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Electron-effective-mass values obtained from low-temperature Shubnikov-de Haas, magneto-Seebeck, and

Hall measurements on Cd3As, have been gathered from the literature. Using Kane's model for an HgTe-type
inverted energy-band structure, the dispersion relation for the conduction band has been obtained along with a

I,-l, ~energy gap of 0.11 eV. The heavy-hole valence band is split from the conduction band at 1 by a

residual gap of -0.01 eV. There is a second conduction band whose minimum at I is approximately 0.6 eV

above the I, valence band and perhaps a third one -0.4 eV above the latter. Theoretical estimates of the

variation of the energy gap at I as a function of temperature and pressure are obtained. Those are found to
be consistent with our band model as well as with our analysis of existing temperature data (BED/BT —5 X 10 '
eV/K) and pressure data (B~dP ——2 X 10 ' eV/bar).

I. INTRODUCTION

In a previous publication' we proposed a model
for the band structure of cadmium arsenide
(Cd,As, ) at room temperature which is consistent
with all the available data and which reflects the
unusual character of this compound (mobility of
-10' cm'/V sec with 2 x 10"electrons/cm'). It
was shown that the band structure is or approaches
that of a semimetal such as HgTe with an indirect
overlap of the conduction and heavy-hole valence
bands. However, in this case, the low symmetry
of the crystal does not lead to a degeneracy of these
bands at F. It was in fact found that a small resi-
dual gap E„-0.04 eV splits the two F, bands.

The purpose of this paper is twofold. First,
low-temperature data from magneto-Seebeck,
Hall, de Haas-van Alphen, Shubnikov-de Haas,
and magneto-optical experiments are gathered' '
in order to obtain the corresponding band struc-
ture. The procedure is similar to that described
in Ref. 1. Second, in order to check our model,
a theoretical band-structure calculation is per-
formed. The temperature coefficient of the F,-F,
energy gap E, is evaluated and found to be in agree-
ment with the one deduced from our room-temper-
ature and low-temperature models. The pressure
coefficient of this direct gap is deduced from the
theoretical calculation mentioned above and com-
pared with existing pressure data. In particular,
it is shown that Clavaguera's recent piezoresist-
ance data could be the first direct observation of
the band-structure reversal in Cd,As, .'

II. DETERMINATION OF THE BAND STRUCTURE AT LOW

TEMPERATURES

A. Effective-mass results

As in Ref. 1, our starting point is the fact that
the conduction and light-hole valence bands of
Cd,As, are inverted as in HgTe. This was shown
in a convincing manner by Wagner et al."from in-
terband magnetoabsorption measurements at 20 K
on Cd, „Zn„As, and Cd,As„P, „alloys. By using
Kane's three-band model adapted to the inverted
band structure, one can show' that the electron
effective mass m*(E~) at the Fermi energy E~
varies with the electron concentration n as follows:

m *(Er)/mo 2
~ Eo 2 452 X2(3w2n)' ~'

1 —m*(E~)/mo ~ 2m o.E

where Er=P'(2m, /S'), P being the momentum
matrix element. It is obvious that a straight-line
plot can be obtained from Etl. (1) if n and X are
constants. These parameters are in fact slowly
varying functions of n which in the range 0.9
x10"&n&3.5x10" cm ' both vary by less than
6% so that n and X can be treated as constants.
Figure 1 shows that a reasonable straight line can
be obtained with the 21 data points in this range.
A least-squares fitting is used to obtain the illus-
trated line which is extrapolated in Fig. 2 to higher
values of n. In the latter figure, the experimental
points fa.ll near the extrapolated line up to n - 9
x 10" cm ' after which they suddenly break away.
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FIG. 1. Variation of the
low-temperature effective
mass with electron concen-
tration for n (4x10
taken from Refs. 2(x),
3 () 4 (*). 5 (+) 6 ()
7 P7), and 8 Q). In order
to use the data of Refs. 7
and 8, we have calculated
the density-of-states effec-
tive mass (mit m~ ) from
the effective-mass aniso-
tropy ratio of each sample.
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As in Ref. j. , this departure from the line can be
attributed to the filling of a second conduction
band whose minimum is ~E» above that of the first
conduction band and/or to an inaccuracy of the
Kane model at higher energies.

