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Abstract

The influence of silver doped n-type polycrystalline CdTe film with thickness of 200 nm and
rate deposition of 0.3 nm.s™ prepared under high vacuum using thermal co-evaporation technique
on its some structural and €electrical properties was reported. The X- ray analysis showed that all
samples are polycrystalline and have the cubic zinc blend structure with preferential orientation in
the [111] direction. Films doping with impurity percentages (2, 3, and 4) %Ag lead to a
significant increase in the carrier concentration, so it is found to change from 23.493x10% cm™ to
59.297x10° cm™ for pure and doped CdTe thin films with 4%Ag respectively. But films doping
with impurity percentages above lead to a significant decrease in the electrica conductivity and
Hall mobility, so they are found to change from 6.3x107(Q.cm)™ to 1.59 x107(Q.cm)™ , and from
16.759 x10° cm?.(V.sec)™ to 1.675 x10° cm.(V.sec)™ respectively, for pure and doped CdTe thin
films with 4%Ag. And aso the doping lead to change the kind of conductivity for thin films obtain,
so we found that pure CdTe thin film is n-type and then convert to p-type when thin film doped
with (2, 3, and4) %Ag.

Introduction as. the amount of impurities included in the
Thin films of 1I-1V semiconductors are growing layer will be minimized, the tendency
currently used in many semiconductors to form oxides will be considerably reduced
devices such as photo-electrochemica cells, and finally straight line propagation will occur
field effect transistors, detectors, photodiodes from the source to substrate. This method has
and photovoltaic solar cells V. CdTe with a been employed for preparation of the CdTe,
direct band gap of 1.5 eV and high absorption and CdTe:Ag thin films, but Wolf et €.®, and
coefficient (> 10 cm?) is one of most Hamann et a."® have been employed the
promising  semiconductor  materia  for radiotracer Ag, and implanting radioactive
producing photovoltaic solar cells @, Also, method respectively for prepared CdTeAg
doping CdTe thin films with different metal thin films.
atoms produced considerable change in the This paper analysis the effect of Ag doping
optica, and electrical of the thin films on the structural and €electrical properties of
properties®, that maeke it useful in the  thermally evaporated CdTe thin films on glass
technology of thin film devices® . As potential substrate.
acceptors, the group Ib elements Cu, Ag, and

Au are important impurities in 11-VI Experimental
compound semiconductors. Besides the Un-doped and Ag-doped CdTe thin films
acceptor like incorporation on substitution were grown by thermal co-evaporation onto

lattice sites, in addition, they are reported to corning glass substrates kept at temperature
occupy interstitial lattice sites®, this fact was (473K) under vacuum(~2x10°Torr) of the
aso emphasis by Chamonal et d.© | and CdTe powder (purity 99.999% obtained from
Monemar et a.\” . For fabrication of the CdTe Blazers, Switzerland) using Edward coating
films a variety of preparation techniques have unit model 306A. The source -substrate

been emplo?/ed such as vacuum deposition @, distance was about 15 cm. A thermocouple
sputtering ), electro deposition @©, metal- placed in contact with substrate in order to
organic chemical vapor deposition Y, and remain the substrate temperature practically

close-space sublimation ®. The vacuum constant during the deposition. The film

evaporation method has some advantages such structures were investigated by using Cu-K,
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radiation (A=1.54A) in the 26 range (20°-60°).
For electrical measurements, samples with
planar geometry have been prepared using
deposited auminum thin film as contact
electrodes were deposited in vacuum onto the
substrate before film deposition by using
suitable masks. Keithley (616) electrometer
was used for resistance measurement in the
temperature rang of (291-495) K.Hall effect
was carried out by using D.C. power supply
(0-40) Volt, and two keithey to measure the
passing current (1), and Hall voltage (V) that
emerge after applied constant transverse
magnetic  field (B=0.257Tasla). The
measurements of X-ray diffraction and D.C.
conductivity were made in the geology
scanning office, and thin film laboratory,
college of science, university of Baghdad
respectively.

Result and Discussion

These results include X-ray diffraction
examination of CdTe powder, pure CdTe
films, and films doped with (2, 3, and 4) %
slver, adso the result of dectrica
measurements  (D.C.conductivity, and Hall
effect) of films by using auminum electrodes
have been analyzed.

