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An investigation was made of the electrical conductivity

m = 1/p,, Hall coefficient Ry, and transverse magnetore-
sistance of singie-crystal p-type Ge films with a frag-
mented structure (FS),’) which were evaporated in vacuum
on Si substrates. Measurements of the magnetoresis-
tance Ap/p, were carried out in weak magnetic fields H
inthe B L n and H || n configurations, where n is the nor-
mal to the film surface. Figure 1 gives typical tempera- .
‘ture dependences of Ry, uy = Rygeo, andthe magnetoresis-
tance. The effective Hall mobility pyy was found to be an
order of magnitude less than in bulk p-type Ge with the
same value of Ry (Ref. 2} and the magnetoresisiance was
two orders of magnitude higher than (u HH/C)Q. The tem-
perature dependences of the magnetoresistance and ugy
were not correlated and the sign of the magnetoresisiance
anisotropy

1 (1)

was a function of temperature.

We shall explaintbe experimental results by considering
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first a crystallite (ng; 12/2) ~intercrystallite boundary [n(z) <
ng; [;]—crystallite (ny; [,/2) structure. The symbols in pa-
rentheses represent the carrier densify and the size of
the corresponding region in the direction of flow of the
current (x axis), Films of p~-type Ge on Si are in a de-
formed siate (they are siretched) and are characterized
by a tensor (7/m);; which is diagonal in the coordinate
system with the z || n axis, where (7 /m)yy = (7/m)yx =
(r/m),, (Ref. 3). Here, (1/m);i is the reciprocal effective
mass tensor and 7y is the relaxation time tensor assumed
to obey the relationship 13 = Tfiaa, where ¢ = E/KT is the
dimensioniess energy. :

In the case of an intercrystallite (grain) boundary
which is homogeneous along the v and z directions and in
weak magnetic fields we find, on the assumption that

(1/m);{ varies slowly with x compared with n, that the ex-
4

pressions for the transport coefficients are
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The formulas (2) and (3) are valid if the ira

ansport lengths
are short compared with[,, and Iy<c 1, (Ref. 4}.

It is clear from Egs. (2) and (4) that the Hall coef-

ficient is governed by the average carrier density, i.e.
the density in the crystallites, “hereac the I‘LSIStlY’LI‘y is
determined by the average value of n71, i.e., by the inter-
crystallite boundaries and if n(r) < ng, the inequality n-t s

n~! is satisfled. If, as in the case of polverystalline
fitme,?® the reduction in the carrier density in intercrys-
tallite boundaries of a fragmented structure is due to the
presence of potential varriers V(r) between the cryst al—
iites, we may assume that the greatest contribution fo n—!
of an intercrystallite boundary is made by the region near
the maximum of the barrier V(r). Expanding V(r) = V(x)
as a series and locating the origin (x = 0) near the maxi-
mum V = Vi, we find that

eV

n{z)=n, expt—— )exp (e, x?) L e =57

and

o /T :
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Here, Vn/ay is the thickness of an intercrystallite bound-
ary. It follows from Eg. (6) that n=1 > h,71 if exp eV /&kT
vu/ax{1/1) > 1. In this case the magnetoresisiance is
governed by the factor in front of the expression in brack-
ets of Eq. (3}, which is large for large values of uki,

the Hall mobility py ie —according to } ag. (2 —
r\“/’ n~! times smaller than g, Thus, uy < pfy, where
“H = (Tz/xﬁ),uxx is the Hall mobility in a homogeneocus
sample with the same value of Ry.

T\'HS’" eas

In general, when an intercrystallite boundary is in~
homogeneous in the y and z directions, the current
crosses this boundary mainly in the region with the maxi-
mum carrier density ("saddle point"), where after expan-
sion of V(r) as a series the value of n{r) can be repre~
sented by ‘

n(ry=n, exp(

fa,=ay = 0, Eq. (7) reduces to Eq. (5), and we can ap-
nlv the formulas (2) and (3).

