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Abstract

_Thin films of Se:2.5%As were deposited on a plass substrates by thermal co-

evaporation technique under

high

Vacuium at  dilferent  thickness

(950,2400,3500,4300)A  within the range temperature (293-373)K and studied the
electrical properties before and after annealing. The result  shown  that the D.C
conduclivity increases and decrcases in activation energy. There were two activation
cnergies indicating difterent conductivity mechanisms in the gap. From the 1lall effect
experiment, the charge carriers are clectrons and there concentration (n) were
obscrved 1o decrease with increasing the  thickness. The thermopower results
conlirmed the sign of Hall effect measurements. ‘ '

Introduction

In amorphous [ilms, it is
Known that there is no long-range
periodieity of the atomic arrangements,
and the local environment surrounding
the atoms 1s ordinarily dilfereat from
that in the case of crystaliine material
[1}. The chalcogenides , such as
sclenium and (ellurium exhibit divalent
bonding and dw struciural sability 1s
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studied in various publication {3-61.
Still the propertics of the prepared
materials are highly dependent en i
preparation  condition , leading
difference  in the  values  of
parameter  connected  with  electrical
propertics , optical propertics, glass
transition lemperature, crystallization
....... cte. Doping of sclenium  with
some  additives  produces a strong
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This research presents the results of
studying the clectrical propertics of a-
Se+2.5%As thin films with different
thickness(950,2400,3500,4300)A  with
a temperature range (293-373)K.
Experimental:

Thin  films of a pure
(99.99%) Sc doped with 2.5% As
deposited on transparent glass slides at
room temperature by thermal  co-
cvaporation from two molybdenum
boats in a vacuum of 107 Torr in an
Idwards coating unit . The thickness of
the films are (950,2400,3500,4300)A,
which has been measured by Tolonsky
method.  X-ray diffraction studies
carried out on the samples using Cu-
Ko:(A=0.15404nm) in a Siemens D-
500 diffractometer.  The  electrical
mecasurcments  were carricd out using
Kicthely 616 digital electrometer,Pl2
15400 DC power supply, clectronic
thermomeler Comark type(Ni-Al).

Results and Discussion:
1- The structure of the films:

X-ray analysis at room temperature
for all prepared films showed the
absence of any peak ,which indicated
that the films were amorphous.

2- The eleetrical conductivity:

Figs(1).(2).(3)and (4) showed the
relation: between the current and the
vollage with different temperature and
with  voltage range (2-200V  We
founded the current increased with
increasing the temperature , that mean
the  resistivity = decreased — with
increasing temperature{9].

The dc conductivity (o) [which is
found from Ohni's low] of doeped
selenium, were determined over a
temperature range 293K to 373K,

Fig. (5) shows the cffects of |
thickness on the electrical conductivity
of a-Se:2.5%As thin films. It can be
noted that the clectrical conductivity
increases  with increasing  thickness.
The increasing of conduectivity can be
interpreted  on bases  of increasing
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carrier concentration and  forming
impurity levels near the band edges
and that will lead to decrease the
activation energy in accordance with
the equation [10]:
0=00

Ea/knT) ........................ (])
where oo is a constant (the value of oo
is known to vary from 10% to10° Q@'ent’
depending on the composition[9],&T is
the absolute temperature, Ea is the
electrical activation energy and Kg is
the Boltzman constant. -

exp(-

Table (T) shows the value of activation
energy Ea [which is found from the
slope of figure (5)] with thickness.

It can be observed from figure ((5)
and table (I} that it is characterized by
two diflcrent stages of conductivity
regions. Two different mechanisms of
conduction are not unfamiliar in
amorphous malterials and have been
discussed in details by Mott and Davis
{111, at Thigher temperature the
conduction mechanism of this stage is
due to carriers excited into the
extended states beyond the mobility
edge and at intermediate temperature
the conduction mechanism due to
carricrs excited into the localized states
at the edge of the band . In addition the
activation ecnergics increase  wilh
increasing the thickness ., The variation
in the result can be related to the
increase in thickness of the fitms (from
950A to 3500A)but for thickness
films(3500A to 4300A)the activation
cnergy remained constant as shown in
table  (I).These results  can be
interpreted by assuming the presence
of defects'in amorphous thin films. It is
known that during the deposition of
amorphous film unsaturated bonds are
produced as a result of deposition
defects. The unsaturated bonds are
responsible for formation of dangling
bond and vacancies .Such defects
produce localized states in  the
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amorphous solid. In the case of thicker
[ilms ,ie. greater deposition builds up
more  homogencous n(—:twork thus
lowering the dangling bonds and there
by minimizing the number of defects.

As a result, the concentration ol
localized . states  are  reduced Lo
approach  ncarly ideal amorphous

sample Nikam and Aher [10] have
studied the conduction mwechanism in
co-deposited Bi-Se and | Sb-Se  thin
films. The value of La are found 1o
increase with increase of thickness of
the films . The sume dependence of La
on thickness [1] of the {ilms have been
observed in the case of amorphous
Selenium {1l
disagrecnien: wii
they found et
for ZnSe thin
filmis 15 decreuse with inereusing i
thickness.

The value of carrier concentration of
the [Ilm obtained from Hall coetlicient
Ry [Ry=l/en] versus  thickness
shown in lable (I). The sign of lall
cociflicient for the films is negative.