From the slope and intercept of the straight line,
we obtain

E;=-,'E, [(1+12F10-"s'i')'i2-11
where

Er ~Er —li kr/2mo.

(3)

(4)

and from Eq. (4) of Ref. 1, an expression for Er
as a function of electron concentration n (in cm ')

EPo. E02 = 8.3 x 102 eP ' (2)
Here, k~ is the wave number at the Fermi energy
and is related to n in a spherical degenerate band

O
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E

S FIG. 2. Variation of the
low-temperature effective
mass with electron concen-
tration for n ) 4 x 10 cm
taken from Refs. 2 (x),
5 {+), 7 P7), and 8 (0). The
straight line is that obtained
in Fig. 1.
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ments at liquid-helium temperature and indeed
observed a cutoff at 0.14 eV for a sample also
having n-2x10" cm '. Unlike the absorption edge
mentioned above, this cutoff is due to transitions
between Landau levels at I and should be larger
than -0.18 eV because of the residual gap E„. The
discrepancy may arise from the manner in which
the authors of Refs. 12 and 13 evaluate the position
of the absorption edge from their data. On the
other hand, the data from the magnetoabsorption
measurements may be unreliable so that it would
be useful to repeat this experiment.

4 5
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FIG. 3. Variation of the Fermi energy as a function of
electron concentration, according to Eqs. (3)-(5).

by

= (3v 2n)~ ~3
(5)

The straight line also yields.

E, = 01 2(& /o) eV.

From the definitions of n and X, and using 6=0.27
eV," the ratio X/u =0.94 and varies by -0.2/0 over
the considered range of n. Thus, E,=0.11 eV.
Equations (3)-(5) can now be used to illustrate the
variation of the Fermi energy with n (Fig. 3).
Furthermore, Eq. (2) yields E~ =13 eV. Finally,
the electron effective mass at the bottom of the
conduction band is equal to m*(0)/mo = 0.010.

C. Band structure of Cd3As~

E (ev)
II

06-
Cd& As2

0.5—

The results of Secs. IIA and II B allow us to de-
scribe the characteristics of the energy band
structure of cadmium arsenide at low temperatures
as follows:

(i) Equations (3)-(5) give the Fermi energy as a
function of n (Fig. 3) as well as the dispersion re-
lation E(k) for the conduction band (Fig. 4). Re-
garding the values of m*(0)/m, and of E~, we note
that our results are consistent with Rosenman's
Shubnikov-de Haas results between 1.5 and 40 K
(E~= 15 + 2 eV)8 and with Wagner's interband mag-
netoabsorption measurements (E~ =14+ 2 eV).'0

B. Optical results

Only two papers so far have reported low-temp-
erature optical absorption results for Cd As, . The
first was that of Turner et al."who reported an
absorption edge of 0.1V eV at 77 K for a sample of
carrier concentration -2 x 10" cm~. More re-
cently, Radoff and Bishop" studied the tempera-
ture dependence of the absorption edge of the
Cd,As„P, „alloy system including one sample of
Cd,As, with n-2 x 10"cm ' whose absorption edge
was 0.18 eV between 8 and -120 K and then de-
creased linearly to 0.14 eV at 300 K. The above
are direct transitions from the heavy-hole valence
band to the first available states in the conduction
band' and are thus the result of the Burstein-Moss
shift due to the large carrier density ever present
in Cd, As, . Consequently, interband magnetoab-
sorption data should also exhibit a low-energy cut-
off at the Fermi energy whose value is approxi-
mately that of the absorption edge mentioned above.
Haidemenakis et al.' performed such measure-
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FIG. 4. Proposed electronic energy-band structure
for Cd3As2 at low temperatures. The dotted lines indi-
cate the possible alternatives to explain the break in the
electron effective-mass data.
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Furthermore, our room-temperature value' of E~
is only 7% greater than the present result which
implies a weak temperature dependence of EJ.. An
almost identical situation has been found in HgSe,
which also belongs to the class of HgTe-type zero-
gap semiconductors. '~

