[

AD-A171 89@ QUESTION OF THE CHANGE IN THERMAL CONDUCTIVITY OF 1
SEH!CONDUCTORS IN A MAG. . (U) FOREIGN TECHNOLOGV (28]

UNCLASSIFIED 05 SEP 86 FTD-ID(RS)T- 0831 B F/G 20712




t
b

(e
FEEEE
EEEE

EEEE

'!rme

—
.
———
!
)

L4

o

«

,J»"*
“ |4

|||||

M

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDA: DS-1963-A

5t
A

g

o ASAN
It
R,
asssnsen

RPN Ty tye Myt
- g « o e o n ket A B W R
RN AR RN R ’ﬂ’,.'*r‘ ‘-“2. s Ao




FTD-ID(RS)T-0831-~86

FOREIGN TECHNOLOGY DIVISION

DTIC

ELECTE
SEP 1 7 1968
R

- St JAR

AD-A171 890

QUESTION OF THE CHANGE IN THERMAL CONDUCTIVITY OF SEMICONDUCTORS IN
A MAGNETIC FIELD

by

Kh. I Am;lrkhanov. A.Z. Daibov, V.P. Zhuze

Approved for public release;
Distribution unlimited,

86 9 16 o3

" TR At O R
JAEOT Mg B . &

2

¥ Y WM

L) W



o e W A P I

L ek

P Tt

o an

- B

o “pgNe %

FTD- 1D(RS)T-0831-86

HUMAN TRANSLATION

FID-ID(RS)T-0831-86

MICROFICHE NR: FTD-86-C-002154

5 September 1986

QUESTION OF THE CHANGE IN THERMAL CONDUCTIVITY OF
SEMICONDUCTORS IN A MAGNETIC FIELD

By: Kh. I Amirkhanov, A.Z. Daibov, V.P. Zhuze

English pages: 8

Source: Doklady Akademii Nauk SSSR, Vol. 98, Nr. 4,

1954, pp. 557-560

Country of origin: USSR

Translated by: Robert D, Hill

Requester: AFWAL/POSL

Approved for public release; Distribution unlimited.

THIS TRANSLATION IS A RENDITION OF THE ORIGI-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES
ADV OCATED OR IMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION
OR OPINION OF THE FOREIGN TECHNOLOGY DIVISION.

PREPARED BY:

TRANSLATION DIVISION
FOREIGN TECHNOLOGY DIViSION
" WPAFB, OHIO.

FTD- 1D(RS)T-0831-86

Date 5 september 19 86




bt N LW b oyet kit Ve 3 Coael tet ket et da B Ea' tal Gt be’ #a? 8eF l 8.0 BA 40wt g ot gt b gt g ny g s gl At ia b migh el ndpieiate I XEX
o # Ny ? 3 b ¢, ]

U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM o

Block Italic Transliteration Block Italic Transliteratic:.
A a A @ A, a Pp P R, -
: B 6 B & B, b Cec C ¢ S, s
B s B o V, v T T m T, & g
rr r s G, g Yy Yy 'y U, u ;
[}
4 A a4 9 D, d P ¢ ® 9@ F, f g
E e E o Ye, ye; E, et X x X x Kh, kh B
M ow X x Zh, zh Uuy u y Ts, ts
33 3 Z, 2 Yy Yy y Ch, ch .
2 H u I, 1 W w W w Sh, sh i
hoa A 8 Y, y W w u w Sheh, sheh A
H n K = K, k b N ) " .
T, N a L, 1 H & N w Y, ¥y X
o M M, m b b b » ! ;
H w H n N, n 33 9 E, e §
0 O o 0, o W w O » Yu, yu )
n n n P, p A A A =« Ya, ya ;
%*ve initially, after vowels, and after », b; € elsewhere. ]
When written as & in Russian, transliterate as yé& or &. .
RUSSIAN AND ZINGLISH TRIGONOMETRIC FUNCTIONS !
Russian English Russian English Russian English K
sin sin sh sinh arc sh sinh:;‘_ -
cos cos ‘ ch cosh arc ch cosh_l
tg tan th tanh arc th tan‘n_l
ctg cot cth coth arc cth coth_l X
sec sec sch sech arc sch sech_ y
cosec cse csch ¢sch arc c¢sch ¢sch ——
Russian English 0 J
rot curl o ‘
lg log = U/ o S
GRAPHICS DISCLAIMER
All figures, graphics, tables, equations, etc. merged into this
translation were extracted from the best quality copy available. Sodes ‘
i ior
e <l y




