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Clean surfaces on p- and n-type Ge were obtained

by cleavage of the crystals in liquid helium. 1In

all samples after annealing the surface conducti-

vity was of p-type and reached the limiting value

om £4.10""% @=!, with hole's concentration

ng= (6~10).10'? cm™? and mobility u,=400-250 cm?/v.sec
The phenomena are similar to the investigated

early on the grain boundary interfaces in bycrys-

tels of Ge [1].

Clean surfaces were prepared by cleavage of crystals in liquid
helium so far as helium has high chemical inertness and all impu-
rities in it are frozen and fallen out.

The device for cleavage and sample were placed in a hermetic helium
cryostat. The samples of (1-4) mm thick and of 1 cm? in square
were cut from orientated in [11l1l] direction bars of n- and ? type
Ge with different concentration of impurities 10'°gN; £5.10'° cm”
The contacts of different geometry were formed by alloying of Indlum
on both sides of Ge plates. For the Hall-effect measurements the
distance L between contacts was nearly 6-8 mm, the width of conduct-
ing area S ~v (142) mm, and the contacts were located as shown in
Fig.l. Only two contacts have been used for the J-V measurements,
and the values of L and S were varied from 1 to 7 mm. Typical
dependence of current on applyed voltage at T=4,2°K is shown in
Fig. (1). As is seen from these data, the conduction was diminished
after cleavage, as the cross section of the sample was reduced.
Therefore, the surface conduction immediately after cleavage, was
very small in comparison with
bulk germanium conduction,
A 0=10"° Q~! at this temperature.
But after intermediate heating
of the sample surface conduction
greatly increased.
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At similar conditions a
strong increasing of ultrahigh
frequence's absorbtion was
observed in paper [2].
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As is seen from Fig. 2, the
values of g; measured at
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-8 ﬁ T=4,2°K, strongly depended on
10 B iv? temperature T, and duration t of
]ndLunL nii intermediate heating in helium
i R vapour.
=10 Contacts -V-
-3 P} —g {
10 'IO 10 10 10 Fig.l Typical j—f(V')on sample
VO ts with LA S = 4 mm, at T = 4.2°K
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The conductivity oj increas-

(SJ -4 ed up to the limiting value
-3 L ,gl om = 4.107*% Q7! irrespective
10 to the intermediate heating
rf-8-2 - temperature T; . But the dur-
_ % [ / ation of heating required to
40"'[ achieve the value op increased
/ abruptly with the decreasing of
& Ti . The duration t was
1(r5 | about several hours at T;~ 30°
and only a few minutes a
[32] [s1 [7":" [2¢] [26) Ti~40°K. If T;was greater than
-6 50°K, a contamination of sur-
10 face by gaseous impurities took
place, and the surface conduc-
10;1 tivity decreased appreciable.
3 / /// / / But in cases T; £ 40°K the
‘8Dv/j// S 7 limiting surface conductivity
10 e & Oom remained practically con-

1 10 10* 10° 10" 10 stant during prolonged heating
up to ten hours.
— £, sec—
’ The value . .
- - -1
Fig. 2 The values of 0j at Tg4,2°K 9m = 4i10th & ('20%) 11 (ll
depending on duration of intermedi- li nea; Y - € gamf ik sim
ate heating at Ui °"®(4°'38’ t @35 B D various bk Ympurity
-32. =9 230: =08 (@)= 0
©-32; A-31; A -30; 28;@-26, OK. concentrations.
This limiting conductivity does not depend on temperature of crys-
tals To over the range of measurement 1,5 £ T, £ 40°K, and does not
change in electrical fields up to twice overlow temperature break-
downfields in bulk germanium.