(ii) The I",-I, energy separation is 0.11 eV. This
value agrees with the interband magnetoabsorption
results on Cd, „Zn„As2 and Cd, As„P, , alloys per-
formed by Wagner et al."at 1qw temperature. A
linear extrapolation of their Eo values to Cd, As,
yields an inverted band structure with a gap of
-0.1 eV. The knowledge of the E, value determines
the maximum of the light-hole valence band which
in Fig. 4 has been drawn as the mirror image of
the conduction band.

(iii) The approximate shape and position of the
I'", band in the (1,1,0) direction can be drawn, as
was done in Ref. 1, from the optical data already
mentioned. Since the fundamental absorption edge
is due to a direct transition from this band to the
lowest conduction band, this can be done by using
the absorption edge of samples whose electron
concentration is also known. Unfortunately, only
two such data are available at low temperatures
and both have the same electron concentration,
namely, 2x 10' cm '. From Fig. 3 this corre-
sponds to a Fermi energy of 0.24 eV from which
one must subtract 2k~T due to the smearing of the
Fermi surface. In the case of Ref. 12, which gave
0.17 eV at 77 K, a value of -0.19 eV is obtained
which corresponds to a wave number k-3.7 x 10'
cm '. As mentioned in Ref. 1, this value of k is
only accurate within 10% because of the reported
anisotropy of the Fermi surface. " But this in
no way affects the qualitative nature of our argu-
ments. From this k value on the conduction band
curve, one drops a perpendicular of length 0.17
eV which gives a point (+) on the heavy-hole val-
ence band illustrated in Fig. 4. The same pro-
cedure was performed with the other datum point"
(~) which was taken at 8 K. However, these two
points are insufficient to deduce the shape of the
I'8 band so that we had to use that obtained at room
temperature' and translate the curve vertically to
accommodate the present data. If the shape of the
valence band does indeed have the same shape at
all temperatures we may note that the residual
gap E„decreases and the overlap with the conduc-
tion band increases as the temperature is lowered.

(iv) The value of the spin-orbit splitting" n
=0.27 eV at 77K has been used to draw the split-
off valence band.

(v) As was discussed in Ref. 1, the discontinuity
in the behavior of the electron effective mass
(Fig. 2) occurring at n-9 && 10'~ cm 3 can be attrib-
uted either to the X, conduction band at h, E» -0.37

eV above the bottom of the I band or to a deviation
from the Kane-model prediction (see Fig. 4). The
small variation of this discontinuity when coming
from room temperature to low temperature does
not enable us to exclude either alternative. But if
indeed the X, band is at this energy, this would in-
dicate a trend to lower values of AE» for lower temp-
eratures. While a crossover of the two conduction
bands could not be brought about by a temperature
variation, it is conceivable that in Cd, „Zn„As,
and Cd, As„P, „alloys such a crossing could occur.
This point of view is consistent with the theoretical
predictions of Lin-Chung. " Furthermore, the ap-
plication of pressure could also bring about such a
crossover. With regard to the X, band, which
was found in Ref. 1 to be -0.6 eV above the I"

8 band
from room-temperature optical measurements,
we really cannot make any prediction as to its
position at low temperatures since there are no
available experimental data in this range of temp-
eratures.

