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Analysis of the experimental data on the temperature dependence of the electrical resistance of anti-
mony single crystals shows that three mechanisms play an essential role in the scattering of current
carriers: scattering by impurities and defects, intravalley acoustic scattering, and intervalley scat-
tering. The components of the magneto-resistance tensor are measured for single-crystal antimony
samples oriented along the principal crystallographic axes at temperatures of 77, 20.4, 14.5 and
4.2°K. Electron and hole mobilities and their temperature dependences are determined on the basis
of measurements of the magneto-resistance tensor components. The deformation potential constant

for electrons is estimated to be equal to ~ 6 eV,

THEORETICAL calculations'! and experimental
datat®7 permit us to explain in detail the energy spec-
trum of the current carriers in antimony. It has been
established that the Fermi surface of antimony consists
of three electron and six hole cavities which in many
cases can be approximated with sufficient accuracy by
ellipsoids located in the planes of reflection and
rotated about the binary axis C. by an angle of 6 for
electrons and about 30° for holes relative to the basis
plane. The electron cavities of the Fermi surface are
located at the points L of the Brillouin zone, and the
hole cavities three near each point T.
' Such a model of the energy spectrum has been used
with success for the interpretation of the results of
galvanomagnetic phenomena in weak magnetic fields in
the region from nitrogen to room temperature in["’g],
where the components of the electron and hole mobility
tensors have been completely determined and the tem-
perature dependence of the mobilities in the given
range of temperatures has been established.

The galvanomagnetic effects in antimony have been
studied frequently also at liquid helium tempera-
tures;! !>} however, the analysis of the results in
has been carried out on the basis of the isotropic two-
band model while the other researches have been de-
voted to the consideration of individual particular
questions, for example, the temperature dependence of
the anisotropy ¢f the magnetoresistance in strong
magnetic fields'*®) or quantum phenomena in pulsed
magnetic fields.[**]

The detailed study of classical galvanomagnetic
effects at temperatures below nitrogen temperatures
are lacking in the literature. Information on the tem-
perature dependence of the components of the mobility
of the electrons and holes below 77°K is also lacking.

In the present research, an investigation has been
made of the magnetoconductivity tensor of antimony
for nitrogen, hydrogen and helium temperatures in
strong and intermediate magnetic fields, and an analy-
sis of the experimental data has been carried out on
the beam of formulas derived for the galvanomagnetic
coefficients within the framework of the multiellip-
soidal model.

[11,12]
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1. THEORY

For the interpretation of the experimental results,
we used the expressions for the electric conductivity
tensor in a magnetic field. This tensor can be obtained
within the framework of the multi-ellipsoidal model of
the energy spectrum of electrons and holes. We shall
assume that the electron and hole cavities of the Fermi
surface of antimony can be approximated by ellipsoids,
although they (in particular, the hole surfaces) generally
have a more complicated shape.[%%7]

As usual, we shall introduce a set of coordinates
with axes directed along the principal crystallographic
directions (axis 1 along the binary axis, C,, axis 2
along the bisector of the angle between the two binary
axes, which lies in the plane of specular reflection and
is perpendicular to the threefold axis C,, while the
axis 3 is directed along the axis C; of the crystal),
The ellipsoids lie in reflection planes and are turned
about the binary axis by the angle ¢ (¢ for electrons,
sp for holes) relative to the basis plane. The number
of electron ellipsoids is equal to three, the number of
hole ellipsoids to six, but since the hole ellipsoids
pairwise make the same contribution to the electric
current, we can tentatively assume that their number
is three. We shall further assume (unless otherwise
mentioned) that the electron concentration is equal to
the hole concentration: N =n = p,

