
tained at smaller x,, when the influence of scattering 
by the residual gas  becomes important. Then the em- 
pirical function D[$((Y, x,)] is a generalization of the 
coefficient of diffusion to the case of small  x,. 

If in (9) we average p2 and take into account the fact 
that 2$ =a, +a, y, y = sin2a, then the solution to Eq. 
(9) with the obvious boundary condition n ( k ,  t) = O  will 
be 

where J, is the Bessel function of the first  order. The 
escape rate (i. e., the counting rate) is determined by 
the function (&1/8y),.,, and its decreasing p a r t  is ap- 

proximately described by the equation 

I (y,, t )  =A exp (-k12t), k,2=3.68a,?ij2D (ye)  . 
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The change in the anisotropy of the Fermi surface in the 
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The oscillatory and galvanomagnetic effects arising in the p-type semiconducting alloy B&,Sb,, on going 
over into the gapless state (GS) under pressure at liquid-helium temperatures have been investigated. As 
the GS was approached in samples of the alloy with "lightv-hole concentrations -10'' cm-', Shubnikov 
oscillations were observed in the entire angle range as the magnetic field was rotated in the binary- 
bisector and bisector-trigonal planes, and this allowed the complete reestablishment of the shape of the 
hole Fermi surface. It is shown that, in the first approximation, the hole Fermi surfaces at the L point in 
the investigated alloy are highly anisotropic ellipsoids, the anisotropy of the ellipsoids increasing 
appreciably in the transition into the GS. The data obtained are discussed on the basis of the Abrikosov 
theory of the band spectrum of materials of the BI type. 

PACS numbers: 72.15.Gd, 71.25.Hc, 71.2S.Tn 

1. INTRODUCTION 

A characteristic property of the energy spectrum of 
Bi and the alloys Bii,$b, (x< 0.2) is the smallness of the 
direct gap cgL at  the L point of the reduced Brillouin 
zone. The band structures of Bi and Sb at the L point 
a r e  mutually inverted["51; in the Bii,$b, alloys the in- 
version of the terms at the L point is removed a s  x  is 
increased, a s  a result of which a gapless state (GS: cgL 
-0) is realized a t  some x = x o .  The most probable val- 
ue of xo i s  roughly 0.02. 

The smallness of the gap cgL leads to highly nonpara- 
bolic electron and hole spectra at the L points in Bi and 
the alloys Bii,$b,. Several models for the energy spec- 
trum of the carr iers  at L have been coexisting right up 
to the present time. C7-93 

In the coordinate system fixed to the ellipsoid at L the 
Lax dispersion law has the formc7' 

where the mi a r e  the masses a t  the bottom of the band; 
these masses satisfy the relation 

where the Mi a r e  the Kane matrix elements. 

It is known from experiment that the electron masses 
in the directions of the short semiaxes (x, y) of the el- 
lipsoids a r e  much smaller than the free-electron 
 mas^,['^"^^ from which it follows that m,,,/mo= sgL/  
2 I M,,, 1 2 .  Lax assumed that in the direction, z, of 
elongation of the electron ellipsoids the mass m, at  the 
bottom of the band depends similarly on the gap cgL.  

According to the Lax model (see (1) andc7'), the elec- 
tron and hole constant-energy surfaces at L a r e  strictly 
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ellipsoidal, the electron and hole spectra a r e  mirror  
spectra, and the anisotropy of the Fermi surface a t  L 
is determined by the anisotropy of the corresponding 
matrix elements Mi and depends neither on the gap t,, 
nor on the Fermi energy EF. The Lax spectrum is not 
sensitive to the sign of the gap E,,, SO that the disper- 
sion laws for the carr iers  both in the case of the in- 
verted spectrum and in the case of the normal spectrum 
a r e  identical. 

 ohe en''] has suggested that the electron and hole 
masses a t  the bottom of the band in the direction of the 
short semiaxes, mx,y, a r e  determined by the gap c,,, 
while the masses, m,, in the direction of elongation do 
not depend on &,, and a r e  determined by the distances 
to more remote bands. In the general case the electron 
and hole masses, me, in the direction of elongation do 
not coincide, so that the corresponding spectra in the z 
direction a re  not mirror  spectra. 

