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The pressure dependence of the time constant 7 characterizing slow relaxations of surface:
- conductivity in germanium has been studied in ethyl alcohol vapour ambients. An exponential
expression was found for the dependence on pressure and temperature of the time constant.

+ Introduction

It was pointed ‘out by several authors [1—4] that slow changes in surface con-
ductivity of germanium due to abrupt changes in an external d.c. electric field
applied perpendicularly to the samples, can be described by the following equation:

‘AO"=‘AO'OCXP[—%], . . ‘ | n

where 4o, means the initial change in surface conduct1v1ty after switching on-or off
the electric field, and 7 is a time constant characterizing the relaxation. It was found
that the time constant 7 is independent from the value and polarity of the electric
field, whereas it varies with the ambient atmosphere and its pressure, as well as
with the temperature of the sample: The value a=0.6 was obtained experimentally
by Koc [1]. The temperature dependence of the time constant v was found to satisfy
the following relatxon [11, [4—T7]:-

T = ‘L'Oexp 2? ' - 2

where AE means the act1vat10n energy of the process govermng the slow relaxatlon
“effects, and 7, is a quantity independent of temperature, which depends only on.
the pressure and the quahty of the ambient.
Egs. (1) and (2) are in good agreement with the experimental results obtamed-
“in water vapour and in alcohol vapour ambients. :
The process of slow surface conductivity relaxation in germanium was inter-
preted by DORDA [8] assuming that-the relaxation is governed by two mechanisms:
diffusion, and.tunnel effects irivolved in the charge transport between the surface -
.of germanium and the oxide layer. DOrRDA obtained Eqgs. (1) and (2) on a theoretical
base. It is remarkable that he found a theoretical value of approximately 0.35 for.
the constant a of Eq. (1).
" 'The dependence of 7, on the pressure. of moist air at constant temperature was
investigated by Koc [6] and the function In 7, vs pressure was found to be linear
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in the range of 0—200 mm Hg. This result can be written as follows:
7o = To(0)exp bp, A3)

where ro(O) is the value of 7, belonging to 0 mm Hg pressure, b 1s a constant and
p means the pressure of the ambient.

 Experimental

The apparatus, the contact arrangement, etching and heat treatmeni of the
samples, as well as other conditions used were the same as in the measurements
described in [4].

In all measurements p-type germanium' samples of 30 Q cm resnstmty were
.used.

Pressuré dependence of the time constant t of slow surface conductivity relaxa-
-tions was studied first. For this purpose the samples were placed in a vessel of constant
temperature (24.5°C). The pressure of ethyl alcohol vapour varied between 2 and -
30 mm Hg. Relaxation curves were
. recorded 2 hours after the adjust-
400 _— : o ment of each alcohol pressure, be-
cause this time was found necessary
for building up equilibrum between
the surface and the alcohol vapour.
The time constants were determined
from Eq. (1). Fig. 1 shows the expe-
rimental values of 7 vs pressure. It .
is to be seen that the points can be
fitted with a straight line within the -
limits of error of measurements. It
follows from the results that the

40

e 20 30 - %0 pressure dependence can be des-
_ A p(mm Hg) cribed by the relation :
Fig. 1. Dependence of time constant 7 of slow sur- op) = 1 exp ( —
face conductivity changes in germanium on pressure (‘D) o(0) exp ( .blp ),
of ethyl alcohol vapour at 24,5 °C temperature T=297.7°K, @)

where b, is a constant, which is found to be about 0,061 (mm Hg)™! from the slope
of the straight line in Fig. 1.

The pressure dependence of the activation energy for slow surface conductivity
changes in germanium was also investigated. For this purpose the relaxation curves
were recorded at constant temperatures of 13, 18, 22, 29 and 36°C, at constant

" pressures ranging between 2 and 24 mm Hg. The activation energies were determined

with the aid of Eq. (2) from the curves In t vs 1/T measured at constant pressures.
Fig. 2 shows the results obtained as a function of alcohol vapoéur pressure. The
curve shows a-linear decrease with a slope of —0,043 eV (mm Hg)™! in the range
of 0 to 14 mm Hg (dotted line); at higher pressures the measured values were higher
than it would follow from linearity (solid line).
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_The dependence of 7, on pressure at 24,5°C-was calculated from the results
shown in Figs. | and 2, using Eq. (2). The results obtained are plotted in Fig. 3 in
‘a logarrthmrcal scale as 4 function of the pressure of alcohol vapour..It is to be seén
-that the curve is practically linear in the pressure range of O to 14 mm Hg; deviations

~from linearity occur at higher pressures..
From the curve of Fig. 3 it can
be seen that the pressure dependence

" of 7, in the range of 0 to 14 mm Hg .