If we introduce phenomenologically the relaxation—
time tensor, which is diagonal in the coordinate axes
of the mass ellipsoid (this is correct for not too aniso-
tropic scattering mechanisms!*> ') even with account
of the anisotropy of the phonon spectrum!*”) then,
solving the kinetic equation in a fashion similar to what
was done in the work of Harman, Honig and Tarmy,[**]
and taking it into account that for strong degeneracy of
the gas of current carriers the averaging over the
distribution function reduces to the substitution of
T(eg) for 7(€), where €F is the Fermi energy, one
can obtain an expression for the components of the
electric conductivity tensor in a magnetic field. Such
expressions for the components of the magnetoconduc-
tivity tensor are valid, however, only for elastic scat-
tering mechanisms, and also in the case of not very
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strong inelasticity, for example, in low-temperature
acoustic scattering (which leads in the isotopic model
of a metal with one type of carrier to the T® law for re-
sistance). In the case of strong inelasticity (for exam-
ple, for intervalley scattering), even if one introduces
the relaxation time, it turns out to depend strongly on
the energy near the Fermi energy €, and the averag-
ing over the distribution function cannot be reduced to
the substitution 7(€) — 7(eF).[** Here, in the expres-
sions for the components of the magnetoconductivity in
terms of the mobilities, coefficients of the order of
unity should appear, similar to the case of a nonde-
generate gas. As is discussed further in the experi-
mental part of the present paper, intervalley scatter-
ing can play a significant role in antimony even at
liquid-nitrogen temperatures; therefore, the interpre-
tation of the experimental data with the help of the cited
formulas can lead to noticeable difference between
calculation and experiment (of the order of several
dozen percent).

Comparatively simple expressions for the compon-
ents of the electric conductivity tensor in a magnetic
field are obtained only in cases in which the magnetic
field is oriented along the principal crystallographic
directions. It is convenient to express the components
of the electric conductivity tensor in terms of the
components of the electron and hole mobility tensors
u and v, which are defined by

i = e, V= eami, 1)

where e is the electron charge and /! is the recipro-
cal of the effective-mass tensor. For the ‘‘principal’’
ellipsoid, one axis of which coincides with the axis 1,
and the other two are turned relative to the axes 2 and
3 by the angle #, the tensor i has the form

Lp o0
0 pe pa | (2)
[UNTRTH

where ()= iy, o= (hog, 3= Hag, ha= fhog = Pgz iN
agreement with the usual notation; for the other two
ellipsoids the tensor are obtained by rotation through
+120° about axis 3.

We write down the results for the electric conduc-
tivity tensor in a magnetic field oriented in the princi-
pal crystallographic directions.
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(Here f(u)=3u1ks+ Uokts ~ hi, @(K) = B2y — B,
and by (4 — V) are meant terms obtained from the
substitution u — v.) The remaining components are
equal to zero. We call attention to the components 04
that are even in the magnetic field (in the following,

we denote these by oIl in contrast with the odd ones
ogs), which is admitted by the symmetries of the anti-
mony crystal and is connected with the inclination of
the electron and hole ellipsoids relative to the axes of
the crystal (the contributions to them are proportional
to 44 and vy).

In strong magnetic fields the quantities
(), /1 (1)@ (), !/if (v) > H,

-2 —!

2
Oy ~ , Oz~ y Cas ~ .

In the presence of a small difference in the concen-
tration of holes and electrons, AN = p — n, in suffic-
iently strong fields there is a significant contribution
due to this increment (see!?®] and the experimental
data on bismuth in[“]), and the nondiagonal component
0,3 has the form

1 ANe Nep 4 8
A R [W) 2y — v]. Q)
n_ Nerm A
N A Cadl § @)

The transition from the components of the tensor p to
the components of the tensor 0 is found from the defi-
nition 0p = 1.

2) H 1 C; !l 2. In this case, all the six independent
components of the electric conductivity tensor in a
magnetic field are different from zero:
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Taking into account the difference of the concentrations
of the electrons and holes, we have
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3) H|C I 3.
Ha(pa 4 p2) (Vi 4 va)

Oy =0'22=8N[1

+ wapHe* A v HY ]’ (16)

_ _ bij ViV Malhs

0= —ou=eN= ( TFviie 1+ WZHZ/&) a7
_ _ }h!JAsz/cz viveH?fc?

