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Synopsis

This research deals with electrical characteristics of the PbTe thin
films that were prepared by thermal evaporation technique. It was noted
that the electrical characteristics of these films improved with the
increase in annealing temperature. It was also noted that the electrical
conductivity and carrier's mobility increased with temperature to a
limited extent. This proves the improvement of the electrical transport of
this compound. It was also found that the concentration of carriers
decreased when treated thermally with a high degrees and mobility
decreased while the concentration of carriers increased after that.
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Introduction



Among the 11-1V compounds, the lead chalcogenides with narrow
energy gap have been extensively studied due to their device applications
in many fields like IR detectors,photoconductors,thin film transistor etc.
[1-2]. The lead chalcogenides exhibit very interesting photoelectric,
photoconducting, thermoelectric, optical and semiconducting properties.
Many workers have been reported on the transport properties of these
chalcogenides in the bulk state but very little is known about their
properties in the thin film state. The electrical properties of these
compounds have been studied by many workers [3, 4, 5]. The surfaces of
polycrystalline films of PbTe condensed onto amorphous substrates have
been studied by hot wall technique [6], RF magnetron sputtering [7], and
thermal evaporation [3¢ 5, 8]. There has been some work on the
thermoelectric power of impurity doped lead telluride films but, very
little on pure undoped samples in the thin film form. Barisova has
measured the thermoelectric power of bulk PbTe doped with Bi, Sh, Cr
and Ag in amounts of 0.1 - 0.5 at %. He found that undoped PbTe was p-
type whereas those doped with Bi, Sb and Cr was n-type. The room
temperature value of thermoelectric power for undoped PbTe bulk was
quoted [9] as around 30mV/K. The electrical properties of thallium and
silver doped PbTe films were also reported [10, 11]. Thus it is seen that
there has been very little study on transport properties of undoped PbTe
films. The present work on the resistivity, carrier concentration, carrier
mobility, thermoelectric power and structural information of PbTe films
have been studied and an attempt is made to explain the charge transport
on the basis of scattering mechanism.

Experimental procedure

In order to produce high quality of PbTe thin films by evaporation in
vacuum, the glass substrates were carefully cleaned using distilled water
and isopropyl alcohol sequentially. A molybdenum boat was charged
with PbTe in granular form, of purity 99.99% were prepared from
mixing two elements Pb and Te (in 1:1 atomic ratio) supplied from
Koch-Light Laboratories Ltd (England). The vacuum chamber was
pumped down to 10 Torr. The boat was gradually heated until the
material started to evaporate. The vapor molecules leaving the source
were deposited onto the substrate surface. The substrate temperature was
held at room temperature during the deposition process. The film was
electroded by Aluminum of distance separation 0.4cm. Electrical



measurements were performed under normal atmosphere. For the current
measurements, the d.c. bias voltage was provided by power supply and
the current was recorded by digital KEITHLEY 610. For the
measurements of resistivity of the PbTe thin film, the voltage across the
sample was monitored by digital voltmeter. Sample temperature was
monitored using the thermocouple of accuracy +1C attached to the films
substrate. The thickness of deposied on films was determined using a
quartz crystal monitor the thickness was1500 A at various annealing
temperature. The thicknesses of the films have been controlled using
quartz crystal thickness monitor during film deposition and are
crosschecked using. Film thicknesses found correct within +50A. The
resistivities of film samples have been measured as a function of
temperature which can be determined from the relation
w-t

p= RI_
Where
(w) is the width of the contact .
(t) is the thickness of the film.
(1) is the space between the two contacts.
The two conductivity of the film can be estimated by the reciprocal of
the resistivity with
o=

Yo,
Inc was plotted as a function of 1000 / T to calculate the activation
energy(E,) by using the equation

o=o0,ep(-E,/K;T)

Where
(o) 1s constant ,represent the metallic conductivity .
(Kg) is Bltzmann constant
Form the Hall coefficient ( Ry ) of the film and the resistivity at room
temperature (o, .)we can get the carrier concentrations (n) and carrier

mobility ( z,, ) by using these relation
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Results and discussion

Fig (1) represents natural logarithm of conductivity against
1000/T. These graphs indicate that all the film samples have negative
temperature coefficients of resistivity, which suggested their
semiconducting nature. These graphs show linear variation in the
temperature range (370-526) K and it has two regions which means the
films has two conductivity mechanisms hopping from band to band and
enter the bands .From these graphs the activation energy is calculated by
taking the slope for linear regain [2].The thermal activation energy E,
has been evaluated and varied from (0.098 to 0.35) eV. This nearly
agrees with other works [12]. These results are illustrated in Fig.(2).It
was found that the conductivity decreases with increase of annealing
temperature from 0.61 (Q.m)'lat room temperature to 0.35 (Q.m) * at
373 K and decreases to 0.21 (Q.m) " at 423 K, but at 473 K increases
again to 0.30 (Q.m) “.This behavior may result from decrease of the
defects in the stricture[12],but at 473 K it may result from effect of the
non bonding Pb in crystal structure and decrease the barrier height
between the grains. This agrees with the other results from Hall effects.
The Hall Effect was measured for all the films at room temperature .The
films were n- type converted to p-type after annealing due to reduction of
the density of dangling bonds [7]. Fig (3) illustrates the -carrier
concentration and mobility. This figures shows increase in the carrier
mobility and decrease in the concentration with increase of annealing
temperature. The increase of the annealing temperature results in
decrease of the electron concentration owing to the more fast decrease of
the interstitial Pb atoms concentration than that of the charged lead
vacancies and decrease of the defect and density of state near the
conduction band, i.e. decrease of the electron collision then the mobility
will increase, which decreases the scattering of the carriers [13]. But at
473 K we can see the inverse behavior, which result from effect of non
bonding Pb on the surface [7].
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Fig (1) Variation In conductivity for FbTe at (2) 373K (b) 423K, (c) 473K, and (d) 523 K with
1000/T
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Fig. (2) Variation the activation energy E, with annealing temperature T,
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Fig (3) variations the carrier concentration and mobility with annealing
temperature
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