DOC = 0831 PAGE 1

QUESTION OF THE CHANGE IN THERMAL CONDUCTIVITY OF SEMICONDUCTORS IN A
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Pull member of the Academy of Sciences Kh. I. Amirkhanov, A. Z.
Daibov and V. P. Zhuze
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The Maggi-Righi-Ledch/effect consists,;as—is_uellzknowﬁikin the

appearance of an additional longitudinal difference in temperatures
AT in the plate of a conductor placed in a transverse magnetic field
- Ha if thgre is a temperature gradient along the plate., [FOOTNOTE®:
Hereiftér ;Lst MRL effect will be used.]QThe appearance of this
difference in temperatures leads to a decrease in the effective part

of thermal conductivity..— = .

A rather large number of works is devoted to the experimental '
study of the MRL effect in metals (1-4). As should be expected, on
the basis of the existing theories (5, 6}, the change in thermal
conductivity of metals A in a transverse magnetic field H. is very
small and in the majority of the metals investigated could not be
detected in the experiment at the standard temperatures and very

poverful fields. A considerable effect of the MRL was observed only




in Bi [1, 7-9), which is completely explainable if we take into

consideration the comparative low concentration of carriers of the

charge in it and their high mobility.

It vas a completely different matter thus far in the case of
semiconductors.? [FOOTNOTE:: Hereafter PP]. The heat transfer in them
is accomplished mainly by phonons.-That part of the thermal
conductivity which is determined by the diffusion of electrons in the
standard PP is small and becomes noticeable only when the PP ar; good
conductors. This part of the thermal conductivity is connected with
electrical conductivity by the Wiedemann-Franz relation [10-13]. In
the first approximation it is possible to assume that for each.looo
Q- cm-!, the magnitude of the electron part of thermal conductivity
A5 consists of 0.001 cal/deg-cm-s for degenerated PP and 0.0016

cal/deg-cmes in the generation region.

Calculation of the thermomagnetic MRL effect for PP with a
different nature of the chemical bond has been made by K. B. Tolpygo

(14). In the case of the isothermal effect:

.:n:—-n——'.!_:. (l)

For the adiabatic case:
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Here )\, and x¢,are the conducitivities caused by electrons and
phonons, respectively, R,; - Hall constant, o - electrical
conductivity, and B - magnetic induction. In the derivation of (1)
and (2) it is assumed that the mean free path of electrons / :/../ "
vhere v is the velocity of the electron. In PP with atomic lattice 1/
does not depend on v(n=0). For ion PP at "low" temperatures, wh;n
kT<<hw, (where w, is the maximum frequency of the longitudinal
optical oscillations), n=1. When kT»hw, n=2. Values of coefficient
ln/83 are tabulated in work [14]; for atomic lattices it is equal to
1.2732. For ion crystals at "low" temperature b,/aj} =1.0000and at

hight temperature, 1.0868.

From the theory it follows that a noticeable change in A in the
magnetic field should be expected only for the well-conducting PP,
with a large value of Ap and, which is especially important, great
mobility of the carriers of current u. For the atomic PP, in which
X,/(\ak,)-0.3, 0=1.6°10°Q-* cm -!=1.6-10"¢ CGSM and R=62.5 CGSM,
wvhich corresponds to the concentration of current carriers N=10-°*
Q-’and u=10* cm?*/V+s, the change in A when B=10* G consists of about

30% according to (3). In the case of the "classical"™ PP, in which

il 1
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2/ - Rg) <005, < 10° Q-1 cm-2510-*2 CGSM and u<102-10° cm?/Ves, the
value of E%EE does not exceed 10-¢, which, of course, lies within

limits of accuracy of the experiment.