1. Structural properties:

XRD pattern of the CdTe powder and
CdTe films [pure, and doped with (2, 3, and 4)
% Ag] are shown in Fig. (1). The spectrum of
CdTe powder is seen to exhibit four sharp
peaks corresponding to the cubic phase of
CdTe as compared with the standard values in
ASTM cards. But the spectrum of CdTe films
is seen to exhibit three sharp peaks and all
films deposited show the highest peak near 26
equal to 24°, suggesting that the crystal
structure of the CdTe films is zinc blende with
a preferential orientation of the (111) plan. No
diffraction peak corresponding to metallic Cd,
Te,or other compound was observed. This
result agreement with Sanyal at el.*® for pure
CdTe films. So the experimental results show
that the above impurity percentages don’t
make any clear change at the main features of
diffraction pattern of CdTe films.

Table (1) summaries the values of Miller
indices (hkl), 2 theta (26), and the interplaner
distance (d) for powder and prepared CdTe
samples.
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2. Electrical properties:

Fig. (24 b, ¢, and d) show the variation
logarithm of the conductivity (Inc) with1000\T
for pure, and dopant CdTe thin films with (2,
3, and 4) % Ag. These figures show that there
is dependence of conductivity on temperature
and there are two transport mechanisms giving
rise to two activation energies (Ea, Ew)
throughout the temperature range (291-434)K,
the first activation energy (Ea) occurs at
higher temperature, within rang (384-434)K,
and this is due to conduction of the carrier
excited into the extended states beyond the
mobility edge, while the second activation
energy (Ex) occurs at lower temperature,
within rang (291-380)K, and the conduction
mechanism of this stage is due to carrier
transport to the localized states near the
valence and conduction band.

The D.C. conductivity was determined
according to the relation (o4.=L\R.W.t;)) where
L is the distance between the electrodes, R is
the measured electrical resistance of the film,
W is the width of the electrodes, and t;, is the
thickness of the film, and also the activation
energy (Ea, Ea2) were determined according to
the relation cqc=coexXp(-Ea\ksT), where o is
the minimum electrical conductivity, T is the
absolute temperature, and kg is the Boltzmans
congtant. From Table (2), the electrica
conductivity is found to decrease from
6.3x107 (Q.cm)™ to 1.59x107(Q.cm)™, while
the activation energy (Ea) is found to increase
from 0.774 eV to 1.063 eV for pure and doped
CdTe thin film with 4%Ag respectively. This
behavior of o4 and Ex with doping
percentages might be due to creating an
acceptor levels near valence band.

Hall effect measurement give information
about the electrical properties such as type of
charge carriers of the semiconductors material,
Hall coefficient [Ru= (Vull) x (tW/B)],
concentrations of charge carriers (ny=1/Rn.€),
where e is the electron charge, and Hall
mobility (Un=o|Ry[).Ry for pure CdTe thin
films is negative since Hall voltage decrease
with the increase current as shown in
Fig. (3.9), this means that they are of n-type,
i.e. conduction is dominated by electron. This
indicate to the cadmium interstitial density is
much higher than the tédlurium vacancy
density Y, but Ry for CdTe thin films doping
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with (2,3,4)%Ag is positive since Hall voltage
increase with increasing current as shown in
Fig. (3.b, ¢, and d), this means they are of p-
type, i.e. conduction is dominated by holes, it
is attributed to the acceptor impurity (Ag).

Table (2) summaries the values of Ry, n,
and pw. It can be noticed that the value of n
increase from 23.493x10%cm* for pure CdTe
thin films to 59.297x10%m™ when films
doped with 4%Ag. This can be explained by
the fact that the impurity (Ag) incorporation
on substitution lattice site. And the value of py
decrease from 16.759x10%(cmA\V.sec)  to
1.675x10%(cmA\V.sec) for pure and doped
CdTe thin films with 4%Ag. The decreasing
in mobility is due to various scattering
mechanism which occur by the grain
boundaries, lattice atom vibration impurities,
and defects, for all these reasons the mobility
should decrease with increasing impurity
percentage so the electrica conductivity
decrease.
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Conclusion

The influence of impurity percentages (2,
3, and 4) %Ag was investigated on the
structural and electrical properties for CdTe
films evaporated onto well cleaned glass
substrates at temperature equal to 473K by
thermal evaporation under a pressure of~10"
Torr. By analysis of X- ray diffraction it is
found that al CdTe films exhibit
a polycrystalline structure. The predominant
peak near 20 equal to 24° indicates that the
CdTe films are of zinc- blend structure with a
preferential orientation along the (111) plane.

