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ABSTRACT
SnO2/CdS-CdTe heterojunction has been fabricated by thermal evaporation
technique, 0.05 µm thicknesses of SnO2 nanostructure was evaporated as thin layer
to be used as an antireflection and as transparent conducting oxide. The prepared
cell has been annealed at 573K for 180 minutes. The general morphology of SnO 2
films was imaged by using Atomic Force Microscope (AFM), the image shows that
the average grain size of the prepared film is constructed from nanostructure of
dimensions in order of 72 nm. There are two wide peaks were presents at
the x-ray pattern which were refers to SnO 2 and is in agreement with the
literature of American Standard of Testing Materials (ASTM).
The capacitance- voltage a measurement has studied at 102 Hz frequency, the
capacitance- voltage measurements indicated that these cells are abrupt. The
capacitance at zero bias, built in voltage, zero bias depletion region width and the
carrier concentration have been calculated. The carrier transport mechanism for
SnO2/CdS-CdTe heterojunction in dark is tunneling – recombination. The value of
ideality factor is 1.56 and the reverse saturation current is 9.6×10 -10A. Band energy
lineup for SnO2/ n-CdS-p-CdTe heterojunction has been investigated by using I-V
and C-V measurements.
Key words: n-CdS-p-CdTe Heterojunction; C-V Measurements; IV Measurements; Energy Band Diagram.

