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The frequencies of the local modes in a Ge single crystal containing 9.2 at. % Si have been
measured. A Q dependence of the local-mode frequencies has been observed, contrary to
the prediction of the isolated mass-defect theory. The theory of Elliott and Taylor gives values
for the local-mode frequencies that are in good agreement with the present results. The
changes of the in-band mode frequencies of the longitudinal branch along the |001j direction
wex'e also measured and the results wexe in reasonable agreement with the theory.

The frequencies of the local modes and of some
in-band modes in a Ge single crystal containing
9. 2 at. % Si have been measured by coherent in-
elastic neutron scattering. The experiments were
performed using a triple-axis spectrometer at the
HFIR. The sample crystal' is a 25-mm-long cylin-
der having a loaf-shape cross section with maxi-
mum and minimum diameters of 15 and 10 mm,
respectively. The lattice constant determined from
the neutron Bragg reflections is 5. 630 A, which is
in good agreement with the result of Dismukes

2et al. COnstant-Q measurements were made with

the scattered neutron energy E' fixed usually at a
value corresponding to a frequency of 6.0 THz, a],—

though in ordex to check certain results some mea-
surements were carried out with an E' of 7. 0 THz.
All of the measurements described here were ob-
tained with the neutron momentum transfer SQ
along the [001]direction. The scattered neutron
groups that were obtained in measurements of the
local-mode frequency for two different points in the
reciprocal space are shown in Fig. 1.

The similarity of the phonon dispersion curves
for Ge and Si suggests that a theory of the lattice
dynamics of this alloy which includes only the mass
change might be a good approximation. The theory
for an isolated mass defects g ves a unique value of

11.25 THz for the local-mode frequency v„which
is independent of Q. However, Fig. 1 clearly shows
a substantial difference in the local-mode peak po-
sitions for two different values of Q, and the fre-
quencies measured are larger than those given by
the isolated mass -defect theory.

Several recent theoretical treatments of the
mass-defect problem attempt to take into account
the effects of a finite impurity concentration.
In the present paper we shall compare our results
with the theory of Elliott and Taylor. Although

this theory is considered to be inadequate in many

respects, "the computations required in making
a comparison with experiment are more easily
carried out and it does provide a surprisingly good
description of the present results.

In this theory, the local-mode frequency is de-
termined by the equation

z(~) c&v( 1
Kp( p g dv= 1- p g ~ ~ (1)

v( v v)' —vy q) 1 —c

where c is the impurity concentration, v&(q) is the
in-band mode frequency of the unperturbed lattice
with wave vector q and branch index j, g(v) is the

frequency distribution function, and & = 1 —(M,/M~),
where M

&
is the impurity mass and M, is the host

mass. Since in the present work the measurements
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FIG. 1. Neutron groups obtained in Constant-g mea-
SQreIQents of the local-Inode fregQencies. TIM solid lines
represent coII1puter fits to the experimental points.

were pex'folmed with a purely loDgltudlnal coIlflgura~
tion (Q il q), the observed vI's correspond to vI(q)
of the longitudinal acousti. c and optic modes along
tile [001]dll'ectlo11, III 'tllls dll'ectloII 'tile longitudi-
nal acoustic and optic branches are degenex ate at
the Brillouin zone boundary owing to the crystal
symmetry, and the structux'e factors for these
branches vary from zero to fiIDte values in alter-
nate zones, so that in each zone only one of the
branches can be observed. Thus one observes ex-
perimentally one continuous branch with a period-
icity twice as large as that of the usual Brillouin
zone. Identical structure factox' considerations ap-
ply for the locaL-mode scattering as weH, . There-
fore for each Q at which measurements were made,
the local-mode frequency corresponding only to the
PI( q ) bl'Rllcll 11Rvlng R flI11'te stl'uctul'8 fRc'tol' will
be observed.