The carrier concentration (n) of dopant
films is higher than those of un-doped films
and it is increase with increasing impurity
percentages, but the electrical conductivity (o)
of do pant films is lower than those of
undopant films and it is decrease with
increasing impurity percentages.
It can be concluded that doping CdTe thin film
with Ag percentages above is necessary to
produce films with given properties for a
specific application.
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Fig. (1): The X-ray diffraction spectra of:
a- CdTe powder. b- pure CdTethin films.
c- CdTethin film + (2, 3, 4) %Ag.
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Fig. (2): Theplotsof Lhe vs. 1000\T for:

a- Pure CdTethin film.
c- CdTethin film+3%Ag.

b- CdTethin film+2%Ag.
d- CdTethin film+4%Ag.

132



Journal of Al-Nahrain University

Vol.13 (2), June, 2010, pp.129-135

Science

0 10
’ A A Pure CdTe o | X CdTe+2%Ag X
2 - A 8
3 A 7 »
= 4 =
S ] 4 = °] x
T 6 L 2] X
y— —
X 7| X 4 X
as) =
> 8 > 3 X
-9 2 X
-10 A 1{ X
-11 o 0 +—X \ w
0 10 20 30 40 50 60 0 20 40 60
(a) Ix 10" (Amp.) (b) Ix 102 (Amp.)
12 11
< CdTe+ 3%Ag X CdTe+4%Ag
10 | X
10 © X
9 a
| X
8 8 - X
S 2 7 X
s o S *
= °<> < 6 X
> E X
T 4 o0 T 51 X
= o° = X
5 0 =41
o 3 X
0oL_©
‘ 2
0 20 40 60 80 100 0 10 20 30 40 50 60 70 80
(© Ix 10 (Amp.) (d) Ix 10% (Amp.)

Fig. (3): Therelationship between Hall voltage and Passing current for:
b- CdTe thin film+2%Ag.

a- Pure CdTethin film.
c- CdTethin film+3%Ag.
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d- CdTethin film+4%Ag.
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Table (1)
The structural parameters of CdTe powder and prepared CdTe samples obtain from XRD
diffraction.

Sample hk 20(deg) d(A)

111 239 3.719

220 39.5 2.281

CdTe Powder

311 46.6 1.946

400 56.8 1.619

111 23.7 3.756

CdTeThin Films 220 39.1 2.301

311 46.4 1.956

o 111 23.8 3.737

CdTe Thin Films+
220 39.3 2.291
(2,3, and 4)%Ag
311 46.2 1.964
Table (2)
The electrical parameters of CdTe and CdTe Ag films obtain from D.C. and Hall effect
measurement.
(640)x10° | Ea Ex Rux10° npx108 X107
Sample
@cm)® | (ev) ) | (em3chH | (em?d cm?.(V.sec)

PureCdTe 6.3 0.774 | 0.052 -2.66 23.493 16.759
CdTet2%Ag 4.45 0.868 | 0.042 2.178 28.693 9.692
CdTe+3%Ag 3.28 0.953 0.02 1.268 49.259 4.161
CdTe+td4%Ag 1.59 1.063 | 0.017 1.054 59.297 1.675

134



Journal of Al-Nahrain University

References

[1] H. Hernandez- Contreras, C. Megjia

Garcia, and G. Contreras- Puente, “Thin

Solid Films”, Vol. 203, 2004, pp. 451-

452.

W.A.Pinheiro, V.D.Falcao, L. R. O. Cruz,

and C. L. Ferreira, “Comparative Study

of CdTe Sources Used for Deposition of

CdTe Thin Films by Close Spaced

Sublimation  Technique’,  Materials

Research, Vol. 9, No.1, 2006, pp. 47-49.