O =eN ( B T pmBE T T Th vl ) (18)

In Strong fields, LilhaV Vo > CZH‘Z, o~ H-z, 12 ™ H_s,
043 ~ H®, With account of the lack of compensation of
electrons and holes, we have

__ eANc c? 1 1 (19)
Ou= H eNH’( Ptz - ViV )
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2. EXPERIMENTAL RESULTS AND THEIR
DISCUSSION

The galvanomagnetic effects have been investigated
for single crystal samples of SbI (j II C,),
SbII (j ! Cz) and SbIII (j Il C3), oriented along the
principal crystallographic axes: the bissector C,, the
binary C,, and the trigonal C; (j is the current
through the sample).

The orientation of the samples was carried out along
cleavage planes with an accuracy to 2°, The samples
were cut from a single monocrystal and submitted to

etching in an HF solution with a small addition of HNQ;.

The dimensions of the samples were: SbI—50 X 3.8

X 2.8 mm, Sb III-50 X 3 X 2.4 mm and SbII[-28 x 2.5
X 2.1 mm. The measurements were carried out at
constant current at temperatures of liquid helium,
liquid hydrogen, and liquid nitrogen. The purity of the
samples studied could be deduced from the ratio of
electric conductivities in the absence of a magnetic
field ro, = 0°(4.2°K)/0°(293°K), which amounted to 2460
for SbI, 2740 for SbIl, and 1810 SbIIl.

Figure 1 shows the temperature dependence for the
components of the electric conductivity tensor in the
absence of a magnetic field, ¢?,, 03,, 03;, measured on
the samples Sbll, SbI and SbIIl, respectively. All the
components of the electric conductivity in the range of
temperatures 300--1.5°K increase strongly with de-
crease in the temperature (in the middle part of the
interval ~T %), and below 10°K they reveal a tendency
toward saturation. Here (as it should be in correspond-
ence with the symmetries of the antimony crystal),

09, =03, over almost the entire temperature range
except for helium temperatures, where the scattering
of the current carriers by impurities and defects be-
gins to dominate over the acoustical scattering, and
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FIG. 1. Temperature dependence of the components of the electric
conductivity tensor 69, (), 05, (X), 03,(A), measured on the antimony
single crystals Sbil, Sbl and Sblll, respectively.

where the individual properties of the samples appear,
while the data obtained on the different samples (which
differ, for example, in the ratio r,) become not com-
pletely comparable. Thus, for example, in the liquid
helium temperature range, the ratio ¢3;/09%,, which had
a value of 1.3 for 77°K in agreement with the literature
data,“’"’] becomes less than unity. For the determina-
tion of the true anisotropy of the electric conductivity
g3;/09,, it is necessary to measure 03; and o9, on the
same specimen. Such measurements on a square sam-
ple with dimensions 8.4 X 8.4 X 0.4 cmm and ratio

ro = 2690 showed that upon decrease in the temperature
from nitrogen to helium values the anisotropy of the
electric conductivity ¢9;/09, did not really decrease
but rose weakly from 1.3 to 1.4.

The temperature dependence of the electric conduc-
tivity of antimony, which is shown in Fig. 1, shows
that the resistance is determined by the scattering of
the carriers by the phonons over a wide temperature
range.

Comparison of the temperature dependence of the
electric conductivity and the Lorentz number!®! shows
that the principal role in the scattering of the carriers
in antimony is played by the inelastic scattering mech-
anisms: in the temperature range from 4 to 10°K—~
intravalley scattering of the carriers, from 10° to
100°—intervalley scattering. We attempted to describe
the temperature dependence of the resistance of anti-
mony by means of the isotropic model, in which ac-
count is taken of the contribution made to the resist-
ance by the three components p,;, p, and p;, which
correspond respectively to the scattering of the car-
riers by the impurities and defects and to the acoustic
intravalley and intervalley scattering.

