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Abstract. Within the frame of theory of anisotropic scattering, it was studied the relation
of values for specific resistance changes under the axial elastic deformations for many-
valley semiconductors, n-Ge and n-Si. The aspect ratio between values of the saturated

specific resistance P y(o)srain  fOr strain and analogous value for axial pressure
deformation P y(u)pressure Was determined. It gives a possibility to obtain reliable
information concerning the value p y(o)sirain €Ven for the case when mobility of carriers
and, consequently, the value p =p (X) are significantly decreased, for example, under

irradiation treatment of crystals.
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1. Introduction

During experimental study of properties of
semiconductors, researchers often face up with the
problem to determine low value or to characterize
parameters that are very sensitive to insignificant
heterogeneities present in crystal. However, in the case
when hard determined parameters can be expressed
through parameters determined simpler, one can perform
experimental measurements of the latter ones and then
calculate the former by using the established relations.
Namely, this technique was used in the monograph

[1] to determine the value of magnetoresistance p(I){ ()

for the classically strong magnetic field H(w), taking
into account the hardness of its measurements due to the
significant sensitivity of magnetoresistance to the
residual crystal heterogeneity in the region of strong
magnetic fields.

It was found that piezoresistance p())((w) in the
region of saturation X(c) had low sensitivity to the
residual heterogeneity of specific resistance. So, using
the only value pg((w) measured in absence of magnetic

field, the authors proposed to calculate a desired value of

H (o)

the magnetoresistance p, '~ by the relation:

H(oo)z K+8 0 1
0 7K+2pX(oo)a ()

where H is the magnetic field; X is the mechanical stress

(kgf/cm?®); K = L is the parameter of mobility
H

anisotropy; i, u, are the mobilities of carriers along

and crosswise of the main axis of isoenergetic ellipsoid.
The value of the parameter of mobility anisotropy K in
the single isoenergetic ellipsoid is determined from
above mentioned measurements of piezoresistance in the

range of saturation by the simple relation:
3% 1
K= EM——, where p, is the specific resistance of
Po

unstressed crystal. Parameter K is the certain number at
the N = n, = const, where n, is the total concentration of
current carriers in crystal, which coincides with the
concentration of impurity dopants and doesn’t depend
on X.

2. The technique of determination of strain
piezoresistance

Let us consider, for example, the germanium
monocrystal of n-type conductivity (n-Ge). Under the
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current passing with the density j and in the presence of
mechanical pressure X along the crystallographic axis
(111}, i. e. along the main axis of one of four equivalent
isoenergetic ellipsoids, the noted ellipsoid will go down
and three others will go up along the energy scale. It
causes distribution of current carriers between the
energy minimums in the conduction band. As a result,
under the comparatively high stress X || (111) all
electrons can pass in single ellipsoid oriented in the
direction of the deformation axis with a minimal value
of current carrier mobility p=p. Due to this
distribution, the specific resistance of crystal, which is
measured in the same direction (j|(111)), is
significantly increased with the increasing pressure of
mechanical stresses X up to saturation, which is

(111)

described by the expression py) =

=const,
ene

where p<)1(11>) is the piezoresistance in the region of

o0

saturation; e is the electron charge; n, = 4N, is the total
concentration of electrons; N, is the concentration of
electrons in each ellipsoid in absence of crystal
deformation, p is the mobility of electrons along the
main axis of isoenergetic ellipsoid, which corresponds to
the maximal effective mass my. In this case, the
parameter of mobility anisotropy can be expressed as

(111)
_2 pX(oo)pressure _l

K .

2

It is reasonable to put the question, do we have to
use well measured values of pressure piezoresistances to
determine small values of piezoresistances of strain
(along crystallographic direction (111) for the particular
case of n-Ge)?

Under the investigation of concentration
dependence of the parameter of mobility anisotropy

K=EL_K(n,), as it was found in [2], despite the
H

simplicity of the connection K with p, and p, only p;
depends on n.. Thus, even at presence of useful
connection between P y(w)srain AN Py (c0) pressure 1t WaS
necessary to make sure that at both limits of
concentration ranges (i.e. at n,”" and n,/") the
condition P y (o) srain << P (co)pressure 1S remained valid.

To realize the proposed technique let us use

equation, which was determined in [3] for the pressure
piezoresistance

(111)

P X (o0) pressure _ l (SK +1 N 1] 3)
and the strain piezoresistance
(111)
P X (o) strain :i( 3 +1] ' @)
Po 4\ 8K +1

After elimination from the system of equations (3)
and (4) the value of py, after simple algebraic transforms
it is obtained:

(111)

<111> _ pX(oo)pressure
pX(oo)strain - 8K +1 (5)
and the parameter of mobility anisotropy for single
isoenergetic ellipsoid K =p, /p can be obtained from

the same measurement of pressure piezoresistance
P X (o) pressure USING the relation (2).

