reflectivity data which apply to the four bulk
samples are presented in Fig. 1. These data
represent extensions of previously reported data®
to lower temperatures and to higher carrier con-
centrations. The solid curves were calculated on
the basis of the free carrier dispersion relations
described above and the parameters indicated in
the figure. The calculated curves are in good
agreement with the experimental data at wave-
lengths greater than approximately 3 u. The dis-
crepancies at shorter wavelengths are due to the
onset of bound carrier dispersion. Such discrep-
ancies have been discussed in detail by Riedl
et al.,’ and Schoolar ef al.®''* In addition, small
discrepancies of less than 5% occur on the long-
wavelength side of the reflectivity minimum for
samples of high carrier concentration. Fortu-
nately, the determination of m, the parameter of
primary interest here, was relatively insensitive
to the reflectivities in the long-wavelength region.
For this reason, we have not carried out a sys-
tematic study to determine the origin of the long-
wavelength discrepancy.

B. Reflectance of Thin Film Samples

Three film samples were studied at 300 and
80 °K using a procedure described by Schoolar
and Dixon '* and Riedl and Schoolar.’® This in-
volved measuring the wavelength A at which maxi-
mum and minimum reflectances occur. Since the
thicknesses of the films were known, ¢ the po-
sitions of the maxima and minima gave the index
of refraction directly. The preceding assertion is
true providing »>>%. It has been shown by pre-
vious detailed optical studies®!%!5 that this condi-
tion is satisfied in the spectral region of our mea-
surements for films of the type studied here. If
in addition w?>y? it follows from Eqgs. (2) and
(5) that

1= € —(e%/mc?®) (N/mg) A2, (8)

where c is the velocity of light. Thus, under these

conditions a plot of #? versus A% serves to estab-

lish €, and m . The validity of applying Eq. (8)

to the analysis of our data was supported by the

fact that a A2 dependence for » was observed ex-

perimentally. The values of m, and €. reported

for the film samples were obtained in this manner.
The reliability of our film data is supported

also by the close agreement of the dispersion

parameters obtained for a film and a bulk sample
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FIG. 1, Reflectivity spectra at 300, 80, and 10 °K for samples A—D. Samples are described in Table I. Solid

curves represent values calculated on the basis of classical free carrier dispersion theory, as discussed in the text.
The dispersion parameters used in these calculations are given in the lower right-hand corner of each figure.

having similar carrier concentrations. The sam-
ples involved were samples A and G. As indicated
above, the methods of analysis were completely
different in the two cases. The fact that the same
dispersion parameters were obtained for each type
of sample at both 300 and 80 °K serves as evidence
supporting both methods of analysis.

C. Dispersion Parameters

The dispersion parameters resulting from
analyzing our bulk and thin film data as discussed
above are presented in Fig. 1 and Table II, re-

spectively.

The values of €., Uop, and mg at 300°K are in
good agreement with those previously reported.’'?
The values of €. presented in Table II and Fig.

1 increase as the carrier concentration decreases.
This type of dependence has been observed pre-
viously for SnTe and is attributed at least par-
tially to a Burstein shift!” of the fundamental ab-
sorption edge.'®!* In addition, €. increases with
decreasing temperature. A similar dependence
has been observed for PbTe'® and PbS'*!® and is
presumably due to the temperature-dependent
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TABLE II. Optical dispersion parameters — film
samples.
Sample Temperature €w my/m,
(°’K)
E 300 48 +2 0.075+0.018
80 54 %2 0,056 +£0.018
F 300 45+2 0.100+0.012
80 51+2 0.070+0,010
G 300 452 0.120+0.020
80 47 £2 0,100+0,011

shifts of the electronic energy bands.

Our primary interest was the experimental deter-

mination of m,. Its variation with carrier con-
centration is presented in Fig. 2 at 300 and 80 °K.
The 10°K results are not presented as they are
essentially the same as the 80°K results. It can
be seen in Fig. 2 that m, increases as the carrier
concentration increases, and decreases by about
20% in going from 300 to 80 °K at all carrier con-
centrations.

