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Abstract

The films of CdSe pure and doped with copper of ratio (0.5, 1.5, 2.5, &
4wt%Cu) have been prepared by evaporation technique of thickness 1pm onto clean
glass substrate. The effect of Cu concentration on optical properties of CdSe pure and
doped with copper has been studied. It s found that they have direct energy gap. The
absorption edge was shift slightly towards higher wavelength for Cu- doped films and
energy gaps(E,) decrease with increasing of Cu concentration from 1. 83eV to 1.79%V
for CdSe pure and doped with 4wt% respectively, due to increasing of impurity levels
in the band gap. It was found that the absorption coefficient is increased with increase
of Cu concentration from 7X10°cm™ at 0.75um for pure CdSe to the 1.15X10%m
for 4wt% Cu at the same wavelength. The amorphousity of the films decreases with
increasing of Cu concentration due to improve the structure of the film by adding the
Cu. And the density of state increases with increasing copper from (0.119-0.15)eV for
CdSe pure and doped with 4wt% respectively. The refractive index, extinction
coefficient and dielectric constant were also studied.

I-Introduction: oxygen[zl. Al-Ani et al Phas studied
Cadmium selenide is an the optical properties of CdSe at
important member of this group of different substrate temperatures, they
binary compounds. It has a direct found that the ecnergy gap was
intrinsic band gap of 1.74eV, which increased as the substrate temperature
makes it an interesting material for increased. Also the same authors!"l -
various applications. This material has have prepared CdSe:Cu by vacuum
been grown in bulk single crystalline evaporation technique. And they found
form and has been used as an efficient that the energy gap was decreased as
photoconductor. There are two main the  copper content increased.
methods for preparing semiconductors Mahmoud et al'! and Narayaandass et
thin films, the first method is involves al® have prepared CdSe film by hot
electrochemistry to deposit the thin wall deposition technique onto glass
films on a solid surface and this substrate, they are studying the X-ray
procedure provides materials such as diffraction and found that the films
CdTe. CdSe and CdS which are used exhibit preferential orientation along
in solar cells, and the second method is the (103) direction and changes to the
chemical spray!'l. In recent years much (002) direction as the thickness
attention has been shown in increases. The optical absorption
semiconducting II-VI  compounds coefficient exceeds 5X10%m™ for all
because of their optoelectronic wavelength less than 0.7 pm B,
pmperﬁes and applications‘ CdS and Materials films depend mainly on the
CdSe films which grown by impurity concentration and
evaporation technique have been used sensitization of the films. Extensive
as gas sensors for detection of studies have been carried out on the
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photoconducting properties of Cu-
doped CdSe!*'®!!] The nature and rule
of defects in CdSe, and the part played
by copper have still been well-
established!>"). As will most of the II-
VI compounds, accidental trace
contamination with copper is quite
common. This is  particularly
importance in the Cuy; Se-CdSe
heterojunction solar cell device where
copper may diffuse readily across the
junction. On the other hand, copper is
widely used as a counter dopant in the
preparation of  photoconductive
CdSet'™. This paper presents the
results of a study the optical properties
of pure CdSe and doped with copper at
different concentration, and calculate
all the optical constants.

2-Experimental:

The pure cadmium selenide
(CdSe)(99.999)% were doped with
copper by chemical diffusion by mixed
it with solution of CuCl(0.5, 1.5,2.5,
4wt%) and dried at 100°C for one hour
and were taken as a source materials.
CdSe:Cu films were deposited onto
glass by vacuum evaporation with
thickness(1um). Annealing was made
for all films at 350°C in vacuum with
argon  atmosphere. Lambda 9
Spectrophotometer from Perkin-Elmer
Co. Has been used to carry out the
absorptance(A) and transmittance(T)
spectrum in the wavelength(}) range
(0.4-1um region for pure CdSe films
and doped with copper. The
absorption coefficient (Orefractive
index( n) and extinction coefficient(k),
has been calculated from the equations

respectively!'™:
a =2.303A/d (1)
nz( 4R me)Ul . (R+1) _____(2)
(R-1)’ (R-1)
k=ai/4n )