Figure 2 shows the experimental temperature de-
pendence of the resistance compared with the value
computed on the basis of such a model, which actually
assumes the presence of a single group of carriers.
The component p;, which corresponds to the residual
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FIG. 2. Temperature dependence of the resistance p®XP—experi-
ment, p—total calculated curve (p = p; + p, +p3).
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resistance, was estimated from experimental data at
helium temperatures, where the curve p®%P tends
toward saturation, p, ® 108 ohm-cm. The component
p» for the intravalley scattering was computed from
the Gruneisen-Bloch interpolation formula:

pa=4p(8.)(T/8))*
X 1,(8:/T) | 1s(1),

where the matching coefficient is A = 0.26; the effec-
tive Debye temperature @, corresponds to double the
Fermi momentum and is equal to 25°K in the isotropic
approximation;!?®) 5(@,) is the experimentally deter-
mined value of the resistance T = @, (for tables of the
Gruneisen-Bloch function, see, for example,[?]).

The component p; corresponds, according to our
assumption, to the intervalley scattering of the car-

ri?r? and can be estimated from the formula given
s 19
in* ™

Ao 1 haoo
p;=B/th'§k—o-7-‘—(1+?ch'kn—T),
where the coefficient B, in addition to the constant that
is contained in'*®), also takes into account the summa-
tion over all valleys of the multi-ellipsoidal model,
and w, is the frequency of the phonon which produces
the intervalley transition.

According to our estimates,[?) the characteristic
Debye temperature for intervalley scattering hwo/k,
~ 100°K; the coefficient B was chosen to match and is
equal to 107 ohm-cm. It is seen from Fig. 2 that the
agreement of the experimental and computed curves is
entirely satisfactory; consequently such an analysis,
although rather rough, confirms the assumption that
an appreciable contribution is made by intervalley
scattering to the resistance of antimony at tempera-
tures above 10°K.

The experimental results from the investigation of
the magnetoconductivity of antimony at an orientation
of the magnetic field along the principal crystallo-
graphic directions are shown in Figs. 3—-5. The de-
pendences on the magnetic field are also shown in
these figures for the various components of the mag-
netoconductivity tensor at the temperatures 77, 20.4,
14.5, and 4.2°K, computed from the experimentally de-
termined components of the magnetoresistance tensor.
The calculation of the components of the tensor from
the components of p is comparatively simple for
H i C; and H Il C3; in the case H i C,, the simplifying
formulas

Oss = 1/933, Oy = 1/911, O =~ Pu/PuPaa,

are used. These can be employed in the limiting cases
of very strong and very weak magnetic fields if the
additional conditions p10; > P22, 012P23 < P13P2p ATe
satisfied for the strong fields, and Apy; = P11 = Po > Pls,
APas = Pas — Po > P, for the weak fields. As estimates
show, these conditions were satisfied for helium and
hydrogen temperatures when the case of a strong field
was important and below 10 kOe for 77°K, when the
criteria of a weak field were used.

The experimentally observed dependences of the
components of the electric conductivity tensor on the
magnetic field are given in Table I. For hydrogen and
helium temperatures they are close to the theoretical
dependences for the case of strong magnetic fields.
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FIG. 3a. Dependence of the components of the electric conductiv-

ity tensor on the magnetic field at 77°K. Points—experiment, solid lines—
calculation.
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FIG. 3b. The same as in Fig. 3a, but at 20.4°K.
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FIG. 3c. The same as in Figs. 3a and 3b, but at 4.2°K.

At helium temperatures in the range of very strong
fields (> 20 kOe), the Hall components of the electric
conductivity tensor, at the magnetic field orientations
HiICs(02) and H Il C, (cga), change according to a
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FIG. 4. Dependence of the Hall conductivity 0,5 (H || C;) on the
magnetic field at temperatures 20.4 and 4.2°K. Points—experiment;
solid lines—calculation).