D. Influence of Multiple Bands upon Dispersion

Many of the models which have been proposed
to explain various electrical, optical, and thermal
properties of SnTe have involved multiple valence
bands. The use of single-band dispersion theory,
as we have done, to analyze a multiple-band situ-
ation would be expected, in general, to lead to
sizable errors in the evaluation of band parameters
such as m;. This point has not been taken into
account in previous work?™® of this nature on SnTe.
Consequently, the meaningfulness of earlier band
models arrived at by comparison with m, data
must be considered uncertain at this point.

The complexities referred to above can be ap-
preciated by considering the classical dispersion
relation applying to a multiple-band systemlz

1 .
€=€.,°—417622‘—JV‘L" B 2) (1_,..@.’1.) ’ (9)
Fi ms'j w +Yj w

where j is the band index. This relation is analo-
gous to Egs. (4) and (5) for the single-band situa-
tion. Thus, when the possibility of multiple bands
exists, considerable care must be exercised in
order to extract meaningful band parameters from
the optical data.

For the reasons given above, the exceptionally
good agreement between our reflectivity data and
the results calculated on the basis of single-band
dispersion theory would not be expected generally.
The fact that good fits are obtained with the single-
band relation suggests one of two possibilities:

(a) Multiple valence bands are not involved, and
only a single type of valence band is actually oc-

2

cupied by the free carriers. (b) Multiple valence
bands are involved, but the dispersion parameters
associated with each of the bands are such that
Eq. (9) takes on the form of the single-band rela-
tion of Eq. (4). Because of the rather strong
evidence supporting the existence of multiple va-
lence bands, we believe that the latter possibility
is the more likely one. This belief is supported
by the fact that the second situation is realized
providing the damping coefficients associated with
each band are such that

Vf, 72, '}’g) cor K, (10)

Estimates based upon the carrier scattering mech-
anisms believed to be active in this material indi-
cate that this condition is not unrealistic.

V. COMPARISON OF EXPERIMENT WITH
VARIOUS BAND MODELS

A. Carrier Concentration Dependence
1. Koehler Model

Recently, Koehler? proposed a multiple valence-
band model to explain the optical and thermal
properties of SnTe. The model consists of two
spherical valence bands whose extrema are sepa-
rated by 0.29 eV. The upper band involved four
equivalent energy surfaces in the (111) directions.
It was assumed to be parabolic to an energy of
0. 29 eV and to become appreciably nonparabolic

ox10? 4 6 s 0® o 4 6 810 2
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®
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2.40 T T T L I
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FIG. 2. Variation of the electric susceptibility hole

mass mgy/m, with carrier concentration at 300 and
80 °K. The 80 °K results are about 20% below those at
300 °K at all carrier concentrations.
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at higher energies. The six energy surfaces as-
sociated with the second band were situated along
the (110) directions and were taken to be para-
bolic. We have calculated the variation of m, with
carrier concentration which would be expected on
the basis of such a model. In carrying out this
calculation, we used Koehler’s values of the Hall
coefficient obtained only at 300 °K to estimate the
corresponding values at 77 °K. This was done

to permit a direct comparison of his carrier con-
centrations [calculated from (R,)seo k] With ours
[calculated from (Ry)ox]. The adjustments were
based upon the values of (R y)sgeok/ (Ry)mox reported
by Houston and Allgaier 2° and our relation for p
given in Sec. IIA. The results are presented as
the solid curve in Fig. 3. They are characterized
by an m, which is essentially constant until the
Fermi level enters the second band, and then by
an increasing g at higher carrier concentrations.
It can be seen that the calculated curve is in
marked disagreement with our experimental re-
sults over the whole range of carrier concentra~
tions. Thus, it appears that the Koehler model
does not provide a suitable description of our ex-
perimental results.

2. Rogers Model

Rogers® proposed a two-valence-band model to
explain the electrical, optical, and thermal prop-
erties of SnTe. The energy surfaces associated
with the upper band were taken to be the nonpara-
bolic approximately ellipsoidal surfaces first de-
scribed by Cohen.?! The extrema of these surfaces
were placed at the edges of the Brillouin zone in
the (111) directions. The second band was taken
to be parabolic, and its twelve equivalent surfaces
were located in the interior of the Brillouin zone
along the (110) directions. The extrema of the
two bands were separated by approximately 0.3
ev.