The constant-energy surfaces in the case of the Cohen 
spectrum a r e  not strictly ellipsoidal. The anisotropy of 
the quasiellipsoids now depends on both cF and &,,, and 
should increase sharply a s  the latter quantities decrease. 

The most detailed theoretical analysis of the electron 
and hole spectra at the L point in Bi-type materials has 
been carried out by ~ b r i k o s o v ' ~ ~  on the basis of the 
theory developed in't3'. In the general case the disper- 
sion law for the electrons and holes at L has the formcg1 

Here the directions of the x and y axes coincide with the 
directions of the short semiaxes of the quasiellipsoids 
(the x axis is parallel to the binary axis), while the z 
axis coincides with the direction of elongation. The 
quantities in1, m2, v,, and v, a r e  constants of the spec- 
trum; Y, and v,, which have the dimension of velocity, 
a r e  analogs of the Kane matrix elements M, and M, 
(see (2)). 

The character of the spectrum is determined by the 
magnitude and sign of the parameter y - y 0: the case 
y - yo > 0 corresponds to the normal spectrum, the case 
y -yo<  0 corresponds to the inverted spectrum, and GS 
is realized at y - yo= 0. If we measure the energy from 
the bottom of the conduction band at L, then from (3) we 
obtain for the electron spectrum in the y - yo>O case the 
expression 

where in* = (l/ml + l/m2)-' is the electron mass in the 
direction of elongation and m** = (l/m2 - l/mi)-l is the 
hole mass in the direction of elongation (according to 
Abrikosov's calculations, m2 < mi, s o  that m** > m*). 
The expression (4) formally coincides with the analogous 
Cohen relation for nonmirror spectra. [" 

It follows from (3) that, for y -yo > 0, the electron 
and hole dispersion laws in the z direction (p, =p,= 0) 
a r e  parabolic. At the same time, the spectrum in the 
direction of the short semiaxes (x, Y )  of the Fermi sur- 
face is highly nonparabolic, and retains the Lax char- 

acter. The sign of the gap parameter (y - y,) does not 
play a role in the latter (p ,= 0) case (see (3)). From 
(4) we obtain for the electron spectrum at  L in the p, 
= 0 case the expression 

The small  electron and hole cyclotron masses m:(&,) 
a t  the Fermi  level (H I I  z )  at  L depend linearly on the 
quantity &,, + 2&,: 

It follows fromcg' that in the case of the normal spec- 
trum (y - yo>O), which is realized in the semiconducting 
alloys Bii,,.Sb,, Ci'61 the anisotropy of the electron and 
hole Fermi  surfaces at L increases with decreasing &,, 

and EF. 

The disagreement between the Lax and Abrikosov 
models turns out to be greatest in the GS. In the first  
case the linear dispersion law, & c.~ p, is realized in all 
the directions in the GS; in the second case the spec- 
trum remains parabolic in the direction of elongation: 
c a p  (see (3)). 

In spite of the abundance of experimental papers, the 
choice between the models for the spectrum at the L 
point in Bi-type materials was not finally made until 
very recently. 1'2~14'203 New possibilities opened up for 
the experimental verification of two models following 
the discovery of pressure-induced transitions into the 
GS in the alloys Bit,,SbX. c3*5*6*211 InC5@211 it was dis-  
covered that the transition of the "pure" semiconducting 
Bi,,,Sb, alloys into the GS under pressure is accompa- 
nied by a sharp increase in the anisotropy of the mo- 
bility of the carr iers  a t  liquid-helium temperatures, 
which can be related with the drawing out of the con- 
stant-energy surfaces into "spikes" a s  &,, - 0. 