H, kOe
T T T T T T
o\ 4640 2w ]
L |
Vd _—.\, EV/ad
\
L") \ TE
b 4 L 7 b
—E 7 \‘ BV i -g
5 N
q .
& )\“%f
RN T
w3k o Jm?
s o, Yoz HiL, Iy
%6y Hill =
< N\ }\si
1 1 il 5

-1 Lo lolad |
I Y681 203 H xoe

FIG. 5. Dependence of the components of the electric conductivity
tensor on the magnetic field for 14.5°K. Points—experiment; solid lines—
calculation.

law that is close to H™*(¢,, ~ H!*! and 023 ~ H'1),
Such a dependence of the nondiagonal component of the
magnetoconductivity tensor indicates incomplete com-
pensation of the contributions of hole and electrons,
i.e., violation of the equality of concentrations of elec-
trons and holes. This phenomenon has already been
observed previously in pure samples (with a ratio rg
= 0°(4.2°K/0°(300°K) =~ 3600) in{*?!, From the linear
portion of the plot of ¢,, ~ H'or 0£3 ~ H™! one can
compute the difference in concentrations AN =p - n
(in our samples AN > 0 always), which turned out to
be equal to 5% 107* N for the sample SbI, ~3x 10™* N
for the sample SbIl, and ~1 x 10" N for the sample
SbIIl (N = 7 (n + p)), in qualitative agreement with the
change in the ratio of electric conductivities r, which
characterizes the purity of these three samples.
(In'*¥ the value AN~ 2 x 107° N was found.) A small
difference in the concentration of electrons and holes
has a very significant effect on the thermomagnetic
phenomena in strong magnetic fields, which will be
discussed by us in a subsequent article.

In the liquid-nitrogen temperature range, the non-
monotonic dependence of the nondiagonal components
of the electric conductivity on the magnetic field and
the weak change in the diagonal components (the ab-
sence of a quadratic fall-off) in fields up to 15—20 kOe
indicates the inapplicability of the strong-field approx-
imation. For comparison with theory in this case,
one should use the complete formulas (3)—(6), (9)—(14),
(16)—(18).

Using data on the dependence of the components of
the magnetoconductivity tensor on the magnetic field
(and also the values of the components of the electric
conductivity tensor without a magnetic field), we have
carried out a complete analysis of the experimental
results and determined the components of the mobility
tensors for electrons and holes at the temperatures
77, 20.3, 14.5, and 4.2°K.

Table I. Dependence on the magnetic field of the components
of the electric conductivity tensor for different temperatures
and orientations of the magnetic field
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H| Cy H|C: H|Cs
T, °K . Experi- h o Experi- | o Experi-
ij ment eory ij ment eory i ment Theory
51 ~ H™? H™ G2z H—l,’ H~-? G11 H-1,9 H—B
Gs3 ~H™? | H? Gs3 H-18 | H-2 Goa H-1,9 H-?
20.4 — — — sgg H~%5 H-3 o1z H-27 H-3
_ _ _ | 51,; | H~? H- — — -
_ _ _ G H-19 H- 611 H-1,98 H-3
— - - s —_ H~2 Gz H-1,9 H-%
14,5 - bl — 5;3 H-22 H-3 o1z H-%8 H-s
- - — | sty | B | B2 — — -
on ~H™ | H? Goa - H-v81 | H-2 on H-? H-3
a3 ~H™ | H™? Sa3 H-? H- G2 H-1,88 H2
o —_ — — 5:3‘ H-28 H-3 S12* H-%2 H-®
- — — cés" H-1.1 H-1 Grg** H-11 H-1
. . _ | Glzg ] H-2 H- — — —