III. CALCULATION OF BAND PARAMETERS

The compatibility of the various findings at room
and at low temperatures can be checked with the
help of a theoretical band-structure estimate.
Since the predictions on the energy band structure
within the Kane model are most sensitive to the
information at I, a calculation was performed at
this special symmetry point. The nonrelativistic
pseudopotential method was used on the higher-
symmetry effective fluorite structure as in Lin-
Chung's paper. " Two considerations prevailed in
these calculations. First, the atomic form factor
for Cd is quite uncertain judging from the pro-
liferation of local form factors" and experimental
data, some of which" "are gathered in Fig. 5.
As a consequence, the sensitivity or rather in-
sensitivity of any theoretical finding on the exact
shape of the Cd form factor had to be checked.
Second, the effect of ionic motion on the band struc-
ture had to be estimated since the findings of Ref.
1 and Sec. II are at different temperatures. The
Yu-Brooks procedure" involves the use of a
Debye-Wailer factor e i'~' which modulates the
structure factor S,(5). The matrix element of the
pseudopotential V„(r) between plane waves in the
local approximation is then

(k+G
~
V„(r) ~k) = g V, (G)S,(G)e

$

where 5 is a reciprocal-lattice vector, V, (5) is
the form factor for the i ion, and

W((G) =
2 G (u(),

(u2&) being the thermal average of the squared-ion
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displacement. The phonon information on Cd,As„
however, is rather scarce, being limited to a
knowledge of the average acoustic phonon veloci-
ties. One has v, =3.5 x10' cm/sec, attributed to
Lebourgeois in a footnote in Clavaguera's paper'
and verified by our own measurements, and

One can thus only hope for a very
crude estimate of the effect of the phonons on the
energy band structure. Considering this, we use
Ziman's estimate of the Debye-Wailer factor for
a monoatomic lattice '

—', g'G'T/MksBC, T & 80,
Wi(G =

8 g'G /Mks8v, T~&8v,

where we interpret M as being the average ionic
mass and 6D as a Debye temperature

8 =(ffv/k )(6v'N/V)' ',
where

V=[—,'(I/v', +I/v')] ' '

and V/N is chosen to be the average volume per
ion. We thus obtain 6D =200 K.

The band calculations are performed on the re-
duced reciprocal-lattice vector set (0, 0, 0), (1,1,1),
and (2, 0, 0) while using L6wdin's perturbation tech-
nique" on the other higher-energy reciprocal-
lattice vectors. We believe this to be sufficient
for our purposes. We use the As form factor of
Lin-Chung" and the Cd local form factors of Fig.
5 to get the following information:

= 1.0-1.4 eV/a. u. ,~ ~ ~ ~

BQ
(6a)

= (2. 1 3.5) x 10~ eV/K,~ ~aT . (6b)

E =12.6-13.6 eV, (6c)

A. Thermal dependence of the energy gap

where a is twice the effective fluorite structure
lattice constant (a =23.96 a.u. for Cd,As, ) and

E,=E(I'») —E(I', ) is the nonrelativistic equivalent
of the direct E(I;)—E(1,) energy gap. The value
of (sE,/s T), is found to be sensitive to the exact
value of 6~, decreasing by 40% on going from
Q~ = 200 K to OD = 250 K, and is thus essentially in-
dicative. The range of values associated with the
parameters of Eqs. (6) comes from the use of the
various Cd form factors in the calculations. The
direct energy gap varies between 0 and -0.8 eV.
E, is negative, thus implying an InSb-type electron-
ic band structure. But, as pointed out by Lin-
Chung, this is to be expected of a nonrelativistic
calculation on a simple crystal structure. Never-
theless, the small sensitivity of the above results
to rather dramatic changes in the energy gap
guarantees their indicative value even for an in-
verted band structure. A first conclusion can be
drawn at this point, namely, that the calculated
parameter E~ is in agreement with the fitted value
we have deduced from experimental evidence.

O. I

2.0

G/2k F

We wish to check the total change in the direct
gap between room temperature and low tempera-
ture. In order to do so, we must estimate the
change in lattice constant between the two temp-
erature extremes. This is done by fitting a simple
thermal linear-expansion model" to the available
room-temperature coefficient" of

IL
-Ol

C9

~O

-0.2

= ]..1 x ]0-s K
1 &a

a ~T p

In this model, one relates the change in lattice
constant to the average phonon energy (E) in a
Debye approximation

-03

FIG. 5. Some experimental data for the Cd atomic
form factor are reproduced from Refs. 17 (x) and 18 (b,).
The three pseudopotentials used are also plotted.

a —a0 D/T ~3'~(E)~ T' dx „a0 0 e"—1

where a, is the lattice parameter at absolute zero.
This yields a total lattice parameter change of

na/a0-2. 6 x 10 ~

for which the change in direct gap is found to be
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E,(300 K) —E,(0 K) =0.13-0.1V eV.