 اﻟﺮﻗﯿﻖ ﺑﺎﺳﺘﺨﺪامSnO2/CdS-CdTe رﺳﻢ ﻣﺨﻄﻂ اﻟﻄﺎﻗﺔ ﻟﻠﻤﻔﺮق اﻟﮭﺠﯿﻦ ﻟﻠﻐﺸﺎء
ﻗﯿﺎﺳﺎت ﺗﯿﺎر – ﺟﮭﺪ و ﺳﻌﺔ – ﺟﮭﺪ
اﻟﺨﻼﺻﺔ
واﺳ!ﺘﻌﻤﻞ, ﺑﺘﻘﻨﯿ!ﺔ اﻟﺘﺒﺨﯿ!ﺮ اﻟﻔﺮاﻏ!ﻲ اﻟﺤ!ﺮاريSnO2/CdS-CdTe ﺗﻢ ﺗﺤﻀ!ﯿﺮ اﻟﻤﻔ!ﺮق اﻟﮭﺠﯿﻨ!ﻲ
 ﺛ!ﻢ,  ﻛﻄﺒﻘﺔ ﺷﻔﺎﻓﺔ ﺿ!ﺪ اﻻﻧﻌﻜﺎﺳ!ﯿﺔ0.05 µm  ذو اﻟﺘﺮﻛﯿﺐ اﻟﻨﺎوي اﻟﻤﺤﻀﺮ ﺑﺴﻤﻚSnO2 ﻏﺸﺎء ﻣﻦ
SnO2  ﺗ!!ﻢ ﻓﺤ!!ﺺ ﺗﺮﻛﯿ!!ﺐ ﻏﺸ!!ﺎء. دﻗﯿﻘ!!ﺔ180  ﻣﺌﻮﯾ!!ﺔ وﻟﻤ!!ﺪة573 ﺗ!!ﻢ ﺗﻠ!!ﺪﯾﻦ اﻟﻤﻔ!!ﺮق اﻟﻤﺤﻀ!!ﺮ ﺑﺪرﺟ!!ﺔ
 وﻗﺪ ﺗﺒﯿﻦ ﺑﺎن اﻟﻐﺸﺎء ذو ﺗﺮﻛﯿﺐ ﻧﺎﻧﻮي ﺑﻤﻌﺪل ﻟﻠﺤﺠﻢ اﻟﺒﻠﻮري, (AFM)ﺑﺎﺳﺘﺨﺪام اﻟﻤﺠﮭﺮ اﻻﻟﻜﺘﺮوﻧﻲ
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 وﻣﻦ ﺗﺤﻠﯿﻞ ﻟﻨﺘﺎﺋﺞ ﻓﺤﻮﺻﺎت ﺣﯿﻮد اﻻﺷﻌﺔ اﻟﺴﯿﻨﯿﺔ ﺗﺒﯿﻦ ﺑﺎﻟﺸﻜﻞ ﻋﻦ وﺟﻮد ﻗﻤﺘﯿﻦ واﺳ!ﻌﺔ, ﻧﺎﻧﻮﻣﺘﺮ72
. (ASTM) ﺗﺸﯿﺮ ﻟﻠﻤﺎدة اﻟﻤﺤﻀﺮة طﺒﻘﺎ ﻟﻠﻤﻘﺎﯾﯿﺲ اﻻﻣﺮﯾﻜﯿﺔ ﻟﻔﺤﻮﺻﺎت اﻟﻤﻮاد
 و ﻗ!ﺪ اﺷ!ﺎرت ھ!ﺬه اﻟﻘﯿﺎﺳ!ﺎت اﻟ!ﻰ ان ﺗﻠ!ﻚ, ھﺮﺗ!ﺰ100 ﺗﻢ دراﺳ!ﺔ ﻗﯿﺎﺳ!ﺎت ﺳ!ﻌﺔ – ﺟﮭ!ﺪ ﻋﻨ!ﺪ ﺗ!ﺮدد
 و ﻗﺪ وﺟﺪ ان ﻗﯿﻤﺔ اﻟﺴﻌﺔ ﻋﻨﺪ اﻻﻧﺤﯿﺎز اﻟﺼ!ﻔﺮي و ﺟﮭ!ﺪ اﻟﺒﻨ!ﺎء اﻟ!ﺪاﺧﻠﻲ.اﻟﻤﻔﺎرق ھﻲ ﻣﻦ اﻟﻨﻮع اﻟﺤﺎد
 ﺑﯿﻨﻤ!!ﺎ ﯾ!!ﺰداد ﻋ!!ﺮض ﻣﻨﻄﻘ!!ﺔ اﻟﻨﻈ!!ﻮب ﻟﻼﻧﺤﯿ!!ﺎز اﻟﺼ!!ﻔﺮي و ﺗﺮﻛﯿ!!ﺰ.ﻗ!!ﺪ ﺗﻨﺎﻗﺼ!!ﺎ ﺑﻌ!!ﺪ ﻋﻤﻠﯿ!!ﺔ اﻟﺘﻠ!!ﺪﯾﻦ
 و ﻛﺎﻧ!!ﺖ ﻣﯿﻜﺎﻧﯿﻜﯿ!!ﺔ اﻧﺘﻘ!!ﺎل اﻟﺤ!!ﺎﻣﻼت ﻟﻠﻤﻔ!!ﺮق اﻟﮭﺠﯿﻨ!!ﻲ ﻋﻨ!!ﺪ اﻟﻈ!!ﻼم ھ!!ﻲ.اﻟﺤ!!ﺎﻣﻼت ﻣ!!ﻊ ﻋﻤﻠﯿ!!ﺔ اﻟﺘﻠ!!ﺪﯾﻦ
 و ﺗ!ﻢ.أﻣﺒﯿ!ﺮ10-10×9.6  و ﺗﯿ!ﺎر اﻻﺷ!ﺒﺎع ھ!ﻲ1.56  و ﻛﺎﻧ!ﺖ ﻗﯿﻤ!ﺔ ﻋﺎﻣ!ﻞ اﻟﻤﺜﺎﻟﯿ!ﺔ.اﻋﺎدة اﺗﺤ!ﺎد-أﻧﺘﻔﺎق
.اﯾﻀﺎ دراﺳﺔ ﻣﺨﻄﻂ ﺣﺰﻣﺔ اﻟﻄﺎﻗﺔ ﻋﻦ طﺮﯾﻖ ﻗﯿﺎﺳﺎت ﺗﯿﺎر – ﺟﮭﺪ و ﺳﻌﺔ – ﺟﮭﺪ

