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Electrical properties of vacuum deposited HgTe films
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Klectrical propert.ies such as activation onergy (AK), Seebeck co-
efficient (Q). temperature coefficient of resistance (TCR), Hall co-
efficient (Ry). Hall mobility (ug). ete. of vacuum deposited HgTe
filmg of thickness ranging from 500 A to 25,000 A and temperature
ranging from 265°K to 420°K  have been moasured. Resistance
measurements of the films at different temperatures vielded two
activation energies. Within the thickness range of 4000 A to 500 A
these two activn,tion energios increase with decreasing thickness.
Secbeck coofficient is found to he positive and the value increasos
with the deerease of filin thickness as well as with the decrease of
deposition temperature. TCR of these films is a negative quantity
and the negative value for each film passes through a maximum.
Tnerease of AE with decreasing thickness and the variation of TCR
with film thickness and temperature have been explained on the
hasis of island structure theory (Neugebauer 1964).  Increase of Seebock
coefficient and the decrease of Ry, upy for room temperature deposited
as well ax for thinner films have l)een attributed to the high density
of defects present in the films. Tt has been found that the film thick-
ness and the deposition temperature are the dominating parameters
for the electrical properties of vacuum deposited HgTe films.

1. INTRODUCTION

Thin films of Hg'Te are usually prepared by evaporation of the compound or by
evaporation of the individual elements in vacuum. [I-VI compounds dissociato
upon evaporation in vacuum and films prepared by evaporation of the com-
pound actually means the reconstitution of the vapour elements. Klpat'evskaia
& Regel (1957) prepared high mobility n-type HgTe films and suggested their
uses in Hall effect devices.  Elpat’evskaia (1958) studied the formation mecha-
nigm and some of the electrical properties of HgTe films prepared by both the
methods on glass ax well as on mica plates. Electrical propertics of thin HgTe
films were reported by Lagrenaudic (1958). Anteliffe & Krauss (1969) pre-
parcd highly perfect HgTe films by vapour phase reaction techniques on somi-
insulating CdTe single crystal surfacos .and roported some of their transport
properties. Film properties  depend very much on deposition parameters,
stoichiometry and substrates omployed. In the present investigation films of
progressive thickness were propared in a gingle cvaporation on glass slides to
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achievo more or lexs similar deposition conditions. Somo of the eloctrical pro-
perties of these films as & funetion of film thickness have heen deseribed in his
papor.

2. EXPERIMENTAL

Highly pure HgTe (99-999%, obtsined from Koch Light. England) was
vvaporated from a nichrome coil at ~10 > Torr rosjdual pressawre and deposited
at 27 () 80°C and 100" C' on vacuwun baked (300"C) Diamond seal glass slides
cut to the size 3 -1 em®  The films thus prepared were anncaled at ~ 150"
for over two hours. Aunnecaled films showed revorsible characteristies.

Films used for Hall measurements were of length 3 em. breadth 2 mm with
Hall probes of width I mm. For cach temperature Hall mcasurcments were
taken by changing the polarity of the magnetic field and the dircetion of the
sumple cwrrent. The maguetic field used was cither 4500 Gauss or 5500 Clauss.
Pressure contacts, putting platinum foils over the film surfaces. were used.

The measurements  were taken within the temperature range of 265 K to
¥ g
420"K at a dynamic prossure of ~10 2 Torr,

The average film thickness was estimated by measuring the area of the
film deposit and det ermining the difference hetween the w cight of the glass slide
before and after the film deposition. The density of the deposit was. however,
assumed. to be the same as that of the bulk material.

3. REsvrrs

The rexults reportod here are for films which showed reversible charactoristics
even when stored in vacuum for a fow days. Al the films showed p-typo con-
ductivity. This wax ascortained both from thermoelectric and Hall measure-
ments,

Effect of film thickness and depoxition temperatnre on the electrical
properties

U Temperature dependence of resistance and activalion energy

A plot of logk as a function of reciprocal temperature in absolute scale is
shown in figure 1. In general cach curve consists of two linear portions with a
‘break’ at a certain temperature. Activation energies for theso two lincar por-
tiong are determined by equating the slopes to AE/2k. TFor the thickness rango
of 4000 A to 25,000 A activation energies are found to bo independent of film
thickness. AE values for room temperature doposited films are about 0-035 eV,
0:07 eV and 80"C, 100°C* deposited films are 0-03 eV, 0:06 V. Those two activa-
tion energies inoroase with dooreasing thickness in the 4000 A to 5000 A range,
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[T. Temperature coefficient of resistance (TCR)
TCR is caleulated from the resistance vs temperaturo graphs for oach film
at difforent. temperatures using relation

1 dp
p 4T

dR

1
TCR = R ar -

This paramoter is found to be negative. Figures 3 and 4 show the variation of
TCR with temperature for different thickness and the variation of TCR with
film thickness for 27°C deposited films respectively.

[TT.  Seebeck coefficient (Q)

Figure 5 shows thermo emf vs temperature difference curves for six films
of different thicknesses. It has beon observed that the Secobeck coefficiont
incroases with the decroase of film thickness as woll as with the decrease of deposi-
tion temperature. The maximum value of @ observed was ~ 4-300 4 T°/°C.