This is again somewhat insensitive to the exact Cd
form factor. It is, however, sensitive to O~ and

decreases by 20% on going from 0~=200 K to
8~=250 K. In view of the strong dependence of the
predicted temperature variations with OD one can
only conclude that our fitted value for the change in

E, between room and low temperatures is of the
right order of magnitude and sign. The thermal
dependence of the energy gap at room temperature
and constant pressure P can also be estimated

= 5 x 10-' eV/K
P

at room temperature. Thus, considering the very
approximate determination of (BE,/BT), in Eq. (8)
this last value for (BE,/BT)~ at room temperature
is compatible with the theoretical estimate. As a
corollary, this is also an indirect verification of
the presence of the residual gap and of its temper-
ature dependence.

B. Pressure dependence of the energy gap

'-'), =("'),(—::).(' ).
-6x 10 4 eV/K.

(8)

There is one last piece of information which can
be extracted from the simple band-structure cal-
culation. This is the pressure dependence of the
energy gap at room temperature

The first term on the right-hand side represents the
contribution from the lattice expansion and the
second, the contribution from the phonons. The
only possible check on this is from the work of
Radoff and Bishop" who measured the temperature
dependence of the 0.14-eV optical transmission
edge E„,in Cd,As„P, „alloys. Their findings lead
to

( --1.V &&10-4 eV K.QE
aT

There are three contributions to this derivative.
The first is from changes in the Fermi level caused
by changes in the gap; this was the only contribu-
tion considered by Radoff and Bishop. Second,
there is the effect of thermal smearing at the Fer-
mi energy (-2ksT) which was considered by
Aubin. " Lastly, there is the heretofore neglected
residual gap E„which changes as a function of
temperature and which affects the direct transitions
between the heavy-hole valence band and the con-
duction band (see Fig. 4). If one labels the valence-
band energy at kF as E„, one has

( (E~- 2ksT —E—„)

The term (BE„/BT)~ can be estimated to be

BE„E„(300K}—E,(0 K}=-5xl0'eV K ~

The value of d T-200 K in the denominator of Eq.
(9) is obtained by assuming that E„(T)—E„(0}is
proportional to a —a, [Eq. (7}]. One thus has

1.5 x 10 ' eV/K,
BEF

P

which can be related to the thermal change in the
energy gap through Eq. (4) of Ref. 1. We find

z
a z

One needs, however, an estimate of the compressi-
bility

This can be obtained from Ref. 21 which gives

K = p(vg —
3 vg),

where p is the mass density of Cd,As„namely,
6.21g/cm', and (v', ——,

' v', ) equals 9 x 10" cm'/sec. '
Consequently, one finds

~ ~

aE, - —1.'I x 10 ' eV/bar .ap

There is unfortunately no direct observation of this
parameter. The only pressure measurements are
those of Cisowski and Zdanowicz" and of Clava-
guera. ' These are piezoresistance measurements.
The question is then how to relate the energy gap
to their data. It was claimed by Cisowski and
Zdanowicz that the positive piezoresistance in
Cd, As, was directly related to changes in the
effective mass of the carriers induced by changes
in the gap. One should be careful, however, in
drawing quick conclusions from piezoresistance
data as there are other variables in the expression
for the resistivity of degenerate semiconductors
which are even more important than the mass. Re-
ferring to the general consensus that the dominant
scattering mechanism for Cd,As, at room temper-
ature is through optical phonons'" and to the
Zawadzki et al."formula for this contribution in
the elastic-scattering limit, one gets

