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Polycrystalline PbTe thin film is prepared on glass substrate at 200 °C. PbTe thin film is N-
type and the carriers are electrons. The incident energy of photons, 3.4 €V, generates more
electron carriers as the distance decreases which give rise to photoelectric current. The density of
donors N, was determined to be 1.1 X 102° cm ~3 which is consistent with the N-type conduction
of PbTe. The activation energies of N-type PbTe thin films are 0.139, 0.139 and 0.126 €V below
60 °C which change to P-type above 60 °C. This may be due to generation of Pb vacancies in the
lattice. The piezoresistivity is measured, the increase of conductivity may be due to displacements
of lattice defects under applied stress.

Studies on PbTe thin film have shown that it was a direct transition
semiconductor with small energy gap of 0.32 eV at 300 K [1] and had a positive
temperature coefficient of the gap [2, 3] and that PbTe was an extrinsic material in
which the carriers were generated by deviation from the stoichiometry. consid-
erable structural information on this material has been obtained. From an
engineering point of view. PbTe thin films are preferable for applications such as
strain gauge, for large piezoresistance effect. Polycrystalline PbTe thin films are
prepared on glass substrates by means of evaporation under various conditions of
substrate temperature [4]. The transition of conduction type from N-type to P-type
occurs in the vicinity of the substrate temperature of 270 °C.

This paper reports measurements of I-V characteristic of illuminated thin film
and piezoresistance effect.

Experimental

The samples used in the present experiment are prepared by means of
evaporation in a high vacuum on clean glass plate. Polycrystalline PbTe having a
purity of 99.99% are evaporated under substrate temperature of 200°. In this
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experiment, pressure and evaporation rate are 10~ 5 Torr and 10 A/sec. The shape
of the sample for the measurement of I-V characteristic and piezoresistance effect is
(1.5% 1.2 cm?). The thickness of the film determined by means of an optical
interferometer is 0.01 pm. The I-V characteristic was measured using a D.C.
microvoltmeter type TM 10 and power supply (Leybold-Heraeus, Germany). The
piezoresistance was determined by pressing the thin film with different weights and
recording the I-V at each stress. The kinetic run was carried out at room
temperature.

Results and discussion

The film prepared was examined by the X-ray diffraction method. The typical
results shown in Fig. 1 indicate that PbTe thin film is polycrystalline of cubic
structure.

I-V characteristic

The I-V characteristic of PbTe thin film is shown in Fig. 2. The dark sample was
exposed to mercury light of 3.4 eV energy. The photoelectric current increased as
the distance between light source and the thin film decreased. This can be explained
as follows:

PbTe thin film is a N-type conductor below substrate temperature of 270° [4]. The
substrate temperature in the present work is 200°, the carriers are electrons due to
excess Pb atoms. The incident energy of the mercury light is 3.4 eV which generates
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Fig. 1 X-ray diffraction pattern of PbTe thin film
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Fig. 2 I-V characteristic of illuminated PbTe thin film. @ dark sample, x apart distance 3.5 cm,
O apart distance 7.5 cm, A apart distance 12 cm
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Fig. 3 Temperature dependence ot log 7 at different applied voltage. O 20 V; @ 50 V; x 100 V

more electron carriers as the distance decreases. This causes the increase ot
photoelectric current.

The density of donors N, can be determined by the following Eq. (5) and from
Fig. 3.

-1
VN, \z

E.=19x 10-=<

where: V. is the applied voltage and
€, the relative dielectric constant
E, the electric field.
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N, was estimated to be 1.1 X 102° cm ~3. This value corresponds to N, reported
previously [4]. The depletion region extends to a distance A and can be estimated

using the relation

1
e V.\2
A=1052 ==

d

The depletion layer was estimated to be 2.1 x 10™ ¢ cm. This value is consistent
with PbTe thin film of N-type conduction.

