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Piazoresistance of uniaxially deformed p-type Ge
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The ptezoresisiaace of p-type Ge has been investigated
theoreticaily 20d experimentally but maialy in the weak
deformatioa raage.”t The present paper reports the re-
s1its of measurements of the longitudinal piezoresistance
Sy o p-tvpe Ge, carried ogt i a wide range of meckan—
ical inads @ < x < 16*kg/em?; j7x¥ {100} and jEx} 1111],
wrere § is the currest density) at 77°K and it gives a semi-
gaamtitative explanation of the dependences obtained allow-
izg for various scatleriag mechzaisms in the range of weak
zrd stroag deformations,

A characteristic feature of the observed piezoresis-
terce at low presszres is the ineguality p}(ml > p;éu},
which is obeved irrespective of the behavior of the resis~
tivity of the sample (Pig. 1}. This tnequality follows, ir-
respective of the scatteripg mechaaism, from an analysis
of the expression for the piezoresistance,®* which can be
expressed in the form
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b 20d d are the deformation poteatial constants, B, D, and
C zre the band parameters,®»*®+. is the Boltzmann coa-
gzzat, T is the temperature, Cyy, C;4, and Cy are the elas-
tic moduli; E is the energy. rj is the momeatum dissipa-
tioa time of holes in a band i (i = 1 and 2 represent the
light- and heavy-hole bands); gj is the conductivity ofholes
of band i at x = 0, and
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{f the scattering of holes in both bands is governed by

the same mechanism with 1; « E?, it follows that (py—px} -
p‘_‘ = 0.6(5 M TH 0 =0 ) /04 +0)i(1 An + 3/2)]trefs. 2
angd 4), and when the role of the impaurity scattering in-
creases, the plezoresistance shoold decrease, as found
exgerimentally (note changes I' —3" and 1 —3 in Fig. 1).

In the stroag deformatioaregion, i.e., when nT» 1
st TT'K, we bave = T for x = 2300 kg/em?), if the scat-
tering by acouastic vibrations predominates, we have the
oppasite inegustity: pim}< pxmi {curves 1-1', 2-2%), The
samne ineQualiny is olkained as a result of calculaticns of

_tha piezoresisiance carried oat by assuming that in the

T » Iregica the light-hole band is empty and the con-
stant-aqergy surfaces of the heavy-hole band are nearly
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Fig. 1. Dependence of the registivity ratio on the pressure applied at 17y

inthe §7 3% [11112-3) and j+ x+ [1060] (1"-3°) configurations. The re-
s stivides of the samples were (Recm): 1, 17 2.1; 2, 2%) 0,345; 3, 39 0.0:;

ellipsoids of revelution (the revolution is about the pres-
sure axis) with m,; >my (refs. 4 and 5).

In this case we find that
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where p is the hole density, e is the hole cbarge, 7, and

m:‘ are the compounents of the relaxation time and recip-

rocal mass tensors and, as shown in refs. 4 and 5,
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where A is the band parameter used in refs. 4-6 and m,
is the mass of 2 free electron.

The ratios p{;“]/p[;“] can be found if we take the re-
laxstion time tensor from ref. 7 for carriers scatteredby
the acoustic lattice vibrations, where for x| [100] we take
.“-.'{u“"-"l =31bl/2, Eg“l =a - |b} /2, whereas for x| {111],

we uge .'-'.{é“l =v3 ldl /e, E&u‘] =a - |dl/2 V3. There-
fore, when carriers are scattered by the acoustic vi-
brations, we obtain i
b 1
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where £,, n,, 20d Iy are the functions of m; and m, de-
duced in ref. 7, 1/ml = (A = B]/2)/m, and 1/ml!P =
{A=ID{/2v3/m, In the case of p-type Ge all the pa-
rameters {with the exception of a, b, and d) are well
kacwn.t? Substituting these parameters into Eq. (3), we
fiod that
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» [fwe asswne it g = ~2.3 h« —2.6,andd = —6.2 eV

el 8, we oi2ain s,a*ixm}f pgf’ﬂ!" 1.1. However, if without
sitering b and & €hey are close to the values of band d in
wof. 9), we increase &, we find that the ratio py 11 /p, 1%
neresses and for @ = —2.6 eV (ref. 10), we obtain p)?“} .
mxfm}; -1 = 1,53, Forthe purestamongthe investigated p—
tvpe Ge crystals (p = 10" cm™Y) subjected to a pressure
< = 10" kg/em? teazves 1-1%), we obtain (pl! /%] = 1.4,

In the case of scattering by fonized impurities we can

foliow ref. 11, which deals with the case my; > m,, and ob-

tain expressions for the relaxation time of carriers with
m, < m;. In the lowest approximation with respect to v,

we obtaint?
1 3=AVIV ¥m, § (1 t—x a )h_g_ 4)
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where of = 'I—(m; Y, , N is the impurity concentration, -
y is the permittivity, ¥2 = B38rm (E)™%, r is the screen-
ing radius, and § is Pianck's constant.

It follows from Egs. (2) and {4) that (pxhul/pxhoo] )=

075< 1. The experimental value of (pf1111/pf1%]) for x =
104 kg/ em? applied to 2 sample with py g3°K = 0.086 © -cm
is 0.91.

Thus, when the deformation is strong an increase in
the importance of the impurity scaitering reduces o .
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: %{3&3)4_ aad when such scaztering becomes predurcinant, we

find tha the inequalicy 5% ol is satisfied at ail
pressures. ' _

& should be notesd that at 7K the scaiteriog by the
optical lattice vibratives ean be ignored.'?

The authors 2re grzieful to P. L Baranskii for valu-~
able comments on this jejer.
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