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We measured the dependence of the transverse electric field £, on the temperature and dimensions
of the bismuth sample. The observed increase of £, /E with decreasing temperature at 7 < 7°K and
with decreasing sample thickness can be qualitatively explained within the framework of the theory

of the diffusion size effect.

We describe the results of the measurement of the
dependence of the longitudinal and transverse electric
fields (E, and E,) produced when dc is made to flow
through an elongated bismuth sample, on the tempera-
ture 7T and on the sample thickness d. The cross section
of the initial sample was a parallelogram with a thick-
ness {d) to width ratio 4-—5 and with an acute angle
~45°% the C, axis made an angle =56° with the sample
axis, while the C, axis made an angle ~40° with the
sample axis. To measure simultaneously the longitudinal
and transverse potential difference (U, and U,, respec-
tively) we used two pairs of transverse potential con-
tacts placed at a distance =2 cm from each other in
the center of the sample. The external magnetic field
was cancelled out with accuracy 0.05 Oe, and the mag-
netic field of the measurement current (0.3 A) was less
than 0.1 Oe. The current leads were soldered with low-
melting-point solder to the end faces, while the sharp-
ened potential leads were welded to opposite faces of
the sample. The misalignment of the pair of transverse
contacts was A <0.1 cm. The sample thickness was
successively decreased by etching in concentrated
HNO,, after which the measurements were repeated. To
eliminate the influence of the structure of the surface on
the properties of the sample, {*2! all the data presented
below describe the changes of the properties of a sam-
ple etched in the same manner. The ratio of E7*2s and
E, is proportional to the ratio of the actually measured
potential differences Upe** and U,, and can be repre-
sented in the form
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where E$ize (T,d) is the sought transverse field and E°!
does not depend on the dimensions and describes the
contribution of the anisotropy of the volume conductivity.
According to the data of'*+3 | the ratios of the volume
conductivities at T= 5—7°K are 0,,/0,, = 0,,/0,, = const,
so that the second term does not depend on the temper-
ature. The third term, which is determined by the mis-
alignment of the transverse contacts, is constant.

The values of E™eas/E, calculated from the measure-
ment results are shown as a function of T in Fig. 1. For
convenience in plotting, curves pertaining to different d
are shifted arbitrarily in a vertical direction, since the
values of the constants are of no interest to us. The
vertical segments on the experimental points indicate
the limits of the random errors. At 7>10°K, the
curves are practically horizontal; at 7 <5 °K the incre-
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ment of the quantity Eme:s/E,, which is determined by
the value of [Emes/E (T)], is larger than the thinner the
sample. The characteristic temperatures of the kink on
the [Emes/E, (T)] curves determined from the points of
intersection of the continuations of the horizontal and in-
clined sections of the curve shift towards higher tem-
peratures with increasing d. Figure 2 shows the depen-
dences of Esi>¢/FE, on the dimensions at 1,5 and 4 °K
(curves 1 and 2): at 1.5°K and d=0,09 cm we have
Esize/E =0,26 (curves 3 and 4 show the dependence of
the ratios p,ex/Pp On d at the same temperatures), It
is important to note that these dependences were plotted
with the quality and orientation of the sample unchanged.

We have thus shown that at liquid-helium tempera-
tures there is produced in a bismuth sample a size-de-
pendent transverse electric field that increases with
decreasing temperature and sample thickness, and be-
comes comparable with the longitudinal field at T<4°K
in a perfect sample < 3 mm thick. The increase of the
transverse field with decreasing sample thickness at
4,2°K was observed also inf5!, where the results of
measurements performed on samples with three differ-
ent dimensions were compared.

The often observed nonlinear dependence of the con-
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FIG. 2.

ductivity of bismuth samples (curves 3 and 4 in Fig, 2)
on the thickness!'*#4! is explained most fully within the
framework of the diffusion size effect (DSE), '*~®! which
takes into account the onset near the surface, over dis-
tances on the order of the electron diffusion length

Ip= VIl o> Of @ layer with inhomogeneous carrier dis-
tribution, belonging to different valleys (I is the usual
effective mean free path of the electrons in the volume
and corresponds to the intravalley scattering of the car-
riers, and [, , . is mean free path for intervalley scat-
tering). The formation of transverse electron concen-
tration gradients near the surface, belonging to different
valleys, should be accompanied by the onset of a com-
pensating transverse electric field E$iz¢, the magnitude
of which at d 5!, becomes comparable in order of mag-
nitude, according to theoretical estimates, !® with the
field E,. The results of our experiments agree qualita-
tively with the prediction of the DSE theory. The condi-
tion d 51, can be satisfied either by lowering the tem-
perature or by decreasing the thickness at a fixed tem-
perature (Figs. 1 and 2). At high temperatures, where
a>» l‘,, the ratio Ei‘"/E” is close to zero (horizontal
sections of curves on Fig. 1). The contribution of this
ratio to (1) becomes noticeable at d~1,. From this we
can estimate the effective electron mean free path in
intervalley scattering in the volume, assuming that the
kinks on the curves correspond to the temperatures at
which d=I =Vl . .. The value of [ can be estimated nu-
merically from the resistance at the minimal dimen-
sions and temperature, where the conductivity is limited
entirely by electron scattering from the sample surface:
I{T)=1.7/T? cm, which coincides with the estimates, 1!
The calculated {, . (T) dependence is shown in Fig. 3
(curve 1), which gives also the function [,,(T) for elec-
tron-hole recombination, {*°! calculated on the basis of
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measurement of the acoustomagnetic effect in bismuth
(curve 2), At T25°K, the free path [, . obtained by us
agrees with the results of'!' and at lower tempera-
tures, when the role of carrier scattering by lattice de-
fects increases, it exceeds the values of 1,, given in''?!;
this can be attributed to better quality of our samples
(Paooox/Pe. 20 =120 as against s 560), The agreement of
the value calculated from the size dependence with the
results of'1°! indicates apparently that electron-hole
recombination is the fastest process in intervalley scat-
tering of carriers,
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