In the present paper we investigate a t  liquid-helium 
temperatures the oscillatory and galvanomagnetic ef- 
fects in the p-type semiconducting alloy Bio, gSbo, t with 
a hole-impurity concentration - loi5 cmm3 on undergo- 
ing a pressure-induced transition into the GS. C221 A 
sharp increase has been observed in the anisotropy of 
the hole Fermi  surface a t  L a s  zgL -0. The effect is in 
qualitative and quantitative agreement with the Abriko- 
S O V ' ~ ~  and   oh en"' theories, and cannot be explained on 
the basis of the Lax model. 

2. THE MEASUREMENT PROCEDURE. SAMPLES 

Quasihydrostatic pressures  of up to 10 kbar were 
produced, using a procedure which is a modification 
of ~tskevich's technique. C231 The pressure booster, 
which was made from a heat-treated beryllium bronze 
of the BRB-2 brand, had a working channel of diameter - 3.9 mm. C241 AS the pressure-transmitting medium, 
we used a mixture consisting of 5w0 pentane, 25% kero- 
sene, and 25% transformer oil. The pressure in the 
working channel was measured by an induction method 
from the shift in the superconducting-transition tem- 
perature of a tin sensing element. '251 
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The samples, in the form of rectangular parallel- 
epipeds (0.8 X 0.8 X 3.0 mm) were cut with the aid of an 
electro-erosion device from a monocrystalline stock of 
the Bi,,,Sb, &= 0.1) alloy prepared by the zone-leveling 
method. The present alloy was kindly made available 
to us  by D. V. Gitsu (Institute of Applied Physics of the 
Moldavian Acad. of Sci. in Kishinev). The measure- 
ment of the components of the galvanomagnetic tensor 
in weak magnetic fields (WT << 1) was carried out, using 
a compensation method. The Shubnikov-de Haas (SdH) 
effect was investigated in a setup that allowed the re -  
cording of p(H) and ap(H)/a~ in fields of up to 13 kOe. 

3. EXPERIMENTAL RESULTS 

The determination in weak fields (wr << 1) of the gal- 
vanomagnetic tensor components of the p-type alloy 
Bioa9Sb,., was carried out in the pressure range 1 bar 
4p 4 10 kbar at T =  4.2 K. The pressure dependences 
of the resistivities pi, and p33, the transverse magneto- 
resistance coefficients P ~ ~ ~ ~ / P ~ ~  and P ~ ~ ~ ~ / P ~ ~ ,  and the 
Hall coefficients Riz3 and RZs1 (the indices 1,2, 3 denote 
respectively the binary, bisectrix, and trigonal direc- 
tions; the designations of the galvanomagnetic-tensor 
components were taken from[261) were measured. 

The weak-magnetic-field region, determined by the 
condition WT << 1, narrows down drastically upon going 
over into the GS under pressure (up to 5-10 Oe for c,, 
=O).  In order to exclude possible e r r o r s  in the mea- 
surement of the tensor components, we carefully mea- 
sured at each pressure the field dependences of the 
Hall emf, U,,,,, and the magnetoresistance, A ~ ( H )  
= p H )  - p(0). The Hall and transversemagnetoresis- 
tance coefficients were determined along the linear sec- 
tions of the dependences U,,,, = F(H) and Ap= f (H '). 
The measuring current through the samples was se t  so 
a s  to exclude superheating effects. 

It was found that the resistivities pit and p33 a t  T 
= 4.2 K decrease reversibly with increasing pressure 
p and go through a minimum at  p,, = 7.5 * 0.5 kbar 
(Fig. 1). ~ n ~ ~ p ~ * ~ ~  it was demonstrated that the minimum 
in p(p) corresponds to the minimum of the thermal gap 
and ar ises  because of the transition of the alloy into the 
GS a s  a result of the inversion of the La and L, terms 
under the pressure p =pGs. 

The two independent components, RZ3, and Rlz3, of the 

FIG. 1. Thepressurede- 
- h pendence at T=4.2 K of the 

galvanomagnetic-tensor com- 
ponents of the p-type Bi~.~Sbo.i 

""loy: 1) the transverse-mag- 
netoresistance coefficient 
P ~ ~ ~ ~ / P ~ ~ ;  2) the Hall coefficient 

lo3 Rz31; 3) the resistivity pi,; 4 )  
the Hall coefficient R123. 