Temperature dependence of log I

Temperature dependence of log 7 is shown in Fig. 3. The slope of log 1 at
temperature below 60° gives the activation energies of 0.139,0.139 and 0.126 eV for
potential drop 20, 50 and 100 V, respectively. There is no remarkable change in
activation energy below 60° and the values are due to carriers which dominate by
the impurity band scattering. The film shows N-type conduction and the carrier
density increases up to 102° cm~2 which due to the precipitation Pb atoms is
supersaturated in PbTe crystallines. Above 60° the breaking of the lines is noticed
and the activation energies of 0.038, 0.075 and 0.063 eV show P-type conduction
due to generation of Pb vacancies in the lattice. The activation energy values in the
present work have been reported previously [4].

Stress dependence of piezoresistivity

The effect of stress on the resistivity of PbTe thin film is shown in Fig. 4. The
conductivity increases with increasing stress due to the following:

The compound exists as a stable phase over a range of composition near the
stoichiometric proportions, and this is possible through the incorporation of
vacancy, interstitial or place-exchange point defect into the crystal. These defects

A
03

¢0,cm

02~

01—

0 | I 1 | Ly
025 05 07 100 125 150

kg
Fig. 4 Effect of stress on piezoresistivity of PbTe thin film
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correspond to the densities of donor levels in the energy-band structure. The
applied stress on the thin film encourages the displacement of these defects among
the cubic crystallites of the thin film. This causes the increase of conductivity for the
stressed thin film.
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Zusammenfassung — Auf einem Glassubstrat wurde ein diinner, polykristailiner PbTe-Film
aufgetragen. Der PbTe-Film ist ein Leiter vom N-Typ, deren Triger Elektronen sind. Die Einfallsenergie
der Photonen von 3,4 eV setzt mehr Tragerelektronen frei, wodurch sich der Abstand verringert und der
fotoelektrische Strom ansteigt. Die Anzahl der N, Donoren wurde mit 1,1-10%° cm ™3 festgestellt, was
dem N-Leitfahigkeitstyp des PbTe entspricht. Die Aktivierungsenergien der N-Typ PbTe-Schicht
betragen unterhalb von 60 °C 0,139, 0.139 und 0,126 eV. Overhalb 60 °C geht dies in den P-Typ iiber.
Dies ist wahrscheinlich der Entstehung von Pb-Liicken im Gitter zuzuschreiben. Der piezoelektrische
Widerstand wurde gemessen. Die erhohte Leitfihigkeit unter Spannung folgt wahrscheinlich aus einer
Beseitigung von Gitterdefekten.

Pe3tome — Ha crexmsnnoii noanoxke mpu 200° noy4eHn NOJHKPACTAIUTHYECKAE [LIEHKH TELTYpHAa
cBuHIA. TOHKOMNCHOUHBIH TEINYPHA CBHHIA HBISCTCS NPOBOAHHKOM n-THNA, TAE 3NEKTPOHH
ABJIAIOTCA HOCHUTENAMH Toka. PoToHB ¢ sHepruedl 3,4 5B renepupyior GoJsblue 31€KTPOHOB-
HOCHTENEH, BCICICTBMH 4€r0 YMEHblIGHME [UIMHH Npobera UPHBOAHT X  yBEIHYCHHIO
¢doTosnexTprycckoro Toka. [LnoTHoCTL HOHOPOB N, 68U1a pasHoit 1,1 102° cM ™3, 9To cornacyercac n-
THIIOM [IPOBOJMMOCTH TEJUTyPHAA CBHHNA. DHEPTHH aKTHBALIMH TOHKMX IJIEHOK TEJUTYPMAA CBHMIA (II-
THna) cocramnsmor 0,139, 0,139 u 0,126 3B Huke 60°, xoTOpHie BHiue 60° HIMEHAIOTCA OO p-THOA
NPOBOAMMOCTH. ITO SABJICHHE MOXeET OLiTh oOycnomieno obOpaizopanmeM B peulerxe Pb-paxancmii.
H3sMepeno ynensHOe Nbe30CONPOTHRIIEHHE, 2 HAGIOAAEMOE YBRITHICHHE 3IEKTPONPOBOAHOCTH MOXET
6bITh OOYCIIOBIICHO CMEILICHHEM PEHICTOTHRIX ACPEKTOB NPH HAIONKEHHH HATPSOKEHHS.
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