The problem cof the resistivity and magnetoresistance
of a struciure with "saddie" regions of this kind can be
solved if n~! > n~!. Such a solution is given in Ref. 7 for
the case when ay = a‘ = a, = 0 and (7/m)j; = 7/m. U

we generalize the results of Ref. 7 to the case of an asym-
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, Ry, and py are
of Eq. ;‘) where

o (8)

and the magnetoresistance is governed by the factor in
front of the brackets in Eq. (3}. In Eq. (8), the cuani
dy and dy are the dimensions of an intercrvsiallite &
ar\ along the v and z axes, “/wyah is the cross section
of the current-conducting part of the "saddle” region, and
Tf,//\/md\'dz <«<1. As gy and gy decrease without limit,
Eq. (8) reduces to Eq. (6). The factor 1/An~! in Egs. (2)
and (3) is due to the shunting, by the cryvstallites, of the
Hall emf in an intercrystallite boundary.

It

oilows from Refs. 7 and 8 that the expressions (2)
and (3) give information on the characteristics of a sample
if we substitute in Eq. (8) some tvpical parameters of in-
tercrystallite boundaries governing the paths of flow of

the current. Then, the magnetoresistance may be higher
P Coher v -1 1. The
for higher values of py, and ¢ H/H Kk ~n~i/n- i. The
determination of the mobility in films from their magneto-
resistance on the hasis of Ec. (3 } ouey, at 283K for o =

8§50 em? - Vi sec!, which is close

1, the

mobi bulk p~type Ge with the same value

2) a:qd is an order of magnitude higher than gy { b
In the H || n case we find that in all interery stallite bound-
aries we have H 1 x and the macrnetoresmLance (Ap /0o

(2 I'n) is found from Eq. (3) by 1 .

If H L n, the magnetic field n*al\ec various angles wi
the direction of the current across the houndaries so LhaL
(Ap/pe) (H L ny is found from Eq. (3) by replacing pyj
with gp,, (the coefficient B < 1 appears as a result of
averaging over the various directions). In particular, in
the case of a random distribution of the intercryvstailite
boundaries we have § ~ 1/2 and we should observe a lon-
gitudinal magnetoresistance of the same order as the
transverse effect (see Ref. 7, where the three-dimension-
al case is considered, for which we have 5 = 2/ ’3\“ In fact
at 293°K the longitudinal magnetoresistance of our films
is of the same order as the transverse effect, whereas

in the case of uniaxially deformed? and undeformed??

bulk p-tvpe Ge it is at least an order of magnitude smalle
than the transverse magnetoresistance.

If Brgy > myy, then [see Eq. {1)1 we find that K =
(BHzz/Hyy) —1 > 0, whereas in the opposite case we > Gb-
tain K < 0. W henthetemperatme1svarledmtnemtervai
77-450°K, the relative band splitting »/kT changes and it
follows from an estimate based on Ref. 13 that there is a
room-temperature transition from strong deformations
{7/kT > 1), characterized by u,, > pvy, to weak defor-
mations (n/kT < 1), characterized by “P;zz < uyy {Rel. 3y,
This explains the change in the sign of ¥ with temperatur
(Fig. 1).

Intercrystallite boundaries in polverystalline films
have been envoked earlier for the interpretation of thp
Hall effect and conductivity but not for the interpretation
The value V; ~ 15 me\ de-

18 of the same O

of the magnetoresisiance.
duced by us from the dependence ppu(T
der as that reported for poly czfystaﬂine films in Ref. &.
It is clear from Eq. (6) that the small value of V; cannol
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Fig. 1. Temperatre dependences of Ry (1), 4y (2), (Bp/p)H L n) (3),
and {Lp/pe B ttnj(4) of a singie-crystal germanium film, 9 u thick, de~

posited a1 850°C on a silicon substrate. The measurements were camried out
in a field of H = 19.6 kOe.

explain the large discrepancy between gy and u%, where-
as this discrepancy can be accounted for by using an in-
homogeneous houndary model corresponding to Eq. (8).
The applicability of the model emploved here to polyerys-
talline films was tested by us by determining Ry, ¢, andthe
magnetoresistance of p-type Ge polycrystalline films

~ 5 p thick prepared at Ty = 623°K on GaAs and Si sub-
strates. The mobilities deduced from the magnetoresis-
tance were foundtobe four to five times higher thanthe ef-
fective values kg and were close to the mobilities in bulk p~
type Ge with the same hole density.? We also observedalon-

enetoresisiance of the same order as the

ct and found no correlation hetween the
ture dependences of the magnetoresist
o the temperature dependence of the ratio

¢ and

ented structure is a specific defect siructure which appears in
thermal stresses and rep-

ocracks and dislocation walls.!
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