As part of his analysis, Rogers calculated the
electric-susceptibility mass to be expected on the
basis of his model at two carrier concentrations.
In carrying out these calculations, Rogers first
determined the band parameters of the Cohen-type
surfaces at the two carrier concentrations, and
then substituted these parameters into the standard
relation for parabolic ellipsoids. Because of this
latter step, we consider his analysis as a partial
treatment of m, for the Cohen surfaces. As we
shall show, such a partial treatment introduces a
significant error into the calculated values of m,.
Rogers’s values for m, are plotted as the X’s in
Fig. 4. In doing this we have adjusted Rogers’s
carrier concentrations [based upon (Ry)sgpox] SO
as to correspond to ours, as described in Sec, VA,
The results of Rogers’s partial treatment give an

ELECTRIC-SUSCEPTIBILITY MASS OF FREE HOLES IN SnTe

1009

0.40 T I T
T=300°K
0,201 KOEHLER MODEL i i B
8 {
£
g 010~ i FERMI LEVEL n
0.08- § ENTERS SECOND BAND =
0.06 (KOEHLER ) N
0.04 L1 1 1 L1
x4 6 8 1% 2 4 6 8108 2

CARRIER CONCENTRATION (cm-3)

FIG. 3. Comparison of the experimental carrier con-
centration dependence of the electric-susceptibility hole
mass mg/m, at 300°K with that expected on the basis
of the Koehler model.

mg which is somewhat larger than our experimental
value at both carrier concentrations.

In addition, we have carried out the more de-
sirable full treatment of the Cohen surfaces. This
was done using Rogers’s band parameters and the
equations for m, of a Cohen surface developed by
Dixon and Riedl.'® The results of this calculation
are presented as the solid curve in Fig. 4. These
calculated values of m  are considerably larger
than the experimental ones at all carrier concen-
trations. Therefore, it appears that the band
model proposed by Rogers for SnTe also leads to
an mg which is not consistent with our experimental
data.

3. Tsu, Howard, and Esaki Model

Tsu, Howard, and Esaki* (THE) have also pro-
posed a two-valence-band model to explain the
electrical and optical properties of SnTe. The en-
ergy surfaces associated with the upper band were
taken to be Cohen-like. As before, the extremum
of this band was placed at the edges of the Brillouin
zone in the (111) directions. The energy surfaces
associated with the second band were taken to be
parabolic and were also placed at the edges of the
Brillouin zone in the (111) directions. The ex-
trema of the two bands were separated by 0. 34 eV
at 300°K.

The essential differences between the work of
THE and that of Rogers are (a) THE performed
the more desirable full treatment of the Cohen
surface in the calculation of m, as compared to
Rogers’s partial treatment; (b) Rogers and THE
located the extrema associated with their second
bands at different places in the Brillouin zone;

(c) THE proposed a light-hole second band, where-
as Rogers proposed a heavy-hole second valence
band. Using their model, THE calculated the
carrier dependence of m at 300 °K and fit the re-
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FIG. 4. Comparison of the experimental carrier concen-
tration dependence of the electric-susceptibility hole mass
mg/m, at 300 °K with that expected on the basis of the
Rogers model. The' X' represent Rogers’s calculation.
Solid curve represents our extension of Rogers model to
a full treatment of the Cohen surface, as discussed in
the text.

sults to their experimental data as well as to that
of Riedl et al.® Their calculations are presented
as the solid curve in Fig. 5. The dashed curve
represents our extension of their calculations.
The calculated curve is in good agreement with the
data in the low carrier concentration range, but
a significant discrepancy exists above a carrier
concentration of about 4x 10% cm™. This dis-
crepancy is not large enough, however, to serve
as definite grounds for ruling out this model. Of
the three models we have considered, it provides
by far the most satisfactory description of the
carrier concentration dependence of m, at 300 °K.

