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The electrical properties of amorphous Si layers produced by Si implantation are similar to those of
amorphous Si films obtained by evaporation or sputtering.

The electrical properties of a-Si films prepared
by evaporation" and by sputtering' have been pre-
viously described. The amorphous character of
ion-implanted Si has been inferred from numerous
experiments which have been recently reviewed. 4'

In particular, electron-spin resonance (ESR) and
optical-absorption studies were performed on both
a-Si layers obtained by ion implantion and sputtered
as well as evaporated a-Si films. s The purpose of
this paper is to complete the previous studies by
measuring the electrical properties of ion-implan-
ted a-Si.

The amorphous Si layer was produced by room-
temperature bombardment with 10'e Si'/cm' at
75 keV in a 3000-0 cm float-zoned silicon wafer
0.05 cm thick. The thickness of the amorphous
layer was estimated to be equal to the projected
range of the implanted ion, 1000 A. The tempera-
ture dependence of the resistance for two different
regions of the same irradiated wafer which was
measured by the same technique used for the amor-
phous films is shown in Fig. 1. It is clear from
Fig. 1 that just as in the case of sputtered or evap-
orated a-Si films, ' the low-temperature resis-
tivity is well fitted by the relation

p = po exp( To/T)

where T, is givens by 16ct s/kN(E„); o.' is the coef-
ficient of exponential decay of localized-state wave
functions and N(Ez) is the density of localized states
at the Fermi level. The deviation towards lower
resistance at about 220 'K is not related to the
a-Si layer, but is caused by the lower resistance
of the crystalline substrate which becomes more

dominant above 220 'K. The temperature depen-
dence of relation (1) suggests a thermally activated
hopping conductivity via localized states 9 similar
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FIG. 1. Temperature dependence of the resistance for
two regions of the same irradiated Si wafer.
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to the one described in amorphous semiconducting
films. ' Furthermore, the values of the prefac-
tor po and of the temperature coefficient To (both
shown in Fig. 1) are very close to those for evap-
orated ' and sputtered a-Si films. Using n
=10' cm ' (the accepted value for a-semiconduc-
tors~), one concludes that the density of localized
states in ion-implanted Si and in a-Si films is

the same and equal to (2-3)x10'8 (eV cm~) '. This
electrical similarity supports the similarity in
optical absorption and in ESR measurements al-
ready reported. 6
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