IV. Hall coefficient Ry and Hall mobility gy

Figures 6 and 7 show the variation of Ry and sy with film thickness respoc-
tively. Tt is scen that in general Ry increases with the increase of film thickness.
The increase of Ry is rapid for 80°C and 100°C deposited films. Ifole mobility
is calculated using relation uy = Ry.o. where o is the measured conductivity of
the film. Room temperature deposited films are of low Hall mobility and tho
value does not vary appreciably with film thickness. High temperature deposited
films are with high Hall mobility and the value decreases rapidly with the decreaso
of film thicknoss. Carrier concontration p is caleulated using relation p —= (Ru.e)™!,
¢ being the electronic charge. Carrier concentration is found to decrease with
the increase of film thickness as well as with the increase of deposition tempera-
ture. p lies within the range of 107 em~2 to 101* em—3,

4. DiscussioNn

The increase of AE with the decreasing thickness can hv understood from
the island structure theory based on tunneling of charged carriers between islands
geparated by few angstroms of distances (Neugehauer & Webh 1962). The theory
was reproposed hy Neugebauer (1964) and was originally conceived to oxplain the
electrical conduction in ultrathin discontinuous metal films. Gorter (1951)
proposed that the activation energy required to move a charge from one metallic
island to the next as heing proportional to e/er, where & is the charge and 7 is
the lincar dimension of the island. This activation energy is equivalent to the
electrostatic binding energy of the charge to the island. When these charged
carriers are excited to at least this energy from the Fermi leve] there will be
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tuwnneling from one island to another. The conduectivity of an island structur -
film is given by

o - [ A(i;:’fs)‘ exp{~ é;%d. (2me)i }] " { Boxp { *ei/_g'{ }]

— l)[ B exp { -(E;cl-%'}] e (1)

The term D determines the mobility of the charge, which is the quantwumn mocha-
nical tunneling probability betweon the islands. Here A and B are constants,
¢ is the potential harrier betweon the islands correeted for the image forees, m
s tho effective mass of the charged carriers. e is the diolectric constant of the
tunneling mediwm, d is the inter-island separation, r is the avorage linear dimen-
sion of an island and the remaining symbols have their nsual mneanings.

For films prepared from semiconducting materials og. (1) may be modified

o= D [ B oxp {_(2‘%212,’2_;;4?0} ] @)

where AE, is the enorgy gap of the semiconducting material. From the tempera-
ture depondent portion of eq. (2) the activation energy will be

AE == (2e2]er)-{ AE,

At the initial stage of the film growth discrote islands form on the substrate
and with the increase of average film thickness these islands grow in size and
subsoquontly merge to give a continuous film.  With the decrease of average
thicknoss of the film » decreases and hence the increase of AE.  Several sets of
evaporations were made to prepare films of progrossive thickmess and it wax
found that AX increases with the decrease of film thickness within the range of
4000 & to 500 A, This increaso of AE with decreasing thicknoss was due to the
complote isolation of the grains. As the film grow above 4000 & total isolation
of the grains hecame highly unlikely and hence a conduction path with HgTe
would therefore be expected. The slightly higher values of AE in case of 27°C
deposited films might be due to the increased number of grain boundaries.

The presenco of two activation cnergies cannot be oxplained at prosent.
1t may, howevor, be montioned that the temperature at which log £ vs 1T curves
break does not remain constent for ull the films and henco cannot be attributed
Lo any change of structure or phase of the deposit.
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The TCR for films of differont thicknesses at 300°K. the temperature of
film deposition. can be understood from eq. (2)

L\&l 1 (l!' - é.l," .
YR ar e )

Nince in this case the tunneling transmission coofticient ) ix constant.  The
. . . . 1 d&

values of TCR obtained from relation R a7 and eq. (3) are shown in  figuroe

4. The variation of TCR with temporature for cach film shows a negative

maximum. Considering the variation of particle spacing d with {emperature

which primarily affects the tunneling transmission coefficient /),

TCR 1 (l/) d([ [ 1 N 4m AE

A L - ) TV
p AT ~ ar |l h """’”] SFT SR G

The docrease or increase of the negative value of TCR will depend on the pro-
dominance of one or the other term of the right hand side of the oq. (4).

Room temperatwre deposited films are usually fine grained polyerystallino
and the films deposited at high temperature are normally 1-d oriented (Barua
&Goswami 1970).  Stacking fuults. Lwin boundaries ocewr loss froquently in room
temperature dopositod films, whereas thesc dofects ure more in high temperaturo
deposited films.  The higher values of @ in 27°C doeposits as well as for thinner
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films may be due to the increased number of defects, discontinuities etc. present
in the films. A similar obsorvation was made for vacuum deposited PbTe films
(Goswami & Koli 1966).
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Fig. 4. Variation of TCR with film thickness for 27°C depositod films

Hall coefficient. Ry is found to increase with decreasing film thickness, whereas
for metallic films R, is expectod to decroase with increasing film thickneds (Son-
dheimer 1952). p-type conductivity observed in HgTe films was due to the Hg
vacancies or excess of tellurium, which tend to produce more strongly p-type
material. With the increase of film thickness and deposition temperature pro-
bably the donsity of this type of point defect decreasos as a result carrier con-
centration p also decroasos. Sinco Ry — (p.e) !, Ry increases with the incroase
of film thickness as well as with the increase of deposition temperature.

From classical theory,
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I being the mean free path of the charge carriers. Due to the decrease of thick-
ness the mean froe path of the charge carriers is reduced and hence the value of o
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The decrease of Ry with film thickness also contributed its part to the deorease
of pgy. The low value of ug in case of 27°C deposited films iz due to the very
high density of structural and chemical defects. The increased density of grain
boundaries might have scattered the charge ocarriers effectively and thus the
variation of thickness could play an insignificant role at 0°C. However, ab
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140°C, pg decreases with the decrease of thickness which may be duo to the
scattering of charged carriers by thermal vibration of lattice ete.
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Fig. 7. Variation of gy with film thickness at (1) 0°C and (2) 140°C.

Tt is thus seen that the deposition temperature and the film thickness are the
dominating parameters for the electrical properties of vacuum-deposited HgTe
films on glass slides,
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