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Transverse Magnetoresistance of Uniaxially Stressed p-Ge

By
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Up to now piezogalvanomagnetic effects in p-Ge are insufficiently studied, both
theoretical and experimental investigations were carried out in the range of weak
deformations (1 to 4). However, the galvanomagnetic effects have been shown, by
the calculation made in (5), to change essentially when passing from weak deforma-
tions to strong ones (the corresponding criteria will be given later).

In the present note the transverse magnetoresistance (T MR) QH/QO was in-
vestigated in p-Ge (930001{ x 16 Qem, n ~ 1.2}(1014 cm—g) in a wide range of
mechanical loads X (0= X = 9000 kp/em®) and in the range of magnetic fields
0 = H £ 20kOe. In Fig. 1 and 2 the magnetic field dependences of TMR for different
X are presented for the cases § | X | [111] and of 7 X | [001] obtained at 77 °K and
ﬁll [1_1—0] (—j“ is the current density). The dependences QH/ Q= f(X) at two values of
the magnetic field (H = 0.9 and H = 5 kQe) for the same cases are shown in Fig. 3.

The characteristic feature of Fig. 1, 2, and 3 is the identical form of the de-
pendences obtained for ?Il?(!l [111] and Ellill [100] . In both cases QI);/QZ original-
ly diminishes as X is increases (as compared to the TMR for X = 0) and abhove some
pressure rises in the range of greater pressures, Q;/Qi > QH/QO <20 (Fig. 3).
However, while in weak magnetic fields (H = 0.9 kOe) the rise of G}IEI/Q); took place
up to the highest X (Fig. 3, curves 1 and 1 ), in stronger magnetic fields (H = 5kOe)
Q:I/Q}; began to diminish somewhat in the range of high pressures (curves 2 and 2').
At magnetic fields H Z 10 kOe the TMR QE/Q); increased over the whole range of X.

The qualitative likeness of the dependences QH/QO =f(H, X) for two different

orientations of the current permits to conclude that their features to bé discussed
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Tig. 1. The magnetic field dependences of the transverse magnetoresistance for
different values of mechanical loads X in the cases j I1X 1 [111] and
H |l [110]; (1) X =0, (2) X =2000, (3)X =4500, (4)X =9000 kp/cm2

Fig. 2. The magnetic field dependences of the transverse magnetoresistance for
different values of mechanical loads X in the case i Il X || [100] and
HI[110]; (1) X =0, (2) X =2000, (3) X =3000, (4) X =4500, (5)X =
= 7000 kp/cm?

are determined basically by the variation of the band structure with pressure (1, 2,
5, 6) and to a lesser extent by the anisotropy of the dispersion law in unstressed
p-Ge. Hence, the attempt can be made to understand qualitatively the physical
meaning of the obtained dependences suggesting the isotropy of the properties of
p-Ge in absence of deformation and to introduce similarly to (7) an average de-
formation potential constant b =d/¥3, an average band parameter B =D/13, and

1

average values of the elastic constants -2—(511 - 12) = 644. Then the dispersion

law for each band of a stressed semiconductor ((2) §30, (6)) may be written as

c

follows: . 2 112 4 (= 2 _2 2
E (k) =Ak" - (-1)" Bk +| Bl -k yEnT, 1)

where E1 is the energy in the band !; 1 = 1, 2 is the band number (at n=01=1 and

1'=2 correspond to the bands of light and heavy holes); k is the wave vector;
bB

n=i=r(_-¢ ), & =& #¢& ,¢ =¢t =¢ =0 arethe components
|B| ‘"xx ZZ XX vy 72’ XZ yz Xy
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Fig. 3. The mechanical load dependences of T e
the transverse magnetoresistance for two Q7.20 -
values of the magnetic field strength H; .
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of the deformation tensor, current and pres- / aﬂ-v"'“"]
— ',’_&
sure are directed along the Z-axis; A, B, and P ad
J— \")E_‘r”
b were given in reference (2). Since b B> 0, . . . |
; 0
then nn > 0 for cor sression along the Z-axis. X(70 A,D/m;? e