1R1

where R is the reflectance, and the real
and imaginary part of dielectc
constant (£; and &)respectively can be
calculated by using equations!™:

e=n K (real part)———(4)

& =2nk (imaginary part)------- (5)

3-Results and Discussion:

Fig.(1) shows the transmittance and
absorptance spectra for pure CdSe
films and doped with different copper
concentration (0.5, 1.5, 2.5, & 4wt%)
and annealed at temperature 350°C
under argon  atmosphere. The
absorption, transmission, and reflection
has been studied, also energy gap and
optical constant has been determined.
In general, our results showed a
decrease in transmission spectra with
increasing  Cu concentration. The
absorption edge shifting to higher
wavelength and this may be attributed
to the creating levels at the energy
band by adding the more of Cu
concentration, which leading to shifis
to smaller energies and this may be
indicate that doping with Cu leads to
an increasing new states in the energy
gap, visualized as an increase in the
width of concentration tail leading to a
shift of Fermi level towards the
valance or conduction band""®). Also we
are studied the spectum of
absorptance as in Fig.(1). It is obvious
that it behavior is opposite to that of
transmittance spectrum. The  pure
CdSe films have highest
transmission(9%) at 0.7um , while
other films which doped with4dwt% Cu
showed lowest transmission(2%) at the
same wavelength. These results agreed
with Rao et al'? and with the
researcher who prepared CdSe films by

laser induced evaporationm].
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Fig.(1)The transmittance and
absorptance spectra of pure CdSe
films and doped with different Cu

concentration (0.5, 1.5, 2.5, & 4wt%)

The reflectivity decreased from 0.605
to 0.48 at pure CdSe and 4wt% Cu
respectively.  Fig.(2) shows the
absorption coefficient (o) of pure
CdSe and doped with (0.5, 1.5, 2.5,
4wi%), which calculated from the
equation(l). From this figure the value
of a Increases with increasing Cu
concentration - from  7X10°cm™  at
¢C7%um for pure CdSe to the
1.15X10%m™ for 4wt% Cu at the same
waveicngth{see Table(1). This is
izzed to the increase of Cu metal
copcenrration. this none stoichiomeric

r the films leads to increase the
imperin Jevels or the density of

ioca'rzad state which leads to increase

182

the absorption coefficient. The
dominate feature of the energy (hv)
dependence of the  absorption
cocfficient(a) is the onset of
absorption near the region of interband
transitions from wvalence band to
conduction band .

25000 |
Sl
¥ 2090 \ ,zj
] E F_‘.
5 1500
'3
| g
U foagp
£
[
1
0500
]
I
i {
; 0
a 04
|
|

Wavelengthiun|

Fig.(2)The absorption coefficient of
pure CdSe films and doped with
different Cu concentration (0.5, 1.5,
25, & 4wt%)

At o > 10%m™ the optical energy gap
of material E; may be obtained from
the equation near the band edge:

o hv=B(hv- Ep)* (6)
where B is constant represent
amorphousity factors. Which has been
obtained from the root square of the
straight line slope in the Fig.(3). From
this figure the value of B is increased
with increasing Cu concentration .We
know that B is inversely proportional
to amorphosity and the width of the
band tails I} Equation (1) is applied
for allowed direct transitions as shown
in Fig.(3) which present the (a hv)” as
a function of hv in accordance with
equation(l) and the extrapolation of
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the linear regions give value of
E,(1.83, 1.8, 1.8, 1.82, 1.79)eV for
pure CdSe and doped with (0.5, 1.5,
2355 4wt%)Cu respectively(see
Table(1)) and this attributed to the
increase the density of localized state
in the energy gap which cause shift in
E; to smaller energy gap with
increasing Cu concentration. These
value of E; are agreement with
Ichimura et al'", they obtained E,
about (1.84-1.9)¢V before annealing
and (1.75-1.85)eV after annealing.
Also Shreekanthan et al®® have found
that the value of E; equals to 1.88¢V
for CdSe which prepared by hot wall
method at room temperatures, And
Philip et al®® found that the E, shifts
towards higher wavelength with
increasing pressures.

