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At large distances from the donor F(r) = (Tra'b) &

&(exp —P(x'+y')/a'+zs/b']', where for germanium
a= 64.5 A and b= 22.7 A and the particular valley axis
is chosen as s axis. '

The principal axes of the resistivity tensor are
indicated by C, D, and E. Since the shear strains caused
by tension and compression along L110] are identical
except for a rotation around L0017 by 90', the following
relations are required by symmetry

pry(X) =po( —X) pz(X) =pz( X)
po(X) =pg)(-X). (2)
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FIG. 2. Ratio of the resistivities of stressed and unstressed
m-type germanium for the principal directions as a function of
stress.

tension and negative for compression. For compression
interchange nf "' and 4'&'& in Eq. (1).

Two e6ects contribute to the piezoresistance of
impurity conduction, (1) the redistribution of electrons
as the 1s donor states split under shear strain, and
(2) the change of the wave functions according to Eq.
(1). The redistribution effect is negligible when
kT«26, . This condition is satisfied below 4 K for
arsenic and phosphorus donors for which 2d, =2.1
milliev' " and 2A, = 1.45 milliev, " respectively. In
these cases only the ground state 0'4' is occupied. For
strains large enough so that

~
e;~))4d „all nor&" become

strain independent and hence the piezoresistance of
impurity conduction saturates. In this limit 0 & ' ap-
proaches the form Ix&@=2 '(Cd+44) for uniaxial
tension and + x'4l=2 '*(4 t+Cys) for uniaxial com-
pression.

Figure 1 shows schematically the two forms 4'~x&4).

Only the envelope functions F(r) are shown since they
determine the electron transfer between donor centers.
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Because for zero strain sfyple=2 '*(sI'xl'l+s1r xte), it
follows from the reduction of the wave function in the
various directions that

(X)& (X)& (X).
The change of impurity conduction of germanium

containing 5.2X10" Sb atoms per cc and about 3%
compensation was measured at 1.9'K as a function of
uniaxial tension and compression along L110]. Anti-
mony was chosen as donor impurities because its small
chemical shift, 46,=0.57 milliev, " enables one to
reach saturation of the piezoresistance at relatively
small stresses. Figure 2 shows the resistivity ratios of
the strained to the unstrained sample for the three
principal directions. The relative magnitudes of the
piezoresistance in the principal directions agree with
Eq. (3). The symmetry conditions, Eq. (2), are
fulfilled by the saturation values but not by the piezo-
resistances at smaller stresses. This discrepancy may
partly be caused by experimental difhculties with the
transverse piezoresistance measurements at small
stresses.

For Sb donors the magnitude of the piezoresistance
is affected by the redistribution eGect. A rough estimate
of po( —X)/pII at saturation based on Twose's theory
yielded the value 4, the experimental value is 5.05.
Experiments on As-doped germanium and with diferent
strain orientations are in progress.

"H. Fritzsche (to be published).