FIG. 2. Field dependences of Op(H)/aH as the magnetic field 
is rotated in the binary-bisector at p =  3 kbar; the angle 0 i s  
measured from the direction of the field to the binary axis; 
T=2 K. 

Hall tensor at T = 4.2 K a r e  positive in the entire pres- 
sure  range, which indicates that the investigated alloy 
is a p-type alloy. The Hall-coefficient anisotropy RZ3$/ 
RiZ3 at T= 4.2 K increases sharply with increasing 
pressure,  and reaches a maximum at p=p,, (Fig. 1). 

The value, P, of the integrated hole concentration at 
L a t  liquid-helium temperatures can be roughly esti- 
mated from the relation RZ3, = l , ' e ~ c ,  and is P= 1 
x loi5 ~ m - ~ .  

The transition into the GS of the investigated alloy is 
accompanied by a sharp increase in the magnetoresis- 
tance-tensor components a t  T=  4.2 K, which i s  con- 
nected with increases in the hole mobilities at L a s  &,, - 0 (Fig. 1). The magnitude of the hole mobility in the 
GS can be estimated from the condition pHc- 1, under 
which the dependence ap=f (Hz) deviates from linearity. 
Assuming that H,= 10 Oe in the GS, we obtain for the 
mean hole mobility for c,, = 0 the value p,, - 10' cm2/ 
V-sec. 

The SdH oscillations were investigated a s  the mag- 
netic field was rotated in the binary-bisector and bi- 
sector -trigonal planes. At p '- 1.5 kbar the Shubnikov 
oscillations were observed in the entire angle range, but 
their amplitude was small, and the recording of the os- 
cillation curves presented great difficulties. We suc- 
ceeded at pressures p C 6 kbar in recording only the de- 
pendence ap(H)/aH, whose monotonic component was 
canceled out with the aid of an analog computer. An ex- 
ample of the Shubnikov oscillations during the rotation 
of the magnetic field in the binary-bisector plane ( p  
= 33 kbar, T = 2 K) is shown in Fig. 2. In the vicinity 
of the GS the SdH-oscillation amplitude increased, which 
enabled us to record the curves p(H); in some cases the 
elimination of the monotonic component was not neces- 
sary. 

The Shubnikov oscillations in the investigated alloy 
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exhibited even a t  p = 1.5 kbar a strong angular depen- 
dence, which is  explained by the considerable anisotropy 
of the hole Fermi surface a t  L. This dependence was 
especially critical for directions of the field H near the 
binary axis, which required the determination of the 
binary direction to within at least 0.3". The indicated 
accuracy was attained through comparison of the phases 
of the "high-frequencyJ' oscillations connected with the 
large cross-sections of the Fermi surface. 

It should be noted that, a s  the pressure increased, 
the number of extrema in the oscillatory curves in- 
creased, owing to the appearance of oscillations in weak 
fields (the magnetic-field range in which the condition 
w7 >> 1 was fulfilled broadened a s  the GS was ap- 
proached). 

In detecting the Shubnikov oscillations, we paid spe- 
cial attention to the recording of the curves Bp(H)/BH 
in fields of intensities far  from the quantum limit, since 
only in the latter case can we with confidence use for 
the computation of the cross-sections the relation A ( ~ / H )  
= eh/cS,,,, (see Fig. 2). 

Because of the high anisotropy of the Fermi  surface 
a t  L, the essential information about the angular de- 
pendence of the cross-sections when the field is rotated 
in the binary-bisector plane is  contained in the angle 
range -15°C 8 <  15" near the binary direction (8 is the 
angle between the field H and the binary axis). The 
interpretation of the oscillation curves then offers no 
difficulty, since the oscillations from the large and 
small cross-sections a r e  fieldwise well separated. The 
measurements showed that, a s  the GS is approached, 
the angular dependence of the frequency of the oscilla- 
tions near the binary direction becomes more critical, 
which is a consequence of the increase in the anisotropy 
of the hole Fermi surface at L a s  c,, - 0. 