Atl< o <10%cm? the value of
width of tails(AE;) of localized state in
the gap is obtained from Fig.(4)where
Ln a is plotted as a function of hv, in
accordance with Urbach relation!':

o= a,exp(hv/ AE )-=-mrermmmm(T)

where a, is constant, The value of AE,
extracted from the reciprocal slope of
the linear part are equals to (0.119,
0.12, 0.13, 0.149, 0.15)eV for pure
CdSe and doped with (0.5, 1.5, 2.5,
4wt%)Cu respectively(see Table(1)),
and this attributed to the increasing of
Cu concentration in the E; which lead
to create localized state in the E; . The
value of extinction coefficient(k)
which calculate from the equation(3)
are shown in Table(1). The behavior of
k is nearly similar to the corresponding
absorption coefficient. We can see
from this figure that the value of k
increased by increasing Cu
concentration and this is due to the
same reason which mention previously
in a. The values of the refractive
index(n) which which calculated from
the equation(2) are equals to (3.8, 3.7,
3.36, 2.78, 1.592) for pure CdSe and
doped  with (0.5, 1.5, 2.5,
4wi%)Curespectively (see Table(1)),
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Fig.(4)Represents Ln a as a fanction
of hv of pure CdSe films and deped
with different Cu concentration (0.5,
1.5, 2.5, & 4wt%)
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which decreased with increasing Cu
content, and this attributed to the
increasing of Cu impurity mmde Eg i
which effect on the value of nl'*land
this agreement with other
mscarchers[m, they obtained on n
equals to 2.63 and 2.43 at wavelength
0.75um.Table(1) show the variation of
real and imaginary part of dielectric
constant (£ and g)respectively as a
function of Cu content which
calculated from the equations(4 and 5).
The behavior of ¢, is similar to
refractive index because the smaller
value of k* comparison of n’, while &
is mainly depends on the k values,
which are related to the variation of
absorption coefficient. It is found that
g and &; decreases with increasing Cu
concentration as shown inTable(1).

Table(1) Represents the optical
constants of CdSe and CdSe:Cu
ﬁ]_ms with different Cu mm-mﬂnn
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Conclusions:

The pure CdSe and CdSe:Cu
films were prepared on glass substrate
by vacuum  evaporation  with
thickness(1um). Annealing was made
for all films at 350°C with argon
atmosphere. The effect of copper
concentration on the optical properties
of pure CdSe and doped with copper
bas been studied. Its found that:

1. The films have direct energy gapand
the absorption edge was shift slightly
towards higher wavelength for Cu-
doped films.

2 The wvalue of energy gaps(Ey)
Fcrease  with increasing of Cu
~rrezrarion from 1. §3eV to 1.79eV
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for CdSe pure and doped with 4wt%
respectively.

3. It was found that the absorption
coefficient and extinction coefficient
increased  with increasing of Cu
concentration.

4, The amorphousity of the films
decreases with increasing of Cu
concentration due to improve the
structure of the film by adding the Cu.
5.The density of state increases with
increasing copper from (0.119-0.15)eV
for CdSe pure and doped with 4wt%
respectively.

6. The values of the refractive index(n)
are equals to (3.8, 3.7, 3.36, 2.78,
1.592) for pure CdSe and doped with
(0.5, 1.3, 2.5, 4wt%)Cu
respectivelywhich  decreased  with
increasing Cu content.

7.1t is found that €, and e; decreases
with increasing Cu concentration.
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