The Hall-effect measurements have shown that the surface conducti-
vity op in all cases is due to the motion of holes. For each sample
the Hall-coefficient R remained constant in the measurement limits
10-%< J <10-® A, and 100 € H < 7000 Oe, but for different samples
it varied by about 2 times,

ng = ( 6 - 10) . 10'%cm~2. (2)
The values of Hall mobility

Mo = RE . = (Y00-250) cml/V sec, (3)

These data (1,2,3) are similar to the observed in bicrystals of Ge at
the grain boundary interfaces [l1]. Conducting layer of holes ad-
jacent to the surface may be considered as degenerated two dimen-
tional gas with scattering of holes mainly on charged centers .}, The
experimental data of Hall mobility, for various samples shown on

Fig. 3, were compared with two-dimensional mobility, calculated

according to [3]. 2 i
_eenvn i 1 sk [Ls
M=2 'er:rsu.}f-b (ta"’ L/Jre"m\/jY_L>;

where «k - dielectric constant, h -Planck's constant,

m - holes effective mass, € - elementary charge
For the first approximation it was assured that Nj= /lgand that near
surface X = 16 andM~>0.4M, as in the bulk Ge. 1In this case the cal-
culated values of M are about two times smaller than the measured
ones, what may be considered as a quite satisfactory agreement.

(4)
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2 If intermediate heating is
cm carried out at T; << 40°K and for
\ m) V-sec a short period, then annealing
process is incomplete, and conduc-
500 I3 tivity o; does not attain the value
4o0 t Om.. Thgse_intermediate valueg of
0ij in liquid helium also remain
300 1 unchanged for many hours.
2 The Hall measurements on surface
200 with conductivity
100

0.10p < 04 < Op
o)) have shown that the concentration of
3+ Mo (m~ holes in this case also equal to (2).
56 7 8 g 10 Sy The dependence of surface conducti-
vity and hole mobility upon the dura-
Fig. 3° Dependencs /uwf=¥(”3) tion of the intermediate heating are
0 - experimental data shown on Fig. (4). As it is seen
from these data, the intermediate

- Grice value Of L inj heating call inio play an increase
to eq. (4) of mobility, probably connected wi
annealing of structure defects,
arising due to cleavage at low tem-
peratures.

Immediately after cleavage in
liquid helium the negligible sur-
face conductivity took place on

) the samples with specular clea-
-4 SEE vage surface. 1In case of rough
10 .Sz surface, having a great number of
4 G different defects, an appreciable
[ em? surface conductivity Os arised
- Jquzzy immediately after cleavage.
104 3 Depending on the type of surface
10 defects the values os varied
M L between (10-% - 10-°) @-!.

conductivity in liquid helium &%
Icﬁ spontaneously slightly increased
after cleavage. On all samples
with defective surfaces, signi-
ficant residual photoconductivity
was observed after visible light

106' _']O illumination. Following heating
’//// up to T;~40°K caused the increas-

/"' 4 - On certain defective surfaces the

ing of surface conductivity og
to the limiting value of (1),
A ! 1 the same as on the sample with
10 + = !. — specular surface.

———ft,sec-—e»

Fig. 4 The value of o0j and ui
at T,=4,2°K depending on dura-
tion of heating at T; =40°K
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Fig.5 Typical j-&
at T = 4,2 K on the sample with

L 27S = 4 mm and rough surface
after cleavage.

1) before cleavage
2,3,4) after following action:
2) cleavage, 3) illumination,

4) heating
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The observed phenomena can be explained by assuming that during

the cleavage of a crystal in liquid helium the electrons transfer

from the bulk valence band to the freshly formed surface, and by
energy they are coptured there, probably, on the dangling

losing Ep
bonds.
This process continues till the crystal surface gets filled with a

such large number of negative charges, that further transfer of
electrons can not occur due to repulsion. The electrons on the sur-
Calculation of its

face and the holes near it form a double layer.
energy in Thomas-Fermi approximation leads to the conclusion that

the effective width of the double layer is about 35 A° and the
bonds energy Ep per electron is about 0.1 ev.

We are indebted to E.G. Sokol for help in experimental work.
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