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Temperature variation ol Hall coefficient and Hall mobility for different.
thuckness of tellurium films have been measured, films were deposited
keeping all other evaporation parameters constant. Results of the
present measurement show that the nature of vamation of Hall coeffi-
cient. and Hall mobility with temperature 15 quabtatively different.
for thick and thm films  The Hall coefficient and mobilty of tellu-
rum films seem to obey approximately the relations;
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respectively, whore 4, p,. p, and (! are constants for a particular film.
Suttable seattering mechamsms have been suggested 1o account for
the results. Structural delects and mmpurities bike oxygon appear
o control the galvanomagnetic properties of tellurium films

1. TxmnopveTow

Many workers (Scanlon et al 1947, Sakurai et al 1952; Yin Shin-Duan et al 1961;
Schwurtz ¢t al 1964) have investigated 1he galvanomagnetie propertics of
tellurium  films and have cxplaned those results m terms of the surface
states or  film structure  Glhosh (1959) observed that the values of Hall
mobility in these films are much smaller than that of the bulk and the Hall
molnlity decreases with docrease of the film thickness. Goswami & Jog (1968)
have observed that the aclivation energy depends on the thickness and the rato
of doposition of the film. Ym tuan & Regel (1961) bave observed that when tel-
luraum fims, 300x thick, are properly anncaled. it is pussible Lo obtain specimens
w which the Hall coefficient changes from positive to negative value. 1t has heen
reported by Caper & White (1973) that the Hall mobility of tellurium films in-
creases with orystallite size and range of deposition; according 1o thewr results
the carrier concentration of such films is also mcreased with increase in the rate of
deposition. These resulis are in agreement with those of Dinno ef al (1974).
who have recently reported that the conductivity of thn films of tellurium mn
vacuum can bo explamed in terms of carrier concentration and mobihty presum-
ably on the assumption that the carrier concentration mcreases with increasing
defects and mobility increases as the graing grow i size but may decrease with
increase in defoct concentration
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The clectrical propetties of tellurium films are known to be affected by al,.
sorption and diffusion of oxygen, when such films after deposition in vacuum arc
exposed o atmospherie awr. Despite a large accumulation of work on tellurium
films there hax heen as yet very limited investigations which can be considered
as w comprehensive study of the nature and concentration of defects in the samc
filtn along with its carrier concentration and mobulity for a satisfactory unde.
standimg of is galvanomagnetic properties.  The present paper forms a part of
such o programme of siudy of tellurium films

Chaudhwny (1974) has studied the temperature variation of the clectrical
conductivity of the tellurium films of different thickness in vacuum along with
alectron mucroscopie examination of the films  The variation mn the concentra-
ton of Tattice defects of the specimens, determined by X-ray diffraction methods
have heen reported by Mitra & Chowdhury (1974). The present paper reports
the temperature varation of Hall coefficiont and Hall mobihity of the same speci-
mens of tellonum films; the aim of the mvestigation was to study the influence
of structural defeets and diffused oxygen on the galvanomagnetic properties of
1he film ‘\

2 LEXTERIMENTAL PROCEDURE \\

Tellurum films on glass substrate were prepated with the holp of a conven.
tional vacuwn coating unit, Experimental conditions for the prepatation of {le
films wero the same as that teported by Chaudhuer (1974).

The voltage and enrent measuring cirats wore constineted following the
standard orcnit given by Pngh & Foner (1953)  The Hall and resistive voltape
wero measured with o microvoll. potentiometer with a Laston-Becker chopper
amphifier and a wide scale millivoltmeter as ontput meter. In this arrangement
a voltage of the order of 0.147 could be measured. The design and construction
of a suitable samlple holder constitute the major dafficulty in the measurement
of Hall effects; the tronble 1 mamly due to the eontact probes, which have a
tendeney to serateh out the film  After prolimmary trials the difficulties weie
finally removed hy making a sample holder from thick mica sheet fitted with
phosphor bronze sprmgs at predeternuncd distances. These springs not only
made automatic electrical contacts for current and Hall probes but also kept the
sample rigidly in position  However, to ensure good electrical contacts, iraces
of aquadag were also used at the contact points.