2[m*(Ey)]2kgT 1 1
nA 'k F oo Q

where &„and &, are the infinite- and zero-frequency
dielectric constants, respectively, and E„is a
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factor which takes into account the symmetry of
the conduction-band electron wave functions. The
expression given by Zawadzki et al."is

E„=A+2[b'(~b —cv 2)' —(b'+ c')]B

+ ~3 [(b'+ c')~ —b'( —,'b —cd)']C,

TABLE I. Electron effective mass m*(Ez)/mp, Fermi
energy E&, Zawadzki F~ factor, and room-temperature
resistivity p~ calculated at a few values of the direct
energy gap Ep within the Kane model for n =2 &&10 cm18

A negative energy gap indicates an InSb-type electronic
band structure.

where Ep
(eV)

E~
(eV)

m*(E~)
%1p

pop

(pQcm)
A = 1 —(2/() ln( t'+ 1}+1/( $+ 1),
B= 1 —4/$+ (6/$') In(f, + I) —2/$( )+I),

3 9 3C= 1-—+ —,-~In($+ 1)+ t'(f. +1) '

g2 1/3 1/2
$=(2k~X,), A =

~( o),

is the screening length for a degenerate electron
gas. For an HgTe-type inverted band structure,
one has"

b'=( I/3 D)4 (Eo+E~),

c =(2/3D)(&+ & E~)~(Eo+ E~),
D = (n. + ,' E,')(a+ E—',)E~+ (n. + E,')'(E, + E„')

+ g (Eo+ EF)Er,
while, for an InSb-type band structure, one has"

b& = (I/3D}d,&EI

c =(2/3D)(A+ ~ lEol+ & E&}'E~,

D=(~+ ~ IEOI+ ~E~}(n+ IEol+E')(IEol+Er)
+ (d.+

l
E, l

+ E' )'E' + —,
'

( l
E,

l
+ E' )'E' .

Substituting the various known parameters of
Cd,As„ for n=2X 10' cm '

Cp 36 RIll 'E =12, '
we find

p„=0.376[m*(E~)/m, ]'E„(Acm) .
In Table I we have reproduced the parameters
m*(E~)/m„Ez, E„, and p„at a few values of
the direct energy gap E, within the Kane model.
As a consequence, the calculated resistivity would
be approximately 1.6 ~ 10 4 0 cm which is within
reach of the experimental values on the best single
crystals of cadmium arsenide. '" As Table I
shows, the dependence of the resistivity of Cd,As,
over the range of gaps considered is mostly through
the wave-function symmetry factors F„and to a
lesser extent on the effective mass m* (E~)/m, .
This is so only for a degenerate semiconductor since
F„hardly varies with E, for either type of band-
edge symmetry in a nondegenerate one. Care must
then be taken, when analyzing piezoresistance
data, to consider all the variables entering the
Zawadzki formula.

The more-detailed hydrostatic piezoresistance
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0

-0.05
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-0.15
-0.20
—O. 25
-0.30

0.150
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0.219
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0.267
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0.224
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0.163
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0.0451
0.0434
0.0421
0.0412
0.0406
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0.0406
0.0412
0.0420
0 ~ 0431
0.0445
0.0461
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0.247
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0.289
0.319
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0.426
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0.495

195
176
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157
157
164
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225
258
298
344
395

measurements p(P)/p(0) of Clavaguera' indicate
that the phenomenon in Cd,As, is nonlinear. In
fact, p(P)/p(0} is paraboliclike with a shallow
minimum around 2-3 kbar going to a value of 1.2
at 20 kbar. This general shape is not unlike that
of the calculated p(E, ) in Table I in going from 0.2
to -0.05 eV. It is thus tempting to associate a gap
variation of 0.25 eV with a 20-kbar pressure
change. This would imply that

(
GEO

BP r- —1.3 x 10 ' eV/bar .

