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ABSTRACT

The resistance to flow of electrons in these amorphous semiconductors which have very high density of localized
states may be controlled by hopping processes according to Lazarus. However, no theoretical calculations for the
electrical resistance of these amorphous semiconductors have been carried out to the best of our knowledge. In the
present work, we have tested an alternative approach which is based on the fundamental assumptions of Drickamer.
It has been stated by Drickamer that the basic effects of pressure on a material are; (1) to decrease interatomic
distance and (2) to increase overlap between adjacent electronic orbitals. Apart from these assumptions, Drickamer,
however, has not put forward any formulation for the explanation of his measurements. A simple phenomenol ogical
formulation based on these fundamental assumptions has been tested successfully in case of some semiconductors as
hydrogenated and non-hydrogenated amorphous silicon (a-S: H and a-S), germanium and selenium.
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INTRODUCTION

In recent years, considerable attention has besteresl on the study of pressure dependence ofieldqtroperties
of a solid [1-3]. Such studies are of primary intpace for characterization of a material and ase aiseful for
studying the electrical transport mechanisms, et band structure etc. While the basic factdfecting the
charge conduction at high pressure are governesbime fundamental physical processes, the actu#ilmation to
any specific electronic property may depend on nlagure of the solid. For amorphous semiconductbrs t
mechanism of electrical transport has been notlgtunderstood.

According to Lazarus [4], the resistance to flowetdctrons in these amorphous semiconductors whagie very
high density of localized states may be controligdhopping processes. However, no theoretical ttions for the
electrical resistance of these amorphous semicéodubave been carried out to the best of our kedgé. In the
present work, we have tested an alternative appradiich is based on the fundamental assumptiomrickamer

[5]. It has been stated by Drickamer that the baffiects of pressure on a material are; (1) to ebs® interatomic
distance and (2) to increase overlap between aatj@bectronic orbitals. Apart from these assumpsjddrickamer,

however, has not put forward any formulation fag #xplanation of his measurements. A simple phenofagical

formulation based on these fundamental assumpliaadeen already tested successfully in case @riaatsuch
as polymers, semiconductors etc.

2 Formula Used for Calculations
The calculations in the present work are basedherfidllowing formula [6].

R(P) = A(P/Pc)%e F(P/Pc) )
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where R(P) denotes the resistance of a given ablpdessure P. Ay andf} are adjustable parameters and Pc is an
arbitrary pressure for making dimensionless. Equation (1) may also be writtethi logarithmic form as given
below:

logR(P) = log A + alog(P/Pc) — B(P/Pc) 2)

Since the influence of compression on the dimerssionthe solid is small, one can write a similaua&tipn for
resistivity p in a form similar to Equation (1) as

p = Ag(P/Pc)*e P(P/Pc) 3
logp = logA, + alog(P/Pc) — B(P/Pc) 4)

For the sake of the comparison, the pressure caifi of logarithm of resistivity has been alsocotdted here.
This coefficient may be calculated from the equati) is written as

dlogp_g_ﬁ
P P Pc ®)

In this paper, the resistance/resistivity calcolasi have been made for a number of materials. &ohn ef the
materials, the analysis has been carried out withhielp of the Equations (1-4) and the resultscamapared with
the available experimental data. The deviationsiben theory and experiment have been estimatedthéthelp of
a quantity:

S = Y, [{Experimental value}; — {Theoretical value};]? (6)

Depending on the nature of the data availableexperimental or theoretical value in Equation (@) @orrespond
to either resistance or resistivity or some ottedated physical quantity. In the above equatiortamds for the
number of total pressures considered in the caloak The parameters &, andp are varied in such a manner so
as to make S minimum. This ensures a best possijpeement between the theory and the experiment.

RESULTSAND DISCUSSION

According to this formulation, the resistance te flow of electrons in a solid at high pressure rhaydetermined
by the following relation.

= AG) exp (B (7)

Here R and R are the resistances of a semiconductor at amarhhigh pressure P, respectivelycdandf are
the parameters having values depending on theenafuhe semiconductor. B an arbitrary pressure introduced to
make 3 dimensionless. The details of this formulation arelerlined in Reference [6]. However, for the sake
completeness; we wish to mention some of its featun the present work also. The resistangeoR a
semiconductor may be written in the form of a fallog polynomial of pressure P [7].

Rp = a[)P + 31P2+32P3 + -
RP zaop(1+blp+bzpz+"') (8)

where b=3g /g withj=1, 2, 3...