[xperiments on the measurement of Hall coefficient and conductivity of the
films exposed to outside atmosphere were performed in a vacuum chanber which
could e evacuatod to about 10-4 to 10-3 torr. The sample was removed. to this
vacuum chamber in order to avoid tho disturbances that may arise due to vana-
tions m atmospheric condition. A heater and a copper-constantan thermo-
couple were provided in the experimental chamber m order 10 measure the tem-
perature and also to keep the sample at different temperatures of the bath.
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3. Rusvurs anp Discussions

Figure 1 shows the variation of Iall monlity with K’ at a constant (empera-
ture where K’ is the ratio of thickness of the film and the mean free path of the
carricrs. The value of mean free path obtained from the measured valuo of
mobility of the order of 4.2 10-%cm. 1t 1 observed that Hall mobility of the
film is decreasing with the decicasing value of K”. This result agrees well with
the theoretical prediction by Amith (1960) The variation of Hall coefficiont
with magnetic fiold is shown in figure 2 There 15 no appreciable change . Hall
coofficient. within the range 07 to 6 0 kilogauss of magnetic field 8o it can be
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smid that the Hall coefficient is measured in the limit of small magnetic field. The
observew variation in Hall mobility with K’ should thus be attributd ta the effoet
of scattering of carriers in the relevant region of the film. Therefore the ratio
Ra(f)/Ru(d) and pu(f)/pa(b) should give only the scattering correction factors
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for ifferent tluckness of the film, R y(f) andpg(f) are the values of Hall coefficient
and Hall mohlity respectively for thin films and Ry(b) and pg(b) are the corres
ponding values for the hulk.  Assuming space charge layers on either side of the

film to be identicnl, the Hall coefficient of the film can be expressed (Chaudhuw
1974) ax,

2l
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where oy and o, are the hulk and surface conduetivities, ds and d are the thickness
of the surface layer and total thickness of the film respectively  Here dg s taken
to be equal to the Debye sereening length, the value of which 1s about 300au for
the films used. From the above relation the vidio pg(f)/pa(b) was found to inerease
with the decreasing value of K’ The value of pp(f)/pr(b) were caleulated trom
eq. (1) with the estimated value of ogjoy = 0 5; this particulag value for the ratio
aglop was chosen because of the fact that the variation of thermal activation
energies with the  hickness of tellurium films dotermined with \hm value of g, /oy,

Eshowed (Chaudhwi 1974) satisfactory agreement with that \observed experi-
mentally

The mrnpm'u.tlu"o dependence ol Hall coefficient 1s shown m figure 3. The
wvaration of Hall coefficient. with temperature 18 quite appreciable m thiek films
(d~=3000 au or more) but {or thm filns (d~1000 an or less) the Hall coefficient
18 comparatively msensitive to temporature  Throghout the temporature range
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Fig 3 Varation of Hall coofficient. with temperaturo for different thicknessns of tho films,
Film thicknoss 0-33943, @-3247&, A-17224,0-12224 end @-979A.
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300-420°K the sample is found to remain pAype which mdicates that the sample
15 highly extrinsic. Another mtoresting observation s that the nture of van-
ation of Hall mobility with temporature (figures 4 and 5) is quite dufferent for thick
and thin films. Yor thick tilms the Hall molildy decreases with nereasg tem-
perature (figure 4), whereas m caso of thu filns 1t increases with temperature
(figure 5). These observations indicate the distinetive ditlerenee m the relative
mmportance of the mechanisms of scattoring m the two cases
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where 4 18 & constant and p 18 the carrier concentration. The temperature depen.
dence of the Hall coefficient (figure 3) indicates that for thin films the hole con.
centration 15 relatively temperaturo independent in the range of 300-420°K  (n
the other hand for thick films, the hole concentration seems to inerease with rvise
of temperature. Further, for few intermediate thickness hole concentration
tends to become temperature independent comparatively at low temperatures
It iy thus possible to indicate the temperature variation of Hall coefficient fu
tellurium films used and for the range of temperature of the present mvestigation
by a relation of the type

Ry — A
™ potooxp(—efkT)

whore 4. p, and p, are constants depending on thickness and the nature of materal
of the films Thus for thin films the socond term in the denominator is neglithlo
while 1t predominales for thick films; for mtermediate tluckness, p; exp—(e/AT)
becomes nogligible only at comparatively low temperature)

!