The local-mode frequencies were measured for
Q=(0, 0, Q) with @=6., 0, 5. 8, 5.6, 5. 4, 5. 2, 5. 0,

FIG. 2. The local-mode frequencies plotted against
the corresponding in-band mode frequencies. The solid
line represents the relation given by Eq. (3.).
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FIG. 3. The changes of the band m'ode frequencies of
tII longitQdinal b1aQch along the t001j dix'ection coMpared
%'ith theoxetical p1.edictions. The dotted cUrve inclMes
a correction fox the lattice contraction.

and 4. 8 (in units of 2II/a). In Fig. 2, the measured
local-mode frequencies are plotted against the cor-
responding in-band mode frequencies v&(q ). The
solid line represents a calculation based on the
relation given by Eq. (I) with g(v) for pure Ge. The
good agreexnent between the measured and calculated
values for v, seems to support some of the approxi-
IQations IQade by Elllott and Taylor. Additional
measurements for Q = (2, 2, 6), (4, 4, 2), and (2, 2,
2), all of which correspond to q= 0, were consis-
tent with v&=11.VS+0. 06 THz, whi. ch was obtained
for Q= (0, 0, 6). This value is in very good agree-
ment with 11.81 THz deduced from the results of
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the Haman scattering experiment performed by
Feldmann 8t Ol.

The changes of the in-hand mode frequencies of
tile IongitlId111RI branch R1011g tile [001]d1rectlon
were also measured and the results are shown in

Fig. 3 together with the theoretical prediction
(solid line). As the addition of 9.2% Si to Ge de-
creases the lattice constant by about 0. 5%, the in-
band mode frequencies should be expected to have
a relative increase which is given approximately
by y(&V/V), where y is the Griineisen constant for
the longitudinal branch and (hV/V) is the relative
change of the crystal volume. Using y= 1, an aver-
age value of the Gruneisen parameter as calculated
by Dolling and Cowley, '0 the increase in the fre-
quency due to the lattice contraction was estimated

and added to that calculated from the mass-defect
theory. The resultant change is shown by the dotted
line in the same figure. The over-all variation of
the change as a function of the cox responding in-
bRnd IQode frequency ls qualltatlvely ln good Rgx'ce-
ment with the expex'imental results, though the the-
ory predicts a finer structure than that observed.
This discrepancy may be due to the effects of the
finite concentration that are not included in the the-
ory. A change in the force constants may also have
significant effects on the in-band mode frequencies.
In order to examine this point further, an experi-
ment on a Ge crystal with 5% Si will be performed
in the near future.

%e.Rre grateful to G. DoQing for supplying the
g(v) for pure Ge.
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~The crystal was kindly loaned by E. F. Hockings of
BCA Laboratories to whom we are very grateful.
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For g-type germanium the mobility in the [001]direction in the presence of a strong electric
fieM in the I110j direction has been calculated using a detailed model of the material including.
higher (100) minima. The method of calculation is a Monte Carlo approach capable of giving
differential quantities. At room temperature no instability is found, while at 77 K an instabil-
ity 18 obtRlned if the scattering rRte between (ill} Rnd (100) mln1IQR ls suffic16ntly strong.

I. INTRODUCTION

It was first noted by Erlbach' that in n-type ger-
manium a negative resistance knight exist in a di-
xection transverse to a strong electric field, The
origin of this effect veil be discussed in Sec. II.
Krlbach found that this effect could be present in

germanic only i.n a uniaxially stressed material.
Shyam and Kroemer measured a transverse polar-
ization ln tl-type gel manlum at x'oom tempex'ature
and interpreted this as an indication. of the pres-
ence of the Erlbach effect. They explained this as
a consequence of a strong repopulation induced by
higher (100) valleys.

A calculation of tbe r8slstance 111 tbe [001]direc-
tion in the presence of a strong electx'ic fieM in the
[110]direction is presented in this paper. The mod-
el of the material includes tbe effect of tbe (100)
valleys and is similar to the one used by Paige i.n
a study of the bulk negative conductivity in this ma-
terial. This model eras later used by the author
to calculate the anisotroyy of the high-field conduc-
tivity with the Monte Carlo method. In Sec. Ill this
method ls generalized to give the dlffex'entlal con-
ductivity. The numerical results are presented in
Sec, IV. At room temperature no instability is
found, vrhile at 77 'K the transverse resistance can
be negative if the intervalley scattering rate be-