“can be described by Eq. (3). The slope
of this curve was found to be 6=1,62
(mm Hg)=%.

It is remarkable that at. pressures

above 38 mm Hg another type of slow

surface conductivity relaxations  was
. observed, which is totally different from
that described by Eq. (1).’

Discussion

- 'In order. to explain the pressure
dependence of t let us assume that

AE(p) = AE(O) p,- (5)

where AE(p) and AE(O) are the activa-
tion energies belonging to pressures p
- and O respectively, and c is a constant.

From, the results -plotted in Fig. 2 it~
can be seen’ that the Eq. (5) holds for

pressures 0=p <14 mm Hg. Therefore

the following calculations will be valid -
for this pressure range. Usmg Egs. 2)

and (3) we can write -

(1) = ro(p)exp ﬁﬁ ©

v Derlvatron of both sides of Eqs 3), (5)‘
- .and (6) with respect to p, grves -

d‘c(p, T)
. o dp
Cdn(p) [ AE(p) e
™
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Fig. 2. Pressure d-ependedce'. of activatidn-energy
for slow surface’ conductivity changes in germa-

nium. determined from the slopes of In 7 vs 1/T.
curves measured at constant pressures
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Fig. 3 The depencence of ro on pressure in the
range from'0 to 14 mm Hg, calculated from the‘ )
data of Figs. 1 and 2 for 24,5 °C
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and

LD @bexp () = bro(). ®

Substitution of dL“}(pp—) from Eq. (8) into Eq. (7) leads to the following differential

equation: ‘ :
at(p, T) |, ¢ )
(p.T) b—kT ap.- (9,)
~ Solving Eq (9) and usmg the boundary. condition r(p, T)=1(0, T) (for r=0) we'
obtain

r(p,T)=t(0,T)exp{[b——c—]p}. o (10) -

In the pressure range of 0=p <14 mm Hg for constant temperature on the
base of Egs. (10) and (4), :

c
can be written, Taking the values of the constants into consideration, the validity
of Eq. (11) can be proved by our experimental results. As from the linear part of
the curve plotted in Fig. 2 we obtain ¢= —dAE]ldp=0.043 eV (mm Hg)~! and so
" ¢/kT = —1.67 (mm Hg)~'. Taking into account the value b=1.62 (mm Hg)"!
found earliet on the basis of Fig. 3 we obtain b —c¢/kT = 0.05 (mm Hg)~?, which
is in satisfactory agreement with the value —b&; = —0.061 (mm Hg)~* derived
from the results plotted in Fig. 1.

" It can be concluded from the above: results that Eq (4) is valid in the pressure
range of 0=p =38 mm Hg, whereas Eqs. (3) and (10) hold in the range of 0=p~<
<14 mm Hg. If the function 4E= AE(p) were linear in the whole pressure range,
Egs. (3) and (10) would be valid for higher pressures, too.

It is to be remarked that the limits of error of the activation energies measured
at higher pressures are greater than those for lower pressures, because-the temperature
dependence of AE becomes less marked with increasing pressures. However, the -

“temperature dependence of the activation energy can be undoubtedly demonstrated
- even at 24 mm Hg. :

From the appearance of another type of slow surface conductrvrty relaxations

it can be concluded that the theoretical descrrptron of the effects in question glven
: by DoRD A cannot be applied at higher pressures in alcohol vapours.

We assume that this latter circumstance and the errors of the measurements
at all account for the fact that no remarkable deviations from Eq. (4) were found
above 14 mm Hg, though such departure were to be waited from the non lmearlty
of the AE—p dependence in this pressure range. :
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3ABUCHMMOCTB ME/JIEHHOI'O U3MEHEHMS TTPOBOAMMOCTH
HA TIOBEPXHOCTU TEPMAHUS OT. JABJIEHUSI B ATMOC®EPE
CITUPTOBOI'O TTAPA

A. Ulioau
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HccenenoBanace 7 NOCTOAHHASs BPEMEHH, XapaKTepHas A MEMJIEHHOH peNaKCalMM NPOBO-
JAMOCTH Ha MMOBEPXHOCTA TepMaHuA B aTMoctepe mapa 3THIOBOTo CipTa. I10myYHiIace IKCIIOHEH-
umansHas GOPMYJHMPOBKA 3aBHCUMOCTH TIOCTOMHHOM BpPEMEHM OT JAABJIEHHS M TeMIepaTyphbl.