It is known that in #-Ge when the concentration of
current carries varies by five orders (from 10'® up to
10'2 cm™) the parameter of mobility anisotropy K (at
77 K) increases only from 7.4 up to 16. Using the
equation (5) valid in the case of non-degenerate electron
gas, let us estimate by how many orders the a-value will
exceed unity at the concentration limits (at which, even
at 70 K, the electron gas remains non-degenerated), i. e.:

(111)

pX(oo)pressure

(111)

X (o0)strain
It was found that in relatively pure (without
impurities) crystal of n-Ge with the concentration
n,=N= 10" ¢cm™ the a-value is 14.33. But even in
comparatively strongly doped n-Ge with
n,=N= 10'¢ cm'3, the a-value is still 6.69. This means
that the appropriateness of proposed technique of the
determination of value for the strain piezoresistances
from the measurements of the pressure piezoresistances
is justified for all the considered range of concentrations,
which covers five orders.

In the case of n-Ge, for the equation (5) to be used
at any given concentration n, (within the considered
concentration range), it is possible to use the data of the
dependence K = K(n,) presented in the monograph ([1],
p-95), and for n-Si such dependence is shown in
Fig. 1 [4].

o=

>1 . (6)
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Fig. 1. Dependence of the parameter of mobility anisotropy
K=,/ on the concentration of ionized impurities N, = n, in
the region of mixed scattering at 7= 77.4 K = const for the
crystals n-Si. Dependence was obtained by the calculations in
the frame of the theory of anisotropic scattering.
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In general, the value K (for an arbitrary
concentration at which the degeneration of electron gas
is not observed at the temperature of piezoresistances
measurements ~77 K) can be also evaluated (both for n-
Ge and #-Si) from the theory of anisotropic scattering
[5] by following equation:

K:”_l:ﬂa_lI_Z

by omeoa A

(M

where m) and m, are the cyclotron effective masses for
single isoenergetic ellipsoid along the main axes and
crosswise for them, respectively.

m = 1.580 my

for n-Ge and
m, = 0.082 my
mL:0191 my for n-Si

my is the mass of free electron.

a;=3.40-10""erg"*°Cs
for n-Ge and
a, =2.84-10"" erg?°C-s

a;=3.09-10"7 erg'*°Cs

for n-Si
a, =4.6710" erg?oCs | O

The equations for calculation of integrals /; and 7,
for n-Ge and n-Si are presented in Appendix.

Note, that under the using of equations (2) and (5)
in the case of n-Si it should be taken into account the
orientation of isoenergetic ellipsoids by the change of

(111) (111) (100)

X (o) pressure and pX(co) strain 0T pX(oo)pressure

(100)

X (o) strain *

and

It reflects the fact that strain piezoresistances

in n-Si, in contrast to n-Ge, must be measured at the
condition X || |(100), i.e. the mechanical stress X and
electric current j have direct along the crystallographic
orientation (100) of the sample.

3. Conclusions

In conclusion to above mentioned it should be claimed
that:

1) there is a simple relation between the change of
the specific resistance in many-valley semiconductor of
n-Ge type under axial deformation of pressure and the
change of specific resistance, which arise under the axial
deformation of strain;

2) both for n-Ge, which is free of dopants, and for
the crystals with a relatively high doping level, which,
however, don’t lead to the degeneration of electron gas
at temperature of piezoresistances measurements (near

77 K), the value of pressure piezoresistances is
practically higher by one order in comparison with strain
piezoresistances, and consequently, the proposed in p. 1
technique of evaluation of strain piezoresistances by
using the experimental data for pressure piezoresistances
for all above mentioned concentration range can be
considered as acceptable and physically reasonable;

3) approaches and conclusions proposed in this
paper can be applied not only to n-Ge and n-Si but also
to another many-valley semiconductors after the same
technical modification.

The described approach to methodology of
determination of some parameters inherent to
semiconductors with low values or high sensitivity to
residual (or induced by radiation treatment [6, 7]) crystal
inhomogeneities, which is hard eliminated in principle,
can be very useful under the assumption that above
mentioned limitations are fulfilled.

Appendix

The general view of the integrals /; and /, for n-Ge and
n-Si:

o —x 3 w0 -
e x dx * 3 dx
I=]=— 2= [T
0 X +b0 0 X +b1
5 Y sz 14 n'
2.65-10° ——|32.0+1n +1.26-10" —
n' T x
in case of n —Ge
bo = ’ 5
N [
9.68-10° 4 30,04 1m L Za107 I
n' T x
in case of n —Si
2, '
323106 LN 51 04 m I 108107 —
73 n' T x
in caseof n-—Ge
bl = ’
6 aJ_ sz u n
3.47-10 314+1n +1.46-10" —
73 n' T x
in caseof n—Si
N=N,+ N, is the total concentration of impurities
in crystal; n'=N;— N, (in the condition of lack of

compensating dopants N, =0 and n' = n, = N). It is clear
that by and b, are dependent on temperature, total
concentration of impurities in crystal, the degree of
compensation, and are different for n-Ge and n-Si.
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