There are few works devoted to the experimental study of the MRL
effect in PP. Little [15] discovered no change in A for As in the
field H.=11000 Oe. According to data of Wold [16) and Lloyd [17), the
increase in thermal resistance of Te when H.=6500 Oe consisted of
19%. A. A. Babayev (18, 19) studied the MoS,. When H.=7800 Oe aAd at
+145° the thermal resistance grew by 15.8%. At -120° the MRL effect
vas not observed. As far as we know, information on the MRL effect in

- PP is limited by these data.

If the negative result of the experiments on As can be
considered as corresponding to the theory, then results of studies of
Te and MoS, sharply contradict it and were presented to us as being
very doubtful in connection with the small values of o and mobility

of current carriers in these substances.

For the purpose of clarification of the causes of this
nonconformity, we undertook systematic studies of the MRL effect on
PP with different ¢ and u: Te, MoS,, Bi,Se,, Bi,Te,, PbTe, and HgSe.
Monitoring experiments are conducted on the Bi. Specimens for

measurements of A and electrical characteristics were prepared by the

Ciai A S

RN YT N A A ]
{'- " a‘.ﬁ{\.{&{ﬁ.\ \‘_L\,j



method of hot extrusion and possessed a fine crystalline structure.
Specimens of Te and Bi were cast. Table 1 gives parameters of PP at

+25° investigated by us. For the HgSe, data for -180° are given.

For the determination of A of PP and its change in H., both the
absolute method (20) and relative (basic measurements) were used. The
diameter of the specimens is 15 mm and the thickness, 1-3 mm. Special
measures for improving the thermal contact between the separatg
elements of the scheme were used. The experiments were conducted in
conditions close to adiabatic. The accuracy of determinatio of \ by
the absolute method was 2-3%; the relative method provided a

considerably higher accuracy, reaching 0.2~1.0%.

Results of the work consist in the following. We detected no
change in the thermal conductivity of Te, MoS,, Bi,Se,, Bi,Te,, and
PbTe in H. with a strength to 11,000 Oe. We can confirm with complete

certainty that in our specimens the MRL effect consisted clearly of

less than 0.2%. The published data on the large value of l%i?’ for

Te(16, 17) and MoS,[18, 19] have not been confirmed by our
experiments. Results of our experiments are found in complete
agreement with the theory of the MRL effect. The change in A in such
PP as the Te or MoS, in H.<10* Oe, as the calculation shows, must be
less than hundreths of a percent, which by far lies beyond limits of

the accuracy of the experiment. Obviously, results of works [16-18]
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are connected with any experimental errors not taken into account.

A considerable increase in the thermal resistance in H. was
observed by us only for the Bi and HgSe, which also agrees with the

theory.

Actually, as follows from (1) and (2), a noticeable effect of
the MRL can be expected only in the PP with large A,, which is still
more substantial, with high mobility of the current carriers. The
HgSe is a representative exactly of such PP. The experimental data
for HgSe are given on Fig. 1. Results of our measurements on Bi agree
vell with the published data [3; 9]. At 50° the magnitude of the

relative change in the thermal resistance of AW=W for HgSe (and

H=0
Bi) linearly depend on the square of the strength of the magnetic
field Hi. At low temperatures this dependence for HgSe (and Bi) is
not fulfilled: the transition from the quadratic dependence to the
linear one already at comparatively small fields H.~4:10°® Oe. On the
basis of our measurements of the MRL effect in HgSe at 50°, the value
of kiris" for this substance consists of 0.26, which agrees well
with the estimate made in the assumption of feasability of the

Wiedemann-Franz law for the PP..
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, Key: (1) Substance. (2). Temperature, °C. (3). Thermal conductivity A
in calecm-*.s-'+deg-*. (4). Electrical conductivity o in Q-*-cm-?.
N (5). Constant Hall effect R in CGSM. (6). Mobility of current
[ 4
carriers u in cm/ves. (7). Concentration of current carriers N in
cm-?, (8). Computed value.
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