For H parallel to the binary axis, the fields, Hi, of 
the extrema in the curves shift toward the region of 
higher fields a s  the pressure p is increased (Fig. 3a). 
At the same time, for angles 0 exceeding several de- 
grees, the fields, H i ,  of the extrema decrease with 
pressure (Fig. 3b). 

The increase of the anisotropy of the Fermi  surface 
with pressure can be judged from the angular depen- 
dences, obtained for different pressures (Fig. 4), of the 

1 
0 2 J 6 0 2 

p kbar 

FIG. 3. Pressure dependences of the fields of the extrema 
in the ap(H)/aH curves: a) for 0 =  0" (the field H i s  parallel to 
the binary axis), b) for 8=13"; T=2K (Hi i s  the last extremum 
in Bp(H)/BH). 

FIG. 4. The angular depen- 
dences of the field, Hz, of the 
penultimate extremum in the 
Bp(H)/BH curves as the field 
was rotated in the binary-bi- 
sector plane in a sample of the 
p-type Bio.sSbo.l alloy; T 
=2K, O)p=1.5 kbar, @ ) p  
= 2.7 kbar; the continuous 
curves are ellipses. 

fields, Hi, of the extrema in the Bp(H)/'BH curves. The 
continuous curves in Fig. 4 a r e  ellipses; the anisotropy 
of the ellipses increases appreciably on going over into 
the GS. 

One circumstance that makes the interpretation of 
the oscillatory curves difficult at high pressures should 
be noted. At p > 5 kbar the amplitude of the second har- 
monic in fields close to the quantum limit increased 
sharply. Near the GS in this interval of fields we ob- 
served the fourth harmonic and found the first  harmonic 
to be virtually completely suppressed. 

A similar effect was earl ier  observed by us  in the 
investigation of the effect of pressure on the spectrum 
of pure Bi. A doubling and a quadrupling of the SdH- 
oscillation frequency ar ise  when the sample is  placed 
across the channel, the effect being most strongly pro- 
nounced in the H II J case. An example of the SdH oscil- 
lations for pure Bi under pressure is shown in Fig. 5. 
All the three curves were recorded in equivalent direc- 
tions (H was parallel to the binary axis); the curve 1 
corresponds to H 1 J, the curves 2 and 3 to the cases 
4 (H , J )  = i 30". It can clearly be seen from Fig. 5 that 
the oscillation frequency doubles in the last two cases. 
The causes of this effect a r e  a t  present not clear. 

FIG. 5. SdH oscillations in Bp(H)/BH for pure Bi under pres- 
sure (p= 2.3 kbar) in the case when H i s  parallel to the binary 
axis: ~ ) H L J ,  2)<(H, J)=30°, 3 ) <  (H, J)=-30". 
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FIG. 6. The angular dependences of a) the quantity A2 -A: 
and b) the inverse period A-'E Sex,, as the magnetic field i s  ro- 
tated in the binary-bisector plane in the p-type Bio.9Sbool alloy 
at different pressures: 0) p= 1 . 5  kbar, 0) p =  3 .0  kbar; T 
=2K. 

4. DISCUSSION OF THE RESULTS 

The investigations of the SdH and galvanomagnetic 
effects in a weak magnetic field that have been carried 
out in the present paper on the semiconducting alloy 
Bios9Sbo. in a broad pressure range allowed us  to de- 
termine the sign of the charge ca r r i e r s  at liquid-helium 
temperatures, to reestablish the shape of the Fermi  
surface, and to determine the character of the change in 
the shape of the constant-energy surfaces on going over 
into the GS under pressure. The positive sign of the 
Hall-tensor components RZs1 and RlZ3 in the entire pres- 
sure  range indicates that charge is transported in the 
investigated alloy at liquid-helium temperatures by 
holes. The form of the angular dependences of the SdH- 
oscillation frequency allows us to infer that these oscil- 
lations a re  determined by the hole Fermi surfaces at L. 