As the caleu.ation of QH/QO will aot be
especially difficult in the approximations accepted above, we shall present the final
results for the case of acoustic phoron scattering and for the following limits in de~
formation and magnetic field: a) weak deformation at weak and strong magnetic
fields H, b) strong deformation at weak and classically strong . The calculation
are carried out as in (5, 7, 10) and the relaxation times necessary for the caleula~
tion in the case of weak deformation {7 €« %T) are obtained just as for X =0 in (7, 8
(% is the Boltzmann constant and T is the temperature). At sirong deformation
(n>»>xT, for p-Ge at 77 OK n a%T when X = 2300 kp/(,m ) all heles are in the
second band and the isoenergetic surfaces turnintoe oilipsoids (1). In this case the
anigotropy scatiering theory can be used (9,

Consider the case of weak magnetic fields (QH/@0 - 1«1}, when the TMR at
X =0 is determined basically by the light holes (7). Their effective mass (I = 1)
increases with pressure (equation (1)) and the cyclotron frequency (wl =eH/cm, )
and the TMR ~ w2 decrease (Fig. 3, curves a and 1 X <1500 kp/cm ). With the
rise of pressure the filling of the light hole band decreases and the fall of the TMR
pX/QX passes inte a rise (Fig. 3, curves 1 and 1[ X >1500 kp/cmz) due to the in-

crease of the cyclotron frequency of the heavy holes w_ = =eH/c m, (m,, decreases

2
with pressure (equation (1)). Such dependence of the TMR on pressure at weak H

is confirmed by the expression obtained on the assumptions discussed shove:
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It follows from equation (3) that Q;/Q}; with n>> 2T tends to a value greater
than the corresponding one at X = 0, which is observed experimentally at great X.

While passing to the range of higher H the situation is somewhat complicated.
In fact, the condition of classically strong magnetic fields is not fulfilled in the in-
vestigated crystals in absence of deformation, since the quantization of light holes
(hwl/scT = 1 at I ~ 24 kOe) begins before the criterion of classically strong magnetic
fields for heavy holes is fulfilled ((A)g'toz >1at H » 3 kOe, where T; is the relaxation
time of heavy holes at E2 = ®T), i.e. the conditions ﬁwl/aeT < 1 and w, Tg > 1 are
not combined in the interval 8 = H = 24 kOe.

In strong magnetic fields at X = 0 the TMR is determined basically by heavy

holes. The weak deformation increasing the cyclotron frequency should resuit in

a rise of the TMR:

X
e 7

Rt N TS PRI T SN Y - L S | R SNE (4)
X 9 w 0.2 2T w 0.2 22

2, { 252) (252)

This dependence is confirmed experimentally (transition {rom curve 1 to curve 2,
H £ 10 kOe, Fig. 1, 2).

The increase of pressure was found to cause a hole transfer from the first band
to the second one (2, 6). The change of the dispersion law has the effect that the
quantization of light holes begins at higher magnetic fields than at X = 0 and the
criterion of strong magnetic fields for heavy holes is displaced to the range of lower
H. For the maximum pressure used in the experiment hwl/se']‘ ~1lat Ha
~ 43 kOe and w, 't; . »>1atl>0.4 kOe.Hence the conditions ‘hwl/xT N> a€T<< 1
and w, ¢ >> 1 are combined in a sufficiently wide range of magnetic fields.

T T e

n>>eT
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As a result, a certain interval of H appears where the condition of classically

strong magnetic fields is fulfilled and, according to calculations:

X
e |
SH_s2 () Lasar) . .1 )
X T n / 2 2 .
€ n >» «T

a decrease of Q;/Qi should be observed, which takes place in the experiment
(Fig. 3, curves 2 and 2 , X 4000 kp/cm?).

Thus the variation of the TMR with pressure in p-Ge is qualitatively explained
by the expressions (2 to 5) in the range magnetic fields where the quantization is
not essential. In the cases where quantization takes place the dependenaes QE/Q); =
=f(H, X) are not discussed.

The authors express their sincere thanks to Prof. P.I. Baranskii for per-

manent interest in this work and valuable discussions of the results.
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