This value is very close to the band calculation
prediction of —1.7 x 10 ' eV/bar. It should be
pointed out that the presence of a minimum in re-
sistivity as the energy gap decreases with pressure
is consistent with an observed maximum in mobility
as the gap is decreased by alloying Cd with Zn in
the Cd, „Zn„As, system. " One then expects to
find, from the above values of (BE,/BP)r, a band
crossing at pressures in the neighborhood of 15
kbar. Again looking at the piezoresistance data of
Clavaguera, one notes a small irregularity, a dip,
around 10-12 kbar. This suggests associating the
irregularity with changes in the numerous variables
involved in the expressions for the resistivity as
the energy gap goes through zero. This fine
structure would be the result of refinements on the
simple model calculation. The proposed value of
the pressure dependence of the energy gap is then

--1.8 x 10 ' eV/bar,(
8EO

BP
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which is consistent with both the general shape of
the piezoresistance curve and the irregularity at
12 kbar.

The anisotropy observed by Clavaguera is also
consistent with our band model. The peculiar shape
of the heavy-hole valence band is surely the re-
sult of a conduction-band-valence-band coupling.
The maximum in this band is in the (1,1,0) direc-
tion judging from Lin-Chung's calculations. " This
in turn implies a maximum coupling in the (1,1,0)
direction and thus anisotropy in the electronic
wave functions at the Fermi level. Indeed, Clava-
guera does observe a maximum uniaxial pressure
piezoresistance in this very direction.

IV. CONCLUSION

The present paper reinforces the view put forth
in our previous work that the electronic energy
band structure of Cd,As, is of the HgTe type.
There is thus a band reversal in Cd, gngs2 and
Cd, As„P, „alloys. Unfortunately, the degeneracy
of these alloys at the crossover point precludes any
spectacular anomaly in transport and optical prop-

erties. As suggested in Sec. I the first direct ob-
servation of this crossover may have been in Clav-
aguera's piezoresistance measurements. It may
also be possible to observe this crossover in an
appropriate alloy sample by magnetic susceptibility
and mobility measurements as a function of temp-
erature.

We suggest optical and Shubnikov-de Haas mea-
surements under uniaxial. pressure in order to
obtain information on the deformation of the heavy-
hole valence band dispersion and of the Fermi
surface. This may shed light on the interpretation
of Clavaguera's uniaxial piezoresistance data.

ACKNOWLEDGMENTS

The authors wish to thank Dr. Lin-Chung for pro-
viding them with the Stark and Falicov atomic-
form-factor table for Cd, and Dr. A. Lakhani for
measuring the velocity of sound of one of their
Cd,As, samples. One of us (J.-P. J-G) wishes to
express his appreciation for the hospitality of the
Departement de Physique of the Universite de
She rbrooke.

~Work supported by the National Research Council of
Canada.

)On leave of absence from Centre de Recherches sur
les Trbs Basses Temperatures, C.N.R.S., and Service
Basses Temperatures, Centre d'Etudes Nucleaires,
Grenoble, France.

~M. J. Aubin, L. G. Caron, and J.-P. Jay-Gerin, pre-
ceding paper, Phys. Rev. B 15, 3872 (1977).

D. Armitage and H. J. Goldsmid, Phys. Lett. A 28, 149
(1968);J. Phys. C 2, 2389 (1969).

3F. A. P. Blom and J.Th. Schrama, Phys. Lett. A 30, 245
(1969); F. A. P. Blom and A. Huyser, Solid State
Commun. 7, 1299 (1969).

E. D. Haidemenakis, M. Balkanski, E. D. Palik, and
J. Tavernier, J. Phys. Soc. Jpn. Suppl. 21, 189 (1966).

SL. M. Rogers, , R. M. Jenkins, and A. J. Crocker, J.
Phys. D 4, 793 (1971).

6M. Serginov, V. M. Muzhdaba, and K. K. Kiyatov, Fiz.
Tekh. Poluprov. 3, 291 (1969) fSov. Phys. -Semicond.
3, 246 (1969)].

