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Polycrystalline PbTe thin film is prepared on glass substrate at 200 ~ PbTe thin film is N- 
type and the carriers are electrons. The incident energy of photons, 3.4 eV, generates more 
electron carriers as the distance decreases which give rise to photoelectric current. The density of 
donors N d was determined to be 1.1 x 102o 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 eV below 
60 ~ which change to P-type above 60 ~ 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 ~ 

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- s Torr and 10/~,/sec. The shape 
of the sample for the measurement of I-V characteristic and piezoresistance effect is 
(1.5 x 1.2 cm2). The thickness of the film determined by means of an optical 
interferometer is 0.01 ~tm. 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 polycrystaUine of cubic 
structure. 

l -  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  character is t ic  of  illuminat~l PbTc thin film. �9 dark sample, x apart distance 3.5 cm, 

�9 apart distance 7.5 cm, A apart distance 12 cm 
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Fig. 3 Temperature dependence  ot l o g / a t  different applied voltage. �9 20 V; �9 50 V; x 100 V 

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

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

-• 

= , 9 •  , 0  
k e, / 

where: Vc is the applied voltage and 
e, the relative dielectric constant 
Ec the electric field. 
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N~ was estimated to be 1.1 x 1020 cm-3. This value corresponds to N d reported 
previously [4]. The depletion region extends to a distance 2 and can be estimated 
using the relation 

1 

2 = 1052(~-d ) ~'Vc ~- 

The depletion layer was estimated to be 2.1 • 10 -4 cm. This value is consistent 
with PbTe thin film of N-type conduction. 

Temperature dependence of log I 

Temperature dependence of log I is shown in Fig. 3. The slope of log 1 at 
temperature below 60 ~ gives the activation energies of0.139, 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 1020 cm -3 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 
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lFIg. 4 Effect of  stress on piezoresistivity of  PbTe thin film 
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c o r r e s p o n d  to  t h e  d e n s i t i e s  o f  d o n o r  levels  in  t h e  e n e r g y - b a n d  s t r u c t u r e .  T h e  

a p p l i e d  s t r e s s  o n  t h e  t h i n  f i lm e n c o u r a g e s  t h e  d i s p l a c e m e n t  o f  t h e s e  de fec t s  a m o n g  

t h e  c u b i c  c r y s t a l l i t e s  o f  t h e  t h i n  f i lm. T h i s  c a u s e s  t h e  i n c r e a s e  o f  c o n d u c t i v i t y  f o r  t h e  

s t r e s s e d  t h i n  f i lm. 
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Zusammenfassung - -  Auf einem Glassubstrat wurde ein dfinner, polykristalliner PbTe-Film 
aufgetragen. Der PbTe-Film ist ein Leiter vom N-Typ, deren Tr~iger Elektronen sind. Die Einfallsenergie 
der Photonen yon 3,4 eV setzt mehr Triigerelektronen frei, wodurch sich tier Abstand verringert lind der 
fotoelektrische Strom ansteigt. Die Anzahl der N d Donoren wurde mit 1,1. l02~ cm -3 festgesteUt, was 
dem N-Leitf'fihigkeitstyp des PbTe entspricht. Die Aktivierungsenergien der N-Typ PbTe-Schicht 
betragen unterhalb yon 60 ~ 0,139, 0.139 und 0,126 eV. Overhalb 60 ~ geht dies in den P-Typ fiber. 
Dies ist wahrscbeinlich der Entstehung yon Pb-Liicken im Gitter zuzuschreiben. Der piezoelektrische 
Widerstand wurde gemessen. Die erh6hte Leitf'~ihigkeit unter Spannung folgt wahrscheinljch aus einer 
Bcseitigung yon Gitterdefekten. 

Pe31OMe - -  Ha CTeKJII~IHHOfi noaaox~e npx 200 ~ noJtyqeHi~ UOJIglt'pgcTaJLlIHqecgHe ILaeHim Temtyp~taa 
CBHH~a. TOHKOHJleHOqHbI~ TeJIJ~yptul CBHHAIa Jt~XeTCX IIpOI$O~HHKOM n~THna, r~te 3JlegTpOHtd 
~IBJDIIOTGJ HOCHTe.IIffMH TOga. (]DoToHH C 31teprHefi 3,4 aB reHepHpyioT 6oabme 3aeg~pouoe- 
HOCUTe~efi, ac:[e~CTSHtt ~ero yMem, metme a.mma~ npo6era npusoJIHT g ynennqenmo 
r T O 3.rlegTpH qecgo  FO TOga. HJIOTHOCTb ~OHOpOB N d 6bvxa pa3Hofi 1,1" 102~ CM- 3, qTO cot JlacyeTc~ c n- 
THHOM HpOBO~tlMOCTH Tea.qyptttta CBHHtIa. ~Heprtm aKTHBaU.HH TOHKHX 1UIeHOK TedIJIypl~a CBalltIa (11- 
THua) COCTaB.rlmOT 0,139, 0,139 H 0,126 aB Hxxe 60 ~ goTOphle Bmme 60 ~ H3MeHIIiIOTClIi dO p-Tuna 
IIpOBO~HMOCTH. ~'1"O ~.BaeHHe MOXeT 6I, ITI, o6ycJlOa.rleHO o6paaosatmeM e pemeaxe Pb-saxaacd.  
I/I3MepeHo y~e~ai, HOe I!be3OC0HpOTHBJIeHHe , a Ha6mo~aeMor yeeJmqetme 3aerrponpoeoaHocm MOXeT 
6bITb o6yc.qOBYleHO CMCIIJiCHHeM pcmeTOtHtldX J ] ~ K T O B  npH Ha.JIOI~I4HI4 HallpJI~eHHL 
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