SOVIET PHYSICS JETP

VOLUME 14, NUMBER 6

JUNE, 1962

THE CHANGE IN THE CONCENTRATION OF CURRENT CARRIERS IN BISMUTH DUE TO

ADMIXTURES OF SELENIUM

. ALEKSEEVSKII and T. I. KOSTINA

Institute for Physics Problems, Academy of Sciences, U.S.S.R.

Submitted to JETP editor June 10, 1961

J. Exptl. Theoret. Phys. (U.S.S.R.) 41, 1722-1724 (December, 1961)

The galvanomagnetic properties of bismuth containing admixtures of selenium have been in-
vestigated. From the values of the Hall constant in high fields it was established that one
selenium atom changes the electron concentration in bismuth by 3 x 10?2 1+ 10% electrons

per atom.

BASED on the results of investigations of the

de Haas-van Alphen effect,l!2] cyclotron reso-
nance,[3J the anomalous skin effect,[4] and of its
galvanomagnetic properties,l:s] bismuth can be
classified as a metal with a closed Fermi surface.
For this group of metals the asymptotic behavior
of the resistance tensor in a magnetic field is de-
termined by the relation between the number of
electrons ny and of holes n,. Owing to the small
number of carriers (10~ electrons per atom)
small admixtures of other elements to bismuth
exert a great influence on its magnetic and elec-
trical properties, and as we have shown,[ﬂ bismuth
can be taken out of one group of metals (with n;

= ny) to another (with n, # ny) by a relatively
small number of admixtures. It seemed of interest
to make a detailed study of the effect of small ad-
mixtures on the galvanomagnetic properties of
bismuth and to estimate the change in the carrier
concentration produced by the admixtures.

The initial bismuth of 99.998 purity
(r3opk /Ts2°K = 30) was purified by zone refine-
ment. After 20 — 30-fold recrystallization the
ratio rgyeg/rygog reached 260. Radioactive
selenium was introduced as the impurity, and its
concentration was monitored by the specimen’s
v -ray intensity. Specimens with 0.5 x 10™ and
3.05 x 107 selenium were studied. Single crystal
specimens in the form of 2 —2.5 mm diameter
rods, 30 mm long, were prepared by Kapitza’s
methodf™ In all the investigations the trigonal
axis of the specimens coincided with the specimen
axis.

Figure 1a shows the dependence of ArgT/rgT
={rg(T) — ry(T)}/ro (T) on the field for speci-
mens Bi-1 (pure bismuth with rgoek /Ty 2°K
= 260) and Bi-2 (selenium admixture 0.5 x 1074,

T300°K /T4 9°K = 62). While specimen Bi-1 shows
the characteristic quadratic dependence of Ar/r
on field with the quantum oscillations, already ob-
served by Shubnikov, 8] superimposed on it, the
resistance of Bi-2 tends to saturation in the same
effective fields (Heff = Hyrgpog /Tyz0K)*. Asis
well known,[%] if the number of electrons is not
equal to the number of holes (n; = ny ), then in
large fields the resistance tends to saturation, the

- value of which depends on the temperature, on the

purity of the metal and on the direction of the mag-
netic field relative to the crystallographic axes,
while the Hall ‘‘constant’’ tends to the constant
value R = 1/ec (n; —ny).

Figure 2 shows the dependence of the Hall con-
stant R on field for specimens Bi-2 (0.5 x 10~
selenium) and Bi-3 (selenium admixture 3.05
x 10#). It can be seen that the Hall constant R
tends to saturation for both specimens, but we did
not observe any appreciable reduction in the
anisotropy of R with respect to the direction of
the magnetic field relative to the crystallographic
axes. Having determined the values of ny and n,
from the Hall constant for both specimens, the
change in carrier concentration, produced by one
atom of admixture, can be evaluated from their
difference. If it is assumed that the Fermi sur-
face for the holes changes little for these concen-
trations, then one atom of selenium produces a
change of 3 x 1072 + 10% electrons per atom in

the electron concentrat‘.ion.[“:|

*We should point out that a second quadratic dependence,
Ar/r = £(H), P] should be observed for metals with an equal
number of electrons and holes (n, = n,) in sufficiently great
magnetic fields. Figure 1b shows the ratio Ar/r for Bi-1 as a
function of H? Two regions of a quadratic dependence of
Ar/r on field are clearly seen.
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% FIG. 2. The dependence of the Hall constant on magnetic
/ / field strength (T = 4,2°K): a — for specimen Bi-2 (0.5x10™ Se)
500 7 7 J and b — for specimen Bi-3 (3.05 x 10™ Se). Full circles — cur-
/’7 pA""‘ rent parallel to the trigonal axis of the specimen, field parallel
a to the binary axis; open circles — current parallel to the trig-
y onal axis of the specimen, field perpendicular to the binary
axis,
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FIG. 1. a — The dependence of At/r on the intensity of the
magnetic field; T = 4,.2°K, current parallel to the trigonal
crystal axis, field parallel to the binary axis: curve A — for
specimen Bi-1, curve B — for Bi-2; b — the dependence of
Ar/t on H? for specimen Bi-1 in the range of magnetic fields
from 0 to 6.6 koe.
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