When pressure is applied on semiconductor, it tesu the overlap of charge distribution of two resa
atoms/molecules which will make a repulsive contitn to the interaction energy of two atoms/molesuSeveral
empirical forms describing this repulsive interantiare available in literature. According to M.RosT [8], the
repulsive interaction between two atoms may haeeettponential form &2 where d is intermolecular co-ordinate
and B is the measure of the range of the intenac#d high pressure, d will be function of P. Irewi of this, the
quantity in bracket has been approximated by aromemtial term &. On account of this, the equation (8) is
unbalanced and this imbalance has been somewhested by putting a power afon P. The resulting equation (7),
thus, incorporates both the assumptions of Drickdmphenomenological manner and is found to giveasonable
description of pressure induced resistance of acesmuctor.
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3.1 Amorphous Silicon

Effects of hydrostatic pressuoa electrical resistively of hydrogenated and-hydrogenated amorphous silicor-
Si: H and aSi, respectively) at room temperature have beeerargntally investigated by Laza [4]. From these
results, one can easily extract information abbevariation in electrical resistance of these sendcmiors agains
pressure by using the value of linear compresgil{{i~3x10*kbar).
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Fig. 1- Variation of electrical resistance of non hydrogenated amor phous silicon
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The theoretical calculation for pressure dependericelectrical resistance has been carried outhanging the
value of the parameters &,andf3 appearing in equation (7) in such a manner so abtain a least square fit with
the measured data. The calculated results foribesemiconductors i.e. a-Si and a-Si: H has beempaced with
the derived experimental data in Figure-1 and peesvely.

It is clear that equation (7) yields a good deswipof variation of electrical resistance with gsare. The values of
the parameters used in the calculations are quiot€dbles 1 and 2.

Table 1- Values of the parametersused in calculation resistivity for a-Si

Material Silicon a-Si Values of the parameters
Resistivity Calculation] LogA=0.016] o =0.008] B =0.029

Table 2- Values of the parametersused in calculation resistivity for a-Si: H

Material Silicon a-Si : H Values of the parameters
Resistivity Calculation | LagA = -0.056 | o =-0.026]| B =-0.145

A comparison of the present calculations with tlipegimental results [4] show that the deviationtledoretical
value from the measurement is nowhere greater 38%rexcept in the neibhourhood of 1-2 kbar. Frons, titi
appears that the assumptions on which our residtbased may throw some light on the processesmsipe for
pressure induced variation in electrical resistivaf amorphous solids. It may be noted that Lazd#jsn his
concluding remarks has not clearly identified ariyth® pressure dependent physical processes, whah be
operative in these amorphous semiconductors becafisthe limited temperature range available for the
experimental investigations. Further, the informatabout the nature and content of the impurityhim samples
used for measurements is also not available.

3.2 Germanium

In the present work the calculations made for skisiiconductor have been compared with the expetahsrsults
of Paul and Brooks [9]. However, they have notiedrout any resistivity measurements on this nterere it
may also be pointed out that the experiments dstidty measurements were carried out by Paul Brabks. Due
to this, the parameters obtained from the numesdaalysis of the band-gap (Eg) results by Gonil §1@] have
been used to study the pressure induced resistiiBe as measured by Paul and Brooks [9].

The present results on pressure coefficient of bgayl energy (4.5x1®V/bar) are comparable with the same
quantity obtained experimentally (5x3%@v/bar). However the experimental results obtaimg&aul and brooks [9]
were not in agreement with the results of Gonildil@] (12.1x10°eV/bar). The present work also includes the
analysis of data published by Goni et al [10]. Theoretical values of the resistivity have beerttptbin Figure 3
along with the experimental results. Both the th#oal results are in reasonable agreement withnbasured
values as it is clear from the Figure 3. The patarseused in the calculation are mentioned in &&bland
according to formula equation (2).

s 0

N — Pressuwe ( GFg) —=

Fig. 3- Variation of resistivity with pressurefor a sample of n-type germanium at 296°K
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Table 3- Values of the parameter s used in calculation resistivity for germanium

Material Germanium (Ge Values of the parameters
Resistivity Calculation | logA=3.76] 0= 0.15[ p=-1.37

3.3 Selenium

Selenium is other group material with a direct bgag in n-type conduction. It is used in seleniwttifiers. The
effects of pressure on the optical edge of selerfiane been studied by Balchan and Drickamer [13ak found
that selenium approaches to metallic state neantal®0 Kbar. Balchan and Drickamer have also cadroet the
resistance versus pressure measurements for saldhiwas found that selenium shows a sharp draggbofit 2 to 3
orders of magnitude at 130 to 135 Kbar. Since éséstance and optical edge studies have been nyaithe lsame
group, one can, therefore, test the applicabilitgguation (2) for selenium.

Numerical studies for the electrical resistancarsggressure have been made with the Equatioren®}he results
have been compared with the measurements of BalahdrDrickamer in Figure 4 respectively. The nupari
values of the parameters used in the calculatiomdisted in Table 4. The obtained values of theapeters have
been utilized to estimate the expected pressurenéallization of selenium. This estimated presammes out to
be 110 K bar which is in close agreement with ttegljgcted value of 130 K bar.

Table 4- Values of the parametersused in calculation for selenium

Material Selenium (Se Values of the parameters
Resistance Calculatiop  lpd = 27.15] o= 1.03 | p= 12.95
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Fig. 4- Relative resistance ver sus pressure for selenium
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