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A Study on the Electrical Properties of Amorphous Sb-Bi-Te Thin Films
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Abstract

Amorphous Sbe-xBixTes (x =

0.0, 0.5 and 1.0) thin films were prepared by vacuum evaporation. The

resistivity of the films decreases from 14%107% to 884%10° Q -cm and the type of conductivity
changes from p to n with the increase of the x value of the films. D.C. conduction studies on these
films are performed at various electric fields in the temperature range of 303-403 K. At low electric
fields, two types of conduction mechanisms, i.e. the variable range hopping and the phonon assisted
hopping are found to be responsible for the conduction, depending upon the temperature. The activation
energy decreases from 0.082 to 0.076 eV in the temperature range of 303-363 K and from 0.47-0.456
eV in the second range of 363-403 K, indicating the shift of the Fermi level towards the conduction
band edge and hence the change of the conduction from p to n type with the increase of the Bi
concentration. Poole-Frankel emission dominates at high fields. The shape of the potential well of the

localized centre is deduced and the mean free path of the charge carriers is also calculated.
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Table 1. Electrical parameters of Sby-Bi,Tes thin films.
Sby-BiyTes  Thickness Hall Type of  Density Resistivity Mobility
{nm) Coff. Carriers X 10 {ohm-cm) (cm¥/Vs)
(em*/Coul.) (cm™®)

x =00 970 0.0053 D 1.18 1.40x 107 0.378

x =05 1025 0.0037 p 1.69 611x10° 0.605

x =10 1006 -0.0020 n 3.13 884%10° 22.59
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Fig. 1. Current-voltage characteristics of
SbisBiosTes thin film.
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28 2. Sbhe-BivTe; ¥ Lno vs. 10%/7 plot.
Fig. 2. Variation of Lno with 10%T of
Shg-,BiyTes thin films.
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Fig. 3. Plot between Lno ((T)TY) and T of
Shy-«Bi,Tes thin films.
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Table 3. Mott's parameters of the amorphous Shz-BiyTes thin films.

-1

Slope co a N(Er ) Range Hopping
Shz-BixTes A (@ 'em™K"?) {cm) (eVlem™ R energy
(K" (cm) (eV)
x =00 04.48 12.64 3.94x10”° 381x10'° 3447% 107 0.153
x =05 90.67 11.82 457x10” 2.87x10" 38.43%x 1077 0.146
x =10 89.77 11.73 4.70x107 2.75% 10% 39.10x 107 0.145
AT Az 7178 2As7] A3 "A ol&F
2l field-lowing coefficient$! £ e ® AR T, A
QZ:‘-Q—E :I]"ﬂ' .BExper.g'" H}ﬂi{]—ﬁq— o]u:]} Btheary 0.020 |-
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Fig. 4. Variation of current with square root of
the field of SbisBiosTes thin film.
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E 4 SbyBi,Tes 299 field lowering coefficient H] &,
Table 4. Comparison of field lowering coefficient of She-BicTes.

High frequency Experimental Theoretical Theoretical
Shbs»BirTes dielectric constant ( B Exper) (Bs) (Brr)
(e") (eVV m!?) (eVV ™ m'?) (eVV "?m'?)
x =00 29.89 1.40%x 107 6.94x107° 1.39>10™
x =05 21.61 157% 107 8.16x10° 1.63x10™
x =10 6.04 762x10™ 154x10™ 3.08x10™

2 A oE G 2ol & F AT9L

$(0) = — kfeT &F (®)

FA A A xx & go) EEYE + Ut
kT
2e 7%
e A B E 49 Brge T ol &3
Sb-Bi-Te utet W]l FAsg F4o T4 Ay
(potential well})?] HFElE& AAT + 9. 29 6
‘% H]@é SbZ-xBixTea (x = 05) \;1}-?_} LH %Zﬂi]—%
%49 potential well FehE Yetd Aol x§

A& ol s FHEAF WA (mean free path)e] £
04 FHe fF& 4ol(effective dimension)& *

)

0.0000
®
2 -00005|
>
j<d
[
[ =
L3
]
F] 0.0010 |
Q
Q
a
0.0015 L L . 1
1.0x10° 2.0x10° 3.0x10° 4.0x10°
Distance (cm)