*For H < 10 kOe, when there are no uncompensated holes and electrons.
**For H > 20 kOe, when lack of compensation of electrons and holes in observed.
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We have made the following simplifying assump-
tions:

1. The angles of inclination of the electron and hole
ellipsoids were assumed to be known and independent
of the temperature. The values used were $¢ = 6 and
Sh = 26°, and were obtained from other galvanomagnetic
studies®®] (the value ¢}, = 26° did not agree, generally
speaking, with the theoretically calculated value 4y
= 49°1) and with the value sp = 36° obtained from cy-
clotron resonance,'®!, the Shubnikov-de Haas effect!?
and ultrasonic absorptionm, probably owing to the
considerable deviation of the shape of the hole cavities
of the Fermi surface from ellipsoidalm ); we took the
value obtained from galvanomagnetic data, assuming
that suitable allowance has been made for the averag-
ing over the Fermi surface that is characteristic for
galvanomagnetic phenomena: the sign of the angle of
inclination was taken to be the same as inf®®%%?!],

2. The number of electrons was assumed to be
equal to the number of holes (except for the cases
stipulated separately), independent of the temperature
and equal to n =p =N =4 x 10" cm™® (this is approxi-
mately the average value from the data encountered in
the literature (see Table 6 in!®! and also!*?})).

The first assumption allows us to eliminate the non-
diagonal components (relative to the crystal axes) in
the mobility tensor, using the formulas

e = /o (pe — ps) tg 20, vie=12(ve— vs) tg 20,

At hydrogen and helium temperatures, when the
condition of a strong magnetic field is satisfied, we
can use in the estimates of the components of the
mobility the limiting expressions for the galvanomag-
netic coefficients, in which additional simplifying ap-
proximations are used of the form p,, uy K g, pg;

Vg, Vg K V4, V3, and so on; finally, the components of
the mobility tensors were matched by means of a high-
speed computer so as to fit in the best way the experi-
mental results.

At a temperature 77°K, the condition of a strong
magnetic field was not satisfied, and it was necessary
to use the general expressions for the galvanomag-
netic coefficients. As initial estimates of the compon-
ents of the mobility tensors of the electrons and holes,
we used values averaged from the data of!®°®] ; however,
subsequent variation of these quantities did not lead to
an essential improvement of the agreement between
calculation and experiment; therefore just these values
were used by us as the experimentally determined
values of the mobilities at 77°K.

Finally, the results were converted to the mobilities
on the axes of the ellipsoids, in which, by assumption,
the mobility tensor is diagonal:

1 1 pe— s
7 [— — ——
R = Wy, I‘«z1—""2 (Hz+l‘«ai+ 2 cos20, ' (20)
I—-_— — — ”2 l“"’
w' =g (bt ) —

The data on the mobilities of electrons and holes for
various temperatures are given in Table II.

The accuracy of the determination of the compon-
ents of the mobility can be estimated at 10—-20% (it is
estimated by variation of the mobility components
when matching the computed data on the magnetocon-
ductivity to experimental with a high-speed computer).

Table II. Components of the mobility tensors
along the axes of the ellipsoids for electrons
u{ and holes v; (in units of 10*cm?/V-sec)

T,.°K [T1d "' ns’ v vy vy
77" 138 | 0,032 1.29 2.44 0.186 1.81
204 {135 0.6 6.4 55 8.3 46.3
145 |30 27 . 10 148 59 115
42 |75 18 26 1535 440 1120

*Averaged data of Oktii and Saunders [®] and Kechin [°].

In Figs. 3—5, the solid lines show the computed
curves obtained by means of the values of the compon-
ents of the electron and hole mobilities, given in Table
II. A comparison of the computer curves with the ex-
periment at 77K is shown in Fig. 3a. Best agreement
is obtained for the most symmetric orientation of the
magnetic field H II| C3; in the other cases the depend-
ences are given correctly but there are quantitative
divergences reaching the values

e 1 calc "
Onsloss 7 14, ohfon =~ 2 for H|C,,

05lo ™~ 2.3 for HjC..