Hired
[0

=T .,.I.! .
iCoaliild>

is

The  Secebeck  coefficient(S)  was
measurced as a function of temperature
for amorphous {ilm with

(=({950A,2400A,3500A ,4300A )as
shown in Fig(7). The sign of S 15 also
negative that means clectrons wre the
dominate carriers. lnverse temperature
dependence of S(Fig.(2)) was observed
to follow the relation:

S=(Kp/e)[Es/KyTHA]
Here A is related io the carriers
scatlering mechanism and Us is the

activation energy ol thermopower. The
thickness dependence of Ea and s and
n are shown in table(D.Our result are in
agreement with the result that found by
Al-Ani etal{3] which they studied the
electrical properties of a-Se thin films
doped with AsIn and Sbithey found
there were two aclivation cnergics for
Se:As thin f1lms and the sigen ol
Scebeck  coclficient  was  negative.

Curren{Am pi* 10
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studied

and  n

Makadst  etal|13] the
dependence of Lalss on
thickness lor Ge-Se they found that the
value ol LEa, Es, and n increase with
thickness .

Table (D Thickness and  activation
encrgics determined for Se:2.5%As

Thic | Ba(eV [ BageV | Es(eV) | n* 107
knes | ) } 4 fom™ !
5{A) 3}

0950 | 0786 | 0.155 § 0.08 g4

2400 | 0.865 10210 (0106 |52

3500 | 6943 | 0224 | 0.120 1286
1300 094y | 0237 0430 123
Conclusion:

1- Thin films samples are amorphous
a5 reinted by x-ray diftraction. - 2-
Dlecirioz! conductivity measured for a-
' : s with  thickness and
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with increasing ihe thickness.

4- The type of curriers are electrons
which  found from  thermoclectric

measurement.
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5- ‘The concentration ol clectrons
which found from Tlall cffect were
found 1o decrcase with increasing the
film thickness.

—4—T=203K |
— - T=303K I
e T313K |
- T2323K G
—%— T=333 b

—— TEIK :
; —— 183535
s | —8—Te363K

i —emm—T2373K
|

FLlazeWa Yy

Fig o1, Toe wanatdn of Coneni waih voilage al diflerent
tenpeiateres for a-Se 2 53eAs thn fims at 1=950A.



Um — Salama Science Journal

—+—Tu293K |
— B Te303K
—A—T=313K
2 ——T=323K

—¥— T=333K

——T=343K |
§ —H—T=353K :
3| | me--T1=363K
| —— =373k |

Voliage (V)

Fig (2):The variation of curren! wilh a voltags
al differente temperature for Sa.2 5%As ot I=2400A, |

?5
Pt — 203K |
- T= i
—— 209K |
| A T=310K
| Tk
| —W— T=333K
v e T=3a3k |
w P .
o 18 ‘s Ts383Kk!
g i—-—Ttassnj
2 | j—=—T=k!
'% '
g ;
3 .
i
|
5
1
i
ol . ;
i} 4 8 12 16 20
: Violtagagvoli}
Fig.{3). The varizlion of current with
avoltaga at differanta lompseratures for
- a-5e:2 5%As thin fiims al {=3500A.
40
e T=203K |
{ - T=203K | :
354 1
| ——T=313K
) —H—T=323K |
; |
30 [ —w—T-333K |

‘i —a Ta3aK |
g || = £=36¢ |
! g T3A2K |
f o Te373K |

20 !

2 5 B 11 4 17
- Vollaga (V}

Fig (5} Tha vatiation of cirenl walh
vollage al diffarenta teinperature for
Se 2 BUAS nl1=4T00A

506

Vol 2 (3) 2005

198 1. Amorphous to crystalline of Sc¢

thin films of different thicknesses.,J.of

Neon Cryst. Solids 46:171-179.
2- Papov, A. Tgceller, 1. Karalunels, A.

Ipatova, N. 1980.Effect_of doping on

molecular structyre and Vap states of
amorphous selenium. J.of Non Cryst.
Solids. 35.36:871-876.

3ALAni, S.K. Makadsi, M.N.and
Abass, 1.K..1999. The effect of some

additives on electrical properties of -

amorphous  sclenivm thin - {ilms
Second Scientific Conference/College
of Scicnce/University of Baghdad. '
4. De Neufvilie, 1P, Moss, S.C.and
Ovshinsky, S.R. 1974
Photostructural  transformation  in
amorphous As;Sey and As;Sy  films.
J.of Non-Cryst. Solids. 13:191-223.

an
50
* .
*
&0 ’ .
+
> v *
& 0
o *?
& *
20 +*
0
o
[ E] 19 L] 0 W 30 40
’ 110510 A
" Fig.16):The veration of Hall vollage
wilh currenl for a-5e:2.5%As thin Mim
4
l—+—1= 3004
4 |—m—1=3500 A
o —A— 122400 A :
| —e— =050 A
bt
&
2y
o
x
%
8
e
10
-12
27 28 23 3 31 32 33
10007 KA1
._Fig‘m:Seebeck coalficient versus
raciprocal absclute lsmmparalure for 8-Se:2,.5%As thin fime
- ot different Lhicknesses.
References
. . - i
1- Chaudhuri, 8. Biswas 8.



	125.jpg
	124.jpg
	123.jpg
	122.jpg

