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Abstract: Thin films of Ag-Te compound of varying thicknesses have been deposited on glass substrate
employing three temperature method. The temperature coefficient of resistance (TCR) was studied as a
function of thickness for Ag-Te thin films at [Ag] >50 at. wt. % and < 50 at. wt. %. The temperature dependent
phase change from semiconducting to metallic for the composition of [Ag] > 50 at. wt. % in Ag-Te thin films.
The T.C.R.is negative for semiconducting Ag-Te films with [Ag] < 54 at.wt. %, irrespective of thickness and
temperature. For [Ag] > 54 at.wt. % is negative in low temperature region (T< 413 K) and positive in high
temperature region (T > 413 K).
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I.  Introduction

The phase transition temperatures, as observed during the above semiconductor to metal transition of
Ag,Te reported [1]. The electrical and structural properties of silver telluride films having stoichiometric
composition have been measured as a function of temperature [2, 3]. Sharma [4] has studied in detail the
structural transformations in Ag2Te thin films by electron diffraction technique. These studies indicated that
transformation temperatures during heating and cooling were 430 and 388 K respectively in case of Ag2Te thin
films. The X-ray diffraction carried out by Mamedov et al [5] for the synthesis of bulk samples of Ag2Te
revealed that the transition takes place during heating at 420 K and during cooling at 411 K.

So, | report the temperature dependent phase transition from semiconducting to metallic with [Ag] > 50

at. wt. % in Ag-Te thin films and the thickness dependent TCR was calculated.

Il.  Materials and Methods

The Ag-Te thin films of different thicknesses for ‘Ag’ >50 at. wt. % and < 50 at. wt. % were
prepared by vacuum deposition technique of the constituent elements ‘Ag’ ( 99.999% pure ) and ‘Te’
(99.99% pure) by three temperature method [6-10]. Silver metal and tellurium powder were evaporated
from two different preheated conical mica baskets which in turn heated externally by nichrome wire. The
films were prepared on glass substrate kept at room temperature in a vacuum of the order of 107 torr.

The films obtained were annealed at ~ 423 K upto 8 hours for the purpose of uniform distribution of
components of the deposits. The films thickness (d) was measured by gravimetric method as reported earlier
[8-10]. The composition of ‘Ag’ in Ag-Te films was determined by employing absorption spectroscopy [11] at
620 nm.

I11.  Results and discussion

The temperature coefficient of resistance (T.C.R.) of Ag-Te thin films at different temperatures, from

the resistance versus temperature graph was calculated by using the relation

T.C.R.= (1/R) (AR/AT), K™ (1)

It is found that the T.C.R.is negative for semiconducting Ag-Te thin films with [Ag] < 54 at.wt. %,
irrespective of thickness and temperature. For [Ag] > 54 at.wt. % is negative in low temperature region (T< 413
K) and positive in high temperature region (T > 413 K).
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Fig.1: Plot of T.C.R versus temperature of Ag-Te thin films.

Fig.1 shows the variation of TCR with temperature, from fig. it is concluded that TCR of
semiconducting films decreases with increase of temperature, while that for metallic films TCR rapidly
increases with increase of temperature.

The decrease of negative TCR with increase of temperature can be explained on the basis of the island
structure concept proposed by Neugebauer and Webb [12] and later developed by Neugebauer [13] to explain
semiconducting behavior of very thin films. The expression for negative TCR is given by,

Negative TCR= (-d (t)/dt) [{4n (2m¢)**/ h?}-1/t]+ C/T?] -----meemeemmeeeee (2)
Where C=[(2e?/ ev) + AEg] / 2K

‘t> is the average distance between islands, ‘e’ electronic charge
‘m’ mass of electron. ‘K’ Boltzmann constant.

‘I’ the average radius of islands

‘@’the potential barrier between islands.

‘h’ Planks constant

‘e’ dielectric constant of the substrate,

‘AEg’ Energy band gap.

In the present investigation, negative TCR continuously decreases. It can be said that the contribution
towards TCR due to first term in above expression is more predominant compared to the second factor. At
higher temperatures, it may be possible that contribution from second term may increases, thus changing the
nature of the curve. Similar observations have been made by Nikam and Mankar [14], Goswami and Jog [15].