1. In the case of an ellipsoidal shape of the Fermi  
surface at L the angular dependence of the SdH-oscil- 
lation period when the field is rotated in the binary-bi- 
sector plane for one ellipsoid has the form 

where At and A, a r e  the periods of the SdH oscillations 
for H parallel respectively to the binary axis and the 
bisectrix. 

The calculations showed that the dependence of the 
quantity A' - A: on sin2@ in the investigated alloy is 
linear a t  al l  pressures (Fig. 6a), from which it follows 
that the shape of the hole Fermi surface a t  L is close 
to the ellipsoidal shape in the entire pressure range. 

As can be seen from the angular dependences of the 
inverse period, A-' as,,,,, of the SdH oscillations (Fig. 
6b and Table I), the transition of the investigated al- 
loy into the GS is  accompanied by an appreciable in- 
crease in the anisotropy of the Fermi surface. At the 
same time, the angle of inclination of the ellipsoids to 
the basal plane does not vary with pressure, and is 

equal to cp = (5.5 * 0.5)". This value agrees well with 
the data obtained for the hole ellipsoids at the L point 
in the semiconducting Bil-,Sb, alloys under atmospheric 
pressure. '27'301 Notice that, in Bi, the angle of in- 
clination of the electron ellipsoids to the basal plane 
has virtually the same value. 'lo' 

The results obtained in the present investigation can- 
not be explained on the basis of the Lax model, but a r e  
in qualitative agreement with the predictions of the 
Abrikosov theory. 

It should be noted that, according to the Abrikosov 
model, for y - y o >  0 the Fermi surfaces a t  L a re  el- 
lipsoidal only in the case when the Fermi  energy cF is  
much smaller that the gap c , ~  (i. e . ,  when the ca r r i e r s  
a r e  located at the very bottom of the band). When the 
hole Fermi energy c is measured from the top of the 
valence band a t  L (downwards along the energy scale) 
and the conditions y - y o >  0 and cF << c,, a r e  fulfilled, 
we obtain from the relation (3) that 

It follows fromcg1 that the expression (8) remains valid 
in a relatively narrow pressure range even in the case 
of a low current-carrier concentration (in the investi- 
gated alloy the integrated hole concentration P 
a 1015 ~ m - ~ ) .  When the transition is made into the GS, 
the condition cF << c,, i s  violated, which should lead to 
the appearance of deviations of the shape of the Fermi 
surface from the ellipsoidal shape. lgl  These deviations 
were not observed in the present experiment. The lat- 
ter  circumstance is possibly due to the limited accuracy 
achieved in the determination of the SdH-oscillation 
periods. 

2. The hole concentrations per ellipsoid a t  L was 
computed from the formula 

where A;', A;', and A;' [erg] a r e  the inverse oscillation 
periods corresponding to the three principal cross-sec- 
tions of the ellipsoid at L. The values of these quanti- 
ties were taken from the inverse periods' angular de- 
pendences obtained a s  the field was rotated in the binary- 
bisector and bisector-trigonal planes. It was observed 
that the integrated hole concentration P, = 3P1 increases 
by roughly a factor of two when the pressure is in- 
creased from atmospheric pressure to P,, = 7.5 kbar, 

TABLE I. Dependence on pressure of the inverse periods of 
the SdH oscillations corresponding to the three principal 
cross-sections of the hole Fermi surface at the L point in the 
inves tieated alloy. 
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0 4 8 12 16 
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FIG. 7.  The pressure dependences of the mobility-tensor 
components p 1  and p 2  and of the hole concentration PL at 
T = 4 . 2  K according to the data of the galvanomagnetic mea- 
surements. 

and attains the value PL = 1.2 x 1015 cm-3 in the GS. The 
growth of the hole concentration a t  L with pressure is  
apparently caused by the flow of holes into the L-ex- 
trema from the T-extrema, which, in the Bi,,Sbo. al- 
loy, is located in close proximity to the L-extre- 

[3-6,21,211 For acceptor-impurity concentrations 
- loi5 ~ m ' ~ ,  it is possible for  a T-extremum with "heavy" 
holes to develop a density -of -states "tail" that overlaps 
the Lextrema in energy. 