4. Simple Cohen-Type Model
Our experimental results at 300 °K can be de-

scribed by a relatively simple model, involving
only a Cohen-type valence band acting alone, To

0.40 T 71 T T 11
T+ 300°K
0.20[~  TSU, HOWARD, AND ESAKI MODEL é L
S S
15
7010~ e OUR DATA |
0.08 — FERMI LEVEL o REF. 5
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x4 6 8 1% 2 4 6 8108 2

CARRIER CONCENTRATION (cm'3)

FIG. 5. Comparison of the experimental carrier con-
centration dependence of the electric-susceptibility hole
mass mg/m,, at 300°K with that expected on the basis
of the THE model. The broken curve represents our
extension of the THE calculation as discussed in the
text. Other experimental data have been included for
comparison,

demonstrate this, we have calculated the carrier
concentration dependence of m, at 300 °K based
upon such a model. In carrying out this calcula-
tion, we have used the method described by Dixon
and Ried1'® and the band parameters given by THE.

The results of our calculation are presented in
Fig. 6 as the solid curve. They are in better-
agreement with our experimental results than the
calculations of THE which include the influence of
a second band. However, this good agreement
should not be considered necessarily as strong
supporting evidence for our simple model. This
limitation arises because of uncertainties which
exist in the determination of the hole concentration
p and, consequently, in the determination of m.
Our experimental method of determining the num-
ber of carriers in the Cohen surfaces from mea-
surements of the weak-field Hall coefficient Ry
differs, for example, from that which would have
been used by THE for this single band. As de-
scribed in Sec. IIA, we have employed the rela-
tion p= (¥/Rye)ymox With a constant anisotropy fac-
tor of 0.6. In contrast, according to the THE
model the relationship between the number of car-
riers occupying a Cohen surface and Ry should
involve an anisotropy factor »(p) which varies ap-
preciably with the number of carriers. In partic-
ular, over the carrier concentration range in-
volved in our study, # would vary from approxi-
mately 0.3 to 0.7. Thus the two models lead to
considerably different values of p for a given sam-
ple and, consequently, to markedly different de-
pendences of m, upon p for a series of such sam-
ples. This point has been discussed in detail by
THE.

Based upon existing information we have not
been able to justify either a constant » or a car-
rier-concentration-dependent 7(p) as applied to a
Cohen-type band. It has been established experi-
mentally by Houston et al.® that »~ 0. 6 for SnTe
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FIG. 6. Comparison of the experimental carrier con-
centration dependence of the electric-susceptibility hole
mass mg/m, at 300 °K with that expected on the basis of
a Cohen-type band acting alone,
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over a wide carrier concentration range. THE
assert that the constancy of 7 is the result of the
combined contribution of the Cohen band and the
second band of their model. On the other hand,
Allgaier?® has discussed a way in which Cohen-
type surfaces by themselves could lead to a con-
stant 7.

Because of the factors discussed above, the
good agreement between the simple Cohen model
and the experimental data must be considered only
as an empirical fact. It is a fact, however, which
should be of considerable use in the final deter-
mination of the valence-band structure of this
material. We believe that similar reservations
must also be applied to any comparison of experi-
ment with the THE model.

B. Temperature Dependence

Serious discrepancies exist between experiment
and the models discussed above in connection with
the temperature dependence of m,. We have ob-
served a very uniform decrease in mg as the tem-
perature is lowered, as shown in Fig. 2. The
temperature dependences to be expected on the
basis of each of the four models cannot be calcu-
lated in detail because the variations of their band
parameters with temperature are not known. How-
ever, the general nature of the changes in
which would normally be expected are in sharp
contrast to our observations. In particular, one
would expect all the models to predict (a) An
increase in mg as the temperature is lowered
rather than the observed decrease. This arises
from the fact that the valence-conduction-band
gap E, of SnTe has been reported to increase with
decreasing temperature. (b) A nonuniform shift
of mg as a function of carrier concentration as the
temperature is lowered rather than the very uni-
form one which is observed. This expectation -
arises from the fact that multiple bands are in-
volved in three of these models. For such cases,
one would generally expect the relative positions
and shapes of the bands to change with temperature
so as to produce nonuniform shifts in m.

