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A study was made on slow relaxation effects produced by-an external d. c. electric field on the
oxidized germanium surface at different pressures of ethyl alcohol vapours and the activation energy.
of the controlhng process was determined from the temperature dependence of these slow effects.
A decrease in activation energy from 0,46 eV to 0,08 eV was found as the pressure of the alcohol'
ivapour increased from 4 mm Hg to 24 mm Hg. .

Introdu'ction

One of the authors (S. K)) found [1 2, 3] that the slow changes in the surface
conductivity of germanium samples due to the abrupt changes in the external d c.
electric field can: be descrrbed by .the following empirical relation =~

0,6 ’ ’
Ao = A, exp‘[e7] . L _ n

where 4o, means the initial change in surface conductivity at exposure of the sample
to-the influence of the external electric field, and 7 is a constant independent from the
value and polarity of the external field, but Varyrng with the ambient and the tem-.
perature of the sample.

The temperature dependence of the trme constant T can be expressed [1 4,5, 6]
as: follows:

' AE - ‘ -
r_roexka, . - @

where AE means the actlvatlon energy of .the process controlhng the slow eﬂ'ects

‘Experimental arrangement

' The apparatus used for our measurements, shown in Fig. 1, consisted of the
fundamental part of the apparatus described in [1, 2]. Each p-type germanium sample
of 12 Qem resistivity, and. about 15 mm X5 mmX0,45 mm in size, was supplied -
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with four Au contacts. The two end contacts were used for feeding the sample

- with direct current of constant intensity, and the two intermediate contacts served
as potential probes for compensation of the voltage drop along the sample. The
constant d. c. voltagé U, being substracted from the potential difference between
the intermediate contacts, the resulting signal was automatlcally recorded by an
instrument with large input resistance.
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Fig. 1. Expenmental arrangement 1Gesample, 2 d. c. voltage 0—300V

supply, 3 compensating voltage U, supply, 4 d. c. amplifier with high

input resistance, S recorder, 6 vessel filled with alcohol vapour and kept
: - at constant temperature, 7 Mylar strip, 8 field electrode

The d. c. electric field was applied to a metal electrode insulated from the -
surface of the germanium sample by a Mylar strip of 10 u thickness. :

The sample was etched in a mixture of HF and HNO; (1:1) and rinsed in
distilled water, then subjected to oxidation for half an hour in a furnace contain-
ing air of atmospherlc pressure at 100°C.

For the measurements the sample was placed in ‘a container filled W1th alcohol
vapour and kept at constant temperature by means of a thermostat.

The container having been evacuated by means of an’ oil diffusion pump, was
filled with alcohol vapours of different pressures. The measurements were performed
after the equ111br1um had been established.

Experimental results

The slow changes in the surface conductivity of the germanium sample fol-
lowing the switching on and off of the external d. c. electric field applied to the metal
electrode, were recorded for constant pressures of ethyl alcohol vapour at different
terperatures (ranging from 13°C to 36 °C). Such measurements were made with
various pressures of alcohol vapour (from 4 mm Hg to 24 mm Hg).

In all cases the slow relaxation curves of the surface conductivity of germanium
were in good agreement with relation (1), therefore the time constant T could be
determined -on the base of this equation.

- In studying the effect of the alcohol pressure on the slow changes of the surface
conductivity a decrease of the time constant t with increasing pressure of the alcohol
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vapour was found. This effect resembles that
described in [4, 5, 6] for the case of ambients.
contalmng water vapours.-

The temperature dependence of the time..
constant t at different pressures of alcohol va-
pours was investigated in detail. It -was found
that equation (2) can be used for describing the
connection between 7 and T in the case of alco-

~ hol vapours, too. As shown in Figs. 2a and

2b, the points of measurements fit to the stra-
ight lines within the accuracy of the measure- .

- ments. Using the equation (2), the activation =
.energy AE for the slow surface conductivity

changes of germanium can be determined from
the slopes of the characteristics on Figs. 2a and
2b. The activation energies obtained in this way
as a function -of the pressure of alcohol vapour -
are shown in Fig. 3. The figure shows a dec-
reasing dependence of activation energy on
pressure, similar to the case of water vapours:
found by one of the authors (S. K.) [5]. Remar-
kably the activation energy does not approach

zero even at 24 mm Hg.

Conclusions

A It can be concluded from the results of our
measurements that the'time consstant t and the

- activation energy AE of the slow changes in the '
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Fig. 3. The dependence of 4E, the activation energy for
slow surface conductivity changes in germanium vs pres-
- sure of ethyl alcohol vapour
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surface conductivity of germanium vary with the reversible adsorption of alcohol
vapours as well, as in the case of water vapours. The results obtained can be
explained on the basis of DOrRDA’s theoretical work [7] according to which there
are two processes governing the slow relaxations: the diffusion and the tunnel
mechanism involved in the charge transport between the surface of germanium
-and the oxide layer, the first of which shows a strong temperature dependence,
whereas the second is independent from the temperature. The first mechanism pre-
vails in vacuum and at lower pressures, the second becoming predominant at
higher pressures.
The activation energy belonging to vacuum, estimated from the curve of Fig. 3
seems to be lower than that found by both Koc [5] and PiLkuHN [4] (0,79 eV) on
-.samples with thick oxide layers, probably in consequence of the thinner oxide layer
produced by the relatlvely shorter time of ox1datlon (half an hour) used in our

experiments.
# * %k
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BJIIMAHUE CF[_I/IPTOEI)IX TTAP HA MEJJIEHHVYIO
PEJIAKCALIVIO TMOBEPXHOCTHOW TTPOBOJMMOCTU TEPMAHU S

C. Koy, A. tlwoau

HccnenoBanncs MeMTEHHBIE TIOBEPXHOCTHBIE 3¢ (hEeKTHI pefiaKCalMK Ha MOBEPXHOCTAX OKHCIICH-
“HOTO TepMAaHHf, CO3JaHHbIE BHEMIHHM TPAMOHANPSIKEHHBIM 3JIEKTPHYECKHM MNOJIEM NPH Pa3jiKy-
HBIX HOABJIEHUAX JTHIIOBOH maphl. DHEPrus aKTUBAUMM OblNa ompeaesieHa B 3aBHCHMOCTH OT TeM-
TepaTypsl MeMUIeHHbIX 3(dexroB. Habnomanoch noHmxeHne dHeprud axtuBauuu ¢ 0,46 9B Ha
-0,08 3B, Kor,ua naplieHHe CHMPTOBOIt NMaphl MOBILIANOCH ¢ 4 TOpa Ha 24 Topa.