The significant departure of the curve 0513 from experi-
ment (Fig. 3a) for H I C; in weak magnetic fields is
probably explained by failure to take into account the
effect of nonequipotential location of the contacts for
H=0.

Best agreement of the computed results with experi-
ment is obtained at a temperature of 20.4°K; the great-
est departure is at 4.2°K. This is understandable, since
the mobilities were determined from measurements
on three samples which have different residual resist-
ance at 4.2°K. At T = 20.4°K, the scattering mecha-
nism was the same for all three samples, i.e., phonons.

This condition is violated somewhat at 14.5°K, which
leads to some worsening of the agreement of theory
with experiment. Therefore, the coefficient of aniso-
tropy at 4.2°K, determined from measurements on two
different samples SbI (SbII) and SbIll, was different
from the coefficient of anisotropy determined on the
square sample, In the selection of mobility components
for the temperature 4.2°K, the true value of the coeffi-
cient of anisotropy, measured on the square sample,
was taken into account. By virtue of the rather signifi-
cant divergence in the values of the residual resistance
for the samples SblI, SbIl and SbIII at 4.2°K, the errors
in the determination of the mobilities were extremely
large.

As at TT°K, the best agreement of experiment with
calculation is obtained at hydrogen temperatures for
the case H I Cs.

In the calculation of quantities which refer to the
temperatures 4.2 and 14.5°K, the weak lack of compen-
sation of the concentration of the electrons and holes
was taken into account. The effect of this was dis-
cussed above. The uncompensated value AN was de-
termined experimentally from the Hall component of
the electric conductivity tensor in very strong magnetic
fields (where the dependence ~H™'is satisfied). Esti-
mates according to (19) show that in the expression
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for o,, (H Il C3), the term proportional to H™, i.e.,
brought about by the lack of compensation of electrons
and holes, begins to dominate over the term ~H™® in
fields exceeding 12 kOe at 4.2°K and at 20.4°K in fields
exceeding 140 kOe.

At T = 20.4, the computed values of the magneto-
conductivity tensor were determined from the general
formulas, since in the given case, for H < 10 kOe, the
condition of strong field is not satisfied.

From the values of the mobilities, one can compute
the anisotropy of the magnetoresistance (see Table III).
In this table, our results are compared with the data
of (%21 " in which a change was observed in the aniso-
tropy of the magnetoresistance of antimony in the tem-
perature range from 77 to 4.2°K. Since the asymptote
of the transverse magnetoresistance in strong fields is
the same for all directions (p ~ Hz), one can charac-
terize the anisotropy of the magnetoresistance by the
ratios py; (H 1 C1)/p1s (H 1l Cs), P2z (H I C2)/paz (H 11 Ca)
and_ pss(H I C1)/pss(H 11 Cz).

It is seen from Table III that in the transition from
20.4 to 4.2°K, a significant change takes place in the
anisotropy of the magnetoresistance, in accord with the
data of!'*»?%], However, the explanation of this circum-
stance, as is seen from the column ‘‘computed’’ of
Table III, can be found not in the change of the energy
spectrum, proposed 'm[’s], but in the change of the
components of the mobility tensor as a consequence of
the replacement of the thermal scattering mechanism
by the impurity mechanism,

Bogod, Verkin, and Krasovitskii [*! observed a
size effect at helium and hydrogen temperatures, which
consists of a dependence of the exponent in the power-
law dependence of the resistance on the magnetic field
and the anisotropy of the magnetoresistance on the
dimensions of the sample., Since the dimensions of our
samples were close to those of the ‘bulk’’ samples
of!®] one can assume that the size effect was not
significant in our measurements. Thus, a comparison
of the experimental data with those calculated by the
formulas of Sec. 1 reveals an agreement with the
multi-ellipsoidal model of the energy spectrum for the
corresponding relaxation time tensor.