The origin ot the two tetms m the exprossion for hole ¢oncentration can he
tertatively interpreted as bemg due to two types of :wccptm\\lcvelﬁ the impurity
levels of shallow depths possibly duo to the diffused oxygen should be considered
as completoly 1omsed in this temperature range leading {0 the constant term p,
while the accoptor levels of comparatively large depth, possibly due to structural
defectss are expected o be incomplotely ionised leading to an approxmate tewm
py exp(—c/kT) in the expression for the hole concentration. Tn this expression,
Py should represent tho concentration ot such acceppor statos and e the correspond-
ing trap depth. The valuo of ¢ detrnuned from figure 3 is tound to be 0.14 eV
which 15 slightly below the mid-gap position of tellurrum  The value of p; s
found 1o be of the order of 1018 per c.c.  The density of lattice defeets is also found
1o bo of the same order (Mitra & Chaudhuri 1974)  Moreover 1t is obsorved by
them that the number of defects decreases with deerease of thickness  So X-ay
study also supports the view that the diffusod vxygen prosent in the mateual
play an mmportant role in very thin film while in thick flms structural defcets
control the galvanomagnetic proporties.

B

The nobility of carriers is determined by two primary processes—thormal
scatter g and impury scattermg. The magitude of x due solely to theimal
scattering is oxpectod to he compaiatively large and can thus be ignored for the
samples under mvestigation, The mobility of carriers controlled mostly by m-
purity scaltering process can be written as (Shockley 1959)

ol N )
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where N ropresents the concentration of scattering contres and ¢, and a, arc
constants. In case of complete filling up of the cloction traps 1.0., comy lete joni-
«ation of holes from the aceeptor centies, the concentration of the seatici g centres
N 1n cq. (3) should be given by p, and thus remain temperature mdependont.  In
case of mcomplete ionisation of holes from the acceptor levels, N s oxpected to
vary approximagely as N, = P oxp(—c/kT'). Neglecting the comparatively
slow tomperature variation of the torm in the denominator of eq. (3), we can approxi-
mately write,

D e

* 7 petpy oxp(—elkT) L

Thus we can write for the {wo limiling cases,

T2
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and I c—g exp(e/kT). e (6)
1

In the presence of both of the seattering mechanisms the effective value of u
shosuld be given by

o Vad)
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! Myt
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and 4
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The results of the present mvestigation indicate that in the caso of thm films the
temperature variation of Hall mobulity follows o powor law relation wlule for thick
films of telluriwm the cxperimental results can be fitted with eq (6) Turthet
the value of ¢ = 0.13cV obtamed from Figure 4 agrees withm experimontal error
with that obtained from the temperature variation of Hall coefficient.

Tt is well known that, apart from structural defoets and grain size, oxygen
plays a vital but as yet comparatively obscure role in detormining the galvano-
magnotic as well as photoconducting properties of a large number of materials
(viz., chalcogenides). In the present invostigation tho films, after deposition,
have been deliberately exposed to atmosphero for a comparatively long period 1o
obtain saturation effoct, so that a comparative study of thoir elcctrical properties
before and after exposurc to atmosphere can bring out the relative efiects of oxygen
and mhorent defects, structural or otherwise The tesults of the yresent investi-
gation clearly indioate the pl'oselicu of two kinds of contres with comparatively

10
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shallow and decp acceptor levels in the films studied here; one of theso, possibly
that of shallow trap depth, 18 presumably due to oxygen. It 1 possible that
similar work done, in details, in other matemals, could help considerably m
undorstandimg 1he role of oxygen m process like sensitization, agemng ete
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