3% 6. SbisBiosTes 22t Ul Efe] ¥eld ol
Fig. 6. Shape of the potential well of a trap in
Shi1sBigsTes thin films

225

#atia, oled¥t FHo| Poole-Frenkel emission©]
AZE e oA HANA wEETdE A3 A
FTHoERE d"lojd $ 9tk Poole-
Frenkel 87t @& A4 AHAZ F.oletd
HEAFPAL g Hoz2RE AMd + ok

kgT

%o Vi
AME W3 Aol FFEAFIHAL x #ol 0
2 05 109 A$ A7 15x10° 1.79%x10° 2
258%10° cm&A H#FAS% PAo| Bi ¥E 27}
A we Aojye & + Utk olHE FIARY
39 F7te FA%EY A U9x Fad s
Aog AzE.

t °lg

A= )

4. 4 &

A% Z3}§ SbyBi,Tes ¥tete] #73 EAE
ZANE A3 wtet ) Bi %7 F7bgel wial u)
Aol 3743 F28HL, 53 £ Bl $5k =
L0 Ax FAe) p-typedl Al n-typeo 2 ¥
5T} olAL BRAoz o238y B 4AE
ol ¥4 2 28 9% Fermi level? unpinning &
2 d9Ed. HAA SheBiTes grate] #H7] A
EE A dAe A% $d9 =% 7)1+t 303-363
Kol &= ¥4dA F8 717y 363-403 K9
2% 99N phonon assisted hopping 7177}
o A Aoz AHAYG. EF Fermi level
FH Mg =4 A YEE Bi ¥E7 F7H
mat Zasgen, 2 A9 3T HHAY F7 2
23 duA FATES ¢ & AAd. = AA

4= Poole-Frenkel emission®] 8 AX 7174



J. of KIEEME(in Korean), Vol. 15, No. 3, March 2002.

onj, ZAstE F49 ¥4 9 JHE f
s, Wk Adojel B Af ¥ =R ALY
.

o 28
[1] Hamakawa, "Non-Crystalling Semiconductors

Vol. 1", (Ed. M. Pollak) CRC Press, 1987.

A. Madan and M. P. Shaw, "The Physics
and Applications of Amorphous Semicon-

{2

ductors”, Academic Press, 1988.
M. W. Lee, W. H. Kang, C. M. Park, and
K. A. Lee, “The study on the cystallization

and electrical properties of Ge - Se - Bi
] of

(3]

system chalcogenide  glasses”,

KIEEME, Vol. 6, p. 175, 1993.

H. Y. Lee, H. B. Chung, and S. H. Park,

“Photo -Induced scalar

according to thickness dependence of

chalcogenide ASxGenSewsSs Thin Film”, J.

of KIEEME, Vol. 10, p. 467, 1997.

{5] J. H. Park, H. B. Chung, S. J. Jang, and C.
H. Y, “The properties of photoinduced
pirefringence in chalcogenide thin films by
the electric field effects®, J. of KIEEME,
Vol. 14, p. 58, 2001.

[6] R. M. Mehra, K. Rajesh, and P. C. Mathur,
"Electrical and optical properties of
GexnSbxSeso-x thin films”, Thin Solid Films,
Vol. 170, p. 15, 1989.

{71 N. A. Hegab, M. Fadel, M. A. Afifi, and M.
F. Shawer, “Temperature dependence of
electrical properties  of
Ter:Gez=Sisss glassy alloy”, J. Phys. Dt
Appl. Phys. Vol. 33, p. 2223, 2000.

[B1 M. A. M. Seyam, “Optical and electrical
properties of indium monosulfide (InS) thin
films”, Vacuum, Vol. 63, p. 441, 2001.

[9) K. L. Bhatia, G. Parthasarathy, E. S. R.
Gopal, and J. Non-Cryst. Solids, Vol. 69, p.
1894, 1985.

[10] T. Takahashi, T. Sagawa and H. Hama-

(4]

phenomena

and  thermal

26

naka, and J. Non-Cryst. Solids, Vol. 65, p.
261, 1984.

[11] S. R. Elliott, “Physics of Amorphous Ma-
terials”,