Although the effect of inelasticity of the scattering
is less for the electric conductivity than for the
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FIG. 6. Temperature depen-
dence of the components of the
mobility along the axes of the
ellipsoids for electrons pj and
holes v;.
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Lorentz number, an appreciable divergence between
experiment and theory can be expected for the mag-
netoresistance in this case if the Lorentz number!(?!
changes by 20—30% because of inelasticity of the type
of intervalley scattering. In this way one can explain
the rather unsatisfactory agreement between experi-
ment and calculation for 77°K, when the effect of in-
elasticity, due to intervalley scattering, is maximal.

Figure 6 shows the temperature dependences of the
components of the mobility tensor. It is seen that the
slope of the temperature dependence is different for
the various mobility components, and for the compon-
ents p, and v, (i.e., for the components along the
direction of the elongated electron and hole ellipsoids)
the temperature dependence is very strong.

In the case of two scattering mechanisms, we can
write for the components of the tensor of the reciprocal
relaxation time

1 = 1/v+ 1/“114.

where 7, is the relaxation time for the intervalley

scattering and T’l‘ | are the longitudinal and transverse
b

Table III. Dependence of the anisotropy of the magnetore-
sistance on the temperature under strong magnetic field

conditions
ou(H I C)/pn(H | Cs) P (H [} C2)/p2a(H || Ca) ps(H || C1)/pss(H || Ca)
T, °K Data of| Com- Data of|Data of| Com- Data of| Com-
Our data ] .’1 puted Our data #1e [ 71 ** | puted Our data *1* | puted
77 *** 2 0.8 3.6 2.2 3.2 4.1 1.3 1.25 1.8
20.4 4.8 1.95 43 3.4 23 4 43 1.8 1.75 | 27
145 4 I 1.9 2.1 3 1.9 1.9 1.8
4.2 23 0.9 1 0.7 6.8 1,5 0.9 1.4 1.35 1.3

*Sample with ratio rp = 730 and dimensions 1 X 1 X 10 mm.
**Sample with ratio r:, = 1650 and dimensions 4 X 4 X 25 mm.
***For 77°K, the anisotropy of the magnetoresistance was measured in a field H = 30
kOe, when the strong magnetic field condition was no longer satisfied. Calculation of the
anisotropy of the magnetoresistance for 77°K was also satisfied for H = 30 kOe.
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components of the relaxation time tensor for intravalley

scattering (here we shall approximate the carrier
ellipsoids in antimony by ellipsoids of revolution).

In the Herring approximation, ?! the relaxation time
for intervalley scattering can be regarded as isotropic
If we assume that 'rllI > 71, then the contribution of

intervalley scattering turns out to be more substantial
in the longitudinal case than in the transverse, which
leads to an increase in the exponent of the temperature
dependence of the corresponding component of the
mobility.

The temperature dependence of the electron mobility
s~ T"'2 is close to the theoretical value without ac-
count of intervalley scattering (T™'), which permits us
to estimate the constant &, of the deformation potential
from the formula (see!*®))

Yary'fa 2
_ 2hg'hepy : (21)
3ms* (my*ma*ms*) ok, TGhE |2

10

where e is the electronic charge, p the mass density
(for antimony, p = 6.7 g/cm?®), v the speed of sound;
¢ =0%(37°N)”%/2mg is the chemical potential of the
electrons, ma the mass density of states. The esti-
mate (with use of the isotropic value for the sound
speed v = 2.5 X 10° cm/sec?) gives &, = 6 eV, which
is approximately three times larger than the value of
?5’,[ S]omputed from the lattice thermal conductivity
in'?3, .

In conclusion, the authors express their gratitude to
S. S. Shalyt for his initiative conducting the present
investigation and useful advice, to I. Ya. Korenblit for
valuable remarks and fruitful discussion of the results,
and V. V. Mikhailov for help in the programming for
the highspeed computer.
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