The increase of positive TCR with increase of temperature for metallic films (fig.1) may be attributed
to continuous increase of dR/dT coefficient of equation (1), with increase of temperature.
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Fig. 2 shows the variation of T.C.R. with thickness of Ag-Te deposits.
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It is found that T.C.R. decreases with increase of film thickness. The dependence of T.C.R. on film
thickness can be attributed to Fuch-Sondheimer theory [16,17]. T.C.R. equations under Fuch-Sondheimer and
grain boundary scattering model can be written as [18, 19].

BE= B, [1-(3/8) (I/d) (1-p)] 3)
and
BE= Bg [1- (3/8) (Ig/d) (1-P) ] 4
Where Be is T.C.R. of the film, Bo and Bg are T.C.R. in bulk state,‘d’ is the thickness of the film, ‘I,
the mean free path and ‘p’ the specularity constant.
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It is seen from above equations (3 & 4) that B is a linear function of reciprocal thickness. In the present
work the variation of T.C.R. (Bg) on reciprocal of thickness is linear as shown in fig.3.

IV.  Conclusions
It is concluded that the size effect theory, surface and grain boundary scattering effects are predominant
in our studies. The intercept on y-axis of the plot of T.C.R. versus 1/d for Ag-Te thin films gives B, or Bg _ 0.7

4

-4 -1 -4 -1
x 10 K for Ag,,Tesg thin filmsand _ 0.9 x 10 K  for Age;Tess films respectively in the semiconducting

phase.

Acknowledgement
The author greatly thanks to the management authorities of M. G. Vidyamandir, the Principal, M. S .G. Arts
Science and Commerce College Malegaon Camp for giving valuable support to do this work.

References
[1]. Damodara Das V. and Karunakaran D, J Phys Chem Solids 46 (5), (1985) 551-558.
[2]. Paparoditis C, J Phys Radium (France) 23 (1962) 411.
[3]. Paparoditis C, J Phys (France) 25 (1964) 226.
[4]. Sharma S K, J Mater Sci,4(1969) 189.
[5]. Mamedov K P, Gadzhiev M F and Nurieva N D, Sov Phys Solid State, 19(1977) 1285.
[6]. Damodara Das and Raja Sekar, Thin Solid Films 116 (1984) 163.
[71. George J and Palson T I, Thin Solid Films (Switzerland) 27 (1985) 233.
[8]. Shinde U P, Inter J of Engg & Sci Invention. 2013, 2, 12, 28.
[9]. Nikam P S and Borse R Y, Indian J Phys, 74A (4), (2000) 419.
[10].  Shinde U P and Aher H S, Arch. Appl. Sci. Res. 2015, 7, 4, 71.
[11].  Charlot G, Colorimetric Determination of Elements 381, Elsevier Publishing Co Amsterdam, 1964.
[12].  Neugebauer C A and Webb M B, J Appl Phys (USA), 33 (1962) 74.
[13].  Neugebauer C A, Physics of Thin Films, (Academic Press Inc NewYork), 2(1964) 7.
[14]. Nikam P S and Mankar D L, Indian J Pure and Appl Phys, 21 (1983) 361.
[15]. Goswami A and Jog R H, Indian J of Pure and Appl Phys, 34 (1968) 416.
[16].  Fuchs K, Proc Cambridge Phil, Soc, 34 (1938) 100.
[17].  Sondheimer E H, Adv Phys, 1 (1952) 1.
[18].  Chopra K L, Thin Film Phenomena (Mc Graw Hill, New York, 1969).
[19]. Tellier C R, Tosser A J and Boutrit C, Thin Solid Films, 44 (1977) 201.

Ugalal. P. Shinde. “Thickness Dependent Temperature Coefficient of Resistance (T.C.R) for various Ag- :
Te thin films.” IOSR Journal of Applied Physics (IOSR-JAP) , vol. 9, no. 5, 2017, pp. 55-57. |

- = = = = - -

DOI: 10.9790/4861-0905035557 www.iosrjournals.org 57 | Page