H. Doi, T. Fukuroi, T. Fukase, Y. Muto, and K. Tan-
aka, Tohoku University, Sci. Rep. Res. Inst. A20, 190
(1969).

8I. Rosenman, J. Phys. Chem. Solids 30, 1385 (1969).
M. T. Clavaguera, J. Phys. Chem. Solids 36, 1205
(1975)
R. J ~ Wagner, E. D. Palik, and E. M. Swiggard, J.
Phys. Chem. Solids Suppl. 1, 471 (1971).

'~Following the empirical "3 rule" [M. Cardona and D. L.
Greenaway, Phys. Rev. 125, 1291 (1962)] obeyed by
several III-V compounds we have used 2 of the value
measured by V. V. Sobolev, N. N. Syrbu, T. A. Zyu-
bina, and Y. A. Ugai, Fiz. Tekh. Poluprov. 5, 327

{1971)[Sov. Phys. -Semicond. 5, 279 (1971)];and by
M. J. Aubin and J. P. Cloutier, Can. J. Phys. 53, 1642
(1975)~

W. J. Turner, A. S. Fischler, and W. E. Reese, Phys.
Rev. 121, 759 (1961);J. Appl. Phys. Suppl. 32, 2241
(1961).

~3P. L. Radoff and S. G. Bishop, Phys. Rev. B 5, 442
(1972) .

' S. L. Lehoczky, J.G. Broerman, D. A. Nelson, and
C. R. Whitsett, Phys. Rev. B 9, 1598 (1974).

~5P. J. Lin-Chung, Phys. Rev. 188, 1272 (1969); Phys.
Status Solidi B 47, 33 (1971).
See S. Auluck, Phys. Status Solidi B 74, K129 (1976).
M. L. Cohen and T. K. Bergstresser, Phys. Rev. 141,
789 (1966); T. K. Bergstresser and M. L. Cohen, ibid.
164, 1069 {1967).
R. W. Stark and L. M. Falicov, Phys. Rev. Lett. 19,
795 (1967).

~9S. C. Yu and H. Brooks (unpublished); see also Y. W.
Tsang and M. L. Cohen, Phys. Rev. B 3, 1254 (1971)~

I. Rosenman, Solid State Commun. 3, 405 (1965).
'L. Opilska and A. Opilski, Phys. Status Solidi A 35,
K183 {1976).
J. M. Ziman, in Principles of the Theory of Solids
(Cambridge U.P. , Cambridge, England, 1965), Chap. 2.

23P. Lo*wdin, J. Chem. Phys. 19, 1396 (1951).
24W. Trzebiatowski, F. Krhlicki, and W. Zdanowicz,

Bull. Acad. Polon. Sc. Chim. 16, 343 (1968); W. WJ'o-
darski, Appl. Phys. Lett. 26, 133 (1975).
M. J. Aubin, Phys. Rev. B 9, 833 (1974).
J. Cisowski and W. Zdanowicz, Acta Phys. Pol. A 43,
295 (1973); Phys. Status Solidi A 19, 741 (1973).
M. J.Aubin, Can. J. Phys. 53, 1333 (1975).



15 ENERGY-BAND STRUCTURE OF Cd3As2 AT LOW. . .

W. Zawadzki and W. Szymahska, Phys. Status Solidi
B 45, 415 (1971);W. Szymafiska, P. Boguskawski, and
W. Zawadzki, ibid. 65, 641 (1974).

~9K. O. Kane, in Semiconductors and Semimetals, edited
by R. K. Willardson and A. C. Beer (Academic, New

York, 1966), Vol. 1, p. 75.
These values for the dielectric constant have been found

to reproduce the experimental mobility data at room
and low temperatures [see J.-P. Jay-Gerin, L. G.
Caron, and M. J. Aubin, Can. J. Phys. (to be published);
and J.-P. Jay-Gerin, M. J. Aubin, and L. G. Caron,
Solid State Commun. (to be published)j.
M. J. Aubin and A. T. Truong, Phys. Status Solidi
A 13, 217 (1972).