3. The hole concentration a t  L (P,) and the hole-mo- 
bility tensor components pi in the vicinity of the GS at 
T = 4.2 K were computed from the galvanomagnetic co- 
efficients under the assumption that the contribution to 
the conductivity from the "heavy" holes a t  T is  negli- 
gibly small. In the case when the Ferini surface of the 
current carr iers  consists of three ellipsoids at L, the 
carr ier  gas i s  degenerate, the relaxation time can be 
represented in tensorial form (the Herring-Vogt ap- 
proximation), and for the galvanomagnetic tensor com- 
ponents pi,, ptz3= -RlZ3, and the following rela- 
tions a r e  valid[261: 

where the pi  a r e  the components of the mobility tensor 
in the coordinate system fixed to the lattice (1 denotes 
the binary axis, 2 the bisectrix, and 3 the trigonal 
axis). For Bi and the Bi,,,Sb, alloys the inequality p i  
>> p2 is usually fulfilled, so that the above-presented 
relations can be simplified: 

The results of the computation of the pressure de- 
pendences of P, and p, a t  T = 4.2 K a r e  presented in 
Fig. 7. The mobility, p i ,  in the direction of a short 
semiaxis &) of the ellipsoid a t  L increases appreciably 
when the pressure is increased, and attains a maximum 
in the GS (p,,= 7.5 k0.5 kbar). At the same time, the 
mobility p2, which is virtually equal to the mobility in 

the direction of elongation of the ellipsoid, even de- 
creases slightly during the transition into the GS (Fig. 
7). The mobility anisotropy pl/p2 thus increases a s  
cgL - 0, which agrees with the data obtained inr5]. The 
results of the present work allow us  to conclude that the 
growth of the anisotropy in the ca r r i e r  mobility at L 
during the transition into the GS is primarily connected 
with the increase in the anisotropy of the Fermi sur- 
face (Fig. 6b). 

The hole-concentration value P ,  - 1.8 X lo t5  ~ m - ~ ,  
computed from the galvanomagnetic coefficients (Fig. 
7), turned out to be too high a s  compared to the P, 
value determined in the GS with the aid of the SdH ef - 
fect (P, = 1.2 X 1015 cm' 3). This i s  possibly due to the 
fact that the contribution to the conductivity of the 
"heavy" holes at the T point was not taken into account 
in the computation of P, from the galvanomagnetic- 
tensor components. 

4. For a quantitative comparison of the data obtained 
in the present work with Abrikosov's theoretical mod- 
el, ['], it is necessary in the first  place to determine 
from experiment the values of the parameters v, and 
2; entering into the Abrikosov dispersion law (3). This 
is most easily done by using the experimentally obtained 
dependence of the small cyclotron mass mz(c,) at the 
Fermi level (see (7)) on cgL + 2% in the n- and p-type 
semiconducting Bii,$b, alloys. Such a dependence, 
constructed from the data of[27-321, i s  shown in Fig. 8. 
The continuous straight line in this figure was con- 
structed from the formula (6) for the case v,v, = 0. 7 
x loi6 cm2/sec2. The product v,v, can be split by using 
the relation''' S,,/S,,,= vdq,, where S,, is the maxi- 
mal principal cross-section of the Fermi  surface a t  L 
and S,,, is the intermediate principal cross-section. 
According to the data of the present work, s,/S,, is 
equal on the average to 1.4; hence for v, and v, we ob- 
tain: Y,= 1. O X  10' cm/sec and v, = 0 . 7 ~  lo8 cm/sec. 
The e r r o r  made in the determination of the quantities 
v, and v, i s  equal to -20%. 