Thus, because of the discrepancies discussed
above, we feel that none of the models provide a
satisfactory description of both the carrier con-
centration and temperature dependence of m,.

We wish to emphasize an aspect of our results
which should be of considerable significance in
future efforts to determine the valence-band struc-

ture of SnTe. As discussed, our measurements
show that m, decveases as the temperature is re-
duced from 300 to 80 °K. The work of others®
indicates that for such a temperature variation the
corresponding forbidden energy gap E, incveases.
Such an inverse variation of these quantities is
very unusual. To our knowledge there have been
no previously reported cases for which the temper
ature coefficients of m, and E, are of a different
sign.z4 On the basis of this, we consider our re-
sults to be anomalous.

The fact that the temperature coefficients of m,
and E, are normally found to be of the same sign
is completely consistent with the results to be ex~
pected on the basis of a wide variety of valence-
conduction -band models applying to semiconductors.
According to such models, mg would be expected
to vary in the same direction as E,. The anoma-
lous behavior which we observe indicates strongly
that the valence-conduction-band structure of SnTe
must be characterized by unusual features.

This latter assertion has been supported re-
cently by Burke and Riedl?® who have reported an
anomalous behavior of the fundamental absorption
edge of SnTe. They observed that the temperature
coefficient of the fundamental absorption edge of
SnTe in the high-energy region is also opposite
in sign to that of E,. The authors suggested that
this anomaly could be explained on the basis of a
highly distorted and temperature-dependent Fermi
surface. Whether or not such a model can be used
to explain our results for m, is not known. We
were not able to carry out a quantitative calcula-
tion because their model has not yet been developed
in sufficient detail.

VI. SUMMARY

The valence-band models which have been pro-
posed for SnTe by (i) Koehler, (ii) Rogers, and
(iii) Tsu, Howard, and Esaki do not provide a sat-
isfactory description of both the temperature and
carrier concentration dependence of m, which we
have observed. The same conclusion applies to
the simple Cohen-type model which we have con-
sidered. In addition, the observed temperature
dependence of m, is found to be anomalous with
regard to its relationship to the corresponding
variations of the forbidden energy gap. Taken to-
gether, these findings suggest that the valence-
band structure of SnTe is considerably more com-
plicated than described by any of the models con-
sidered here.
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The electron drift mobilities of the five direct-gap III-V semiconductors GaAs, GaSh, InP,
InAs, and InSb are presented as a function of temperature. Polar-mode, deformation-potential
acoustic, and piezoelectric scattering are included, as well as nonparabolic conduction bands

and the corresponding electron wave functions.

The drift mobility follows exactly from the

assumed model by a simple iterative technique of solution which retains all the advantages of
variational techniques without, however, the need for excessive mathematical detail. Piezo-
electric scattering is shown to be considerable in GaAs for temperatures below 100 °K. The
agreement between theory and experiment for GaAs is satisfactory.

I. INTRODUCTION

In recent years, considerable interest has de-
veloped toward the study!’Z and use®* of compound
semiconductors. The materials about which the
most detailed information is available possess di-
rect energy gaps and are derived from elements
in columns III and V of the Periodic Table, These
semiconductors are five in number: GaAs, GaSb,
InP, InAs, and InSb,

Compound semiconductors are peculiarly useful
because electron transport at high (but easily
achieved)electric fields is dominated by the com-
plex conduction-band structure well above the low-

est band edge.s'6 Devices relying on the influence
of the higher-energy areas of the conduction band
represent a new class of applications (e.g., bulk
effects™®) distinct from that involving energies
within a few times the thermal energy of the band
edge. Obviously, one now has a wider selection
of band structures available, as compared to col-
umn-IV semiconductors alone. In addition, the
five semiconductors listed above have exhibited
some of the highest electron mobilities attained
in the liquid-nitrogen to room-temperature range.
Hall effect detector devices, of course, operate
more efficiently with high mobilities,

The electron mobility is a popular parameter