N. A. Baker, “Effect of Thermal

Annealing on Zinc Diffused-CdTe Thin

Films”, Egypt. J Sol., Vol.23, No. 2,

2000, pp. 325-332.

G.G.Rusu,“Stuctural, electronic transport

and optical properties of Zn-doped CdTe

thin films”, Journal of optoelectronics and

advanced materials, Vol. 8, No. 3, 2006,

pp. 931-935.

H. Wolf, F. Wagner, Th. Wichert, and

ISOLDE collaboration “Defect and

Diffusion Forum” Vol. 491, 2005,

pp. 237-240.

J. P. Chamonal, E. Molva, J.L. Pautrat,

and L. Revail,“J. Cryst. Growth” Vol. 59,

No. 297, 1982.

B.Monemar, E.Molva, and Le Si Dang,

“Phys. Rev”, Vol. B33, No. 1134, 1986.

U.Khairnar,D.Bhavsar,R.Vaidya,andG.B

havsar,“Mater. Chem. Phys.”, Vol. 80,

No. 421, 2003.

A.D.Compaan, A.Gupta, S.Lee, S.Wang,

and J.Drayton,“High Efficiency

Magnetron Sputtered CdS/CdTe Solar

Cells”, Solar Energy, Vol. 77, No. 6,

2004, pp.815-822.

[10] X. Mathew, N. Mahew, P. Sebastian,
and C. Flores“Sol. Energy Mater. Sol.
Cells”, Vol. 81, No.397, 2004.

[11] I.Mora-Sero, C.Polop, C.Oca, M.Aguilo,
and Munoz-Sanjose, “J.Crystal Growth”,
Vol. 275, No.60, 2003.

[12] J. Hamann, A. Burchard, M. Deicher, T.
Filz, V. Ostheimer, C. Schmitz, H. Wolf,
Th. Wichert, and ISOLDE collaboration
“ldentification of Ag-acceptor related
photoluminescence in Ag doped CdTe”,
Appl. Phys. Lett., Vol. 72, No. 23, 1998,
pp.3029-3031.

[13] G. S. Sanyal, A. Mondal, K. C. Mandal,
B. Ghosh, H. Saha, M. K. Mukherjee,

[2]

(3]

[4]

(5]

[6]

[7]
(8]

[9]

Vol.13 (2), June, 2010, pp.129-135

135

Science

“Sol.Energy Mater”, Vol. 20, No, 395,
1990.
[14] M. A. Berding,“Annealing condition for

intrinsic  CdTe”, Appl. Phys. Lett.,
Vol. 74, No. 4, 1999, pp. 552-554.
LAl

ol sl ey o dadlly apdaill 3G Al s
saaaidll o sredl I il ls e Al Sl 5 A 5
200 NMélew— 3 I bl g sl cha gl bl
il 4 Jlat 0.3 NM ST a5 Janas
o) Al &S Qs L g1 a1 8z ga el 5 ) sadl
LTy &l sl Baselia b B juimnal) mileill area (L
padat (53 L [111] Jenial) o ) aa a8l S
& (234)% il il o el o pli duiel
sy Cuncdiadl) el 58 5 8 dala 3oy Jsas
23.493x10%cm® o e i) elals 38 5 o
o speal €I uls Lz 4ually 59.297x10%cm™ L)
st 53 ety 4% Aoy Lailly daakaall 5 4810
Gl sl Jgean ) 8De) Gauilly s duadlly LpaeY)
Ol sy (s S iy Al e Aduagl
e i e A€ g Al el AL )
, 1.59x107(Q.cm) ™ —— 9 6.3x107(Q.cm)?
—1 16.759x10%cm? .(V.se0) o
ey 4l g e 1.675x10%cn?. (V.sec)™
LS 49040ty Guzailly dandadll 5 480 o 50020 2 s
B paadl LS Lla gl g 6 e ) skl
el b o Lial A5l EBlala g g0 ) Laa g dua
A sl Leaic p-typedsais nrtypess &
(2,3,and 4)% il 5 duzilly

.

“1 -