The values of the hole Fermi  energy in the investi- 
gated alloy a t  different pressures were computed from 
the minimal principal cross-section S,,, (H II Z) with the 
aid of the relation 

which follows from (5). The value of the gap E , ~  at 
each pressure was determined from the formula cgL 

lo3 
in- 

FIG. 8. The CL + BE,  de- 
pendence of the small cy- 
clotron mass at the Fermi 
level (H Il z) in the n- and 
p-type semiconducting 
Bil,Sb, alloys according 
to the data of different pa- 
pers: .)C2s1, O)C~], 0)[273, 
.)[25.281. 
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FIG. 9. The e&+ eF de- 
pendence of the anisotropy 
of the Fermi surface in 
the p-type Bio.9Sbo.l alloy. 
The continuous line was 
constructed on the basis of 

20 '!b the Abrikosov model under 
the condition that v,= 1 
x lo8 cm/sec and m f *  
= 0.75m0. 

4 6 8 10 15 20 
E9'*EF. meV 

= (ac,/ap) ( p  -pG,), where ac,,/ap = - 2.2 x 10'~ e.V/ 
barc6]  and p,, = 7.5 kbar .  The computation of E,(P) 
showed that, as the  p r e s s u r e  is increased  f r o m  atmo- 

spheric  p r e s s u r e  to RG, , the hole F e r m i  energy at L 
increases  f r o m  1 to 3 . 3  meV. 

In the p r e s s u r e  range where E, << c,, and where  a 
dispersion law of the f o r m  (8) is valid, the  ra t io  of the  
maximal cross-sect ion of the  ellipsoid at L to the mini- 
mal  cross-sect ion,  a ratio which charac te r izes  the 
anisotropy of the F e r m i  surface,  is equal to 

s,,Ismi"=p.~/p.~=~.(2111"/~P~) '. (9) 

A s  the GS is approached, the  relat ion (9) is not fulfilled 
because of the violation of the condition EF << cgL. If we 
take into account the circumstance that the  ellipsoidal 
nature of the F e r m i  sur face  in the  investigated alloy is 
preserved  in the t ransi t ion into the GS, then it  is ex-  
pedient t o  u s e  f o r  S,,/S,,, the approximate relation ob- 
tained f o r  t h e  ellipsoidal F e r m i  sur face  under  the con- 
dition that the spec t rum is parabol ic  in the  direct ion of 
elongation and of the f o r m  (5) in the direct ions of the 
shor t  semiaxes,  i. e. , the  relation 

The relation (10) is apparently fulfilled well in a broad- 
er p r e s s u r e  range than the relat ion (9). In the  GS the  
discrepancy between the s,,/s,,, values computed f r o m  
the exact formulas ofc9] and f r o m  the approximate r e l a -  
tion (10) does not, however, exceed 10-15%, which is 
comparable t o  the  experimental  e r r o r s  in the determina-  
tion of S,,/S,,,. 

The dependence, obtained experimentally in the  p r e s -  
ent work, of s,,/~,,, on E,, + cF in the investigated a l -  
loy is shown in Fig. 9. The continuous l ine in the f igure 
was  constructed f r o m  the  formula  (10) under  the condi- 
tion that v,= 1 X lo8 cm/sec  and m** = 0. 75mo. 

Thus, the r e s u l t s  of the  p resen t  work allow u s  to 
make an unequivocal choice f r o m  among the existing 
models f o r  the  spec t rum at t h e  L point in mate r ia l s  of 
the Bi  type: the Abrikosov model. C91 The detailed 
verification of t h e  theory developed incg1 and the de te r -  
mination of the p a r a m e t e r s  of the  Abrikosov spec t rum 
with a g r e a t e r  accuracy than has  been done in the p r e s -  
ent  work requi re  additional investigations. Reliable 
resu l t s  can, apparently, be  obtained only when both the 
gap cgL and the F e r m i  energy (in t h e  valence and con- 
duction bands) are varied within broad l imits .  

In conclusion, we take the  opportunity t o  e x p r e s s  o u r  
s i n c e r e  thanks to D. V. Gitsu f o r  making the samples  
avai lable  to  u s  and f o r  in te res t  in the work. 
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