INTRODUCTION
dS/CdT thin-film photovoltaic (PV) technology plays a key role in today’s
fast growing photovoltaic industry [1]. Details about processing conditions
like maximum processing temperatures are not known [2]. By the use of
low growth temperatures not only production cost and energy payback time can be
reduced, but also thermally sensitive substrates like polyimide film can be used [2].
CdTe, in the form of a compound, is stable in air and has no toxicity to the
environment [3]. The material cost is relatively low compared to other solar cells,
such as the Si based crystalline solar cell, which is currently dominating the solar
cell market [3]. CdTe has been recognized as an attractive photovoltaic material
because of its direct band gap (Eg) around 1.5 eV, which is near the optimal value
for p-n devices. The absorber thickness in commercial CdS/CdTe PVs is in the
range of 5-10 µm [4]. CdTe thickness could be as small as 1 µm to absorb about
90% of incident solar light [4]. Cadmium sulfide (CdS) belonging to the II-VI
group is one of the promising materials for optoelectronic devices [5]. Capacitance
vs. voltage is one of the most important techniques for the device characterization.
This technique, together with the current–voltage measurements permit to study the
transport mechanism in the heterostructure and the basic physical parameters and
junction features. The gained information is essential for understanding the
photovoltaic loss mechanism, thus to improve the PV-device performance to get
higher efficiencies [6]. In this article, it is reported a study of capacitance voltage
characteristics and study the current voltage characteristics of thermally deposited
CdS/CdTe heterojunctions, the band discontinuity and the interface charge density,
which are obtained.

C

EXPERIMENTAL WORK
SnO2/CdS-CdTe heterojunctions were produced via thermal evaporation
technique. Corning glass used as a substrate, coated by Au of 0.05 µm thickness as
back contact. p-CdTe layer with thickness of about 1.2 ± 0.05 µm evaporating on
Au back contact layer, and then n-CdS layer with thickness of about 0.2 ± 0.05 µm
evaporating on CdTe layer. Then nanostructure SnO 2 of 0.05 µm thicknesses was
evaporated as thin layer to be used as an antireflection coating and as transparent
conducting oxide, finally Al of 0.05 µm thicknesses as an electrode. The films have
been deposited at substrate temperature 373 ± 5 K. All materials have 99.999%
purity. The thicknesses of the prepared films were measured using Fizue method.
The contacts of CdS on CdTe have been prepared in a sandwich configuration
between Al and Au electrodes. The basic structure of the prepared heterojunction is
shown in Figure (1). The Edward E306A coating system was used for all
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deposition processes, under pressure of about 10-6 mbar, the prepared CdS/CdTe
heterojunctions annealed at 573 ± 5 K 180 minutes under vacuum of 30 mbar.
Keithley 616 digital electrometer has been used to measure the resistance of CdTe
films. Capacitance-voltage (C-V) measurements under reverse bias voltage
between zero to 1 volt with frequency of 10 2 Hz have been carried for CdS/CdTe
heterojunction by HP-2RC unit model 4274A and 4275A multifrequency LCR
meter. Current-voltage (I-V) measurements at the forward and reverse bias in dark,
in addition to forward current measured at different ambient temperatures around
room temperature of CdS/CdTe heterojunction were done by Keithley digital
electrometer 616 and D.C. power supply.
RESULTS AND DISCUSSIONS
C-V Characteristics for SnO2/CdS-CdTe heterojunction
Mott-Shcottky plot (C-2 vs. V) for SnO 2/CdS-CdTe heterojunction is shown in
Figure (2), the plots reveal straight line relationships which mean that the junction
was an abrupt type [7]. The capacitance (C) strongly depends on the applied bias
and the slope of C-2 plot junction capacitance. In this case, it can be said that the
Au/CdTe contact is well formed. Similar results have been found by Jun et al [8].
The depletion layer width (W) is defined as [7]:
 2ε ε (V − Va )(V A − VD ) 2 

W =  1 2 bi
 qN D N A (ε 1 N D − ε 2 N A ) 

1

2

… (1)

Where ε1 and ε2 are the dielectric constants for n- and p-types semiconductor
respectively, V bi and Va are the built-in and applied voltages respectively, q is the electron
charge, ND and NA are the donor and acceptor concentration respectively. The doping
concentration can be calculated from the following relation [7]:
1

C

−2

 2(ε V − ε 2VD ) 2  2
 (Vbi − Va )
=  12 A
 qA N D N Aε 1ε 2 

… (2)

Where A is area of junction.
The intercept of the line that results from plotting between C -2 as a function of reverse
bias represents the built-in potential and the carrier concentration can be calculated from the
slope of this line from equation 3, the V bi value is 0.92.The higher value of V bi may be
attributed to the midgap states that act as recombination centers that may arise either from
states created as a result of junction fabrication or lattice mismatch between CdTe and CdS
[9]. The capacitance measurement relies on the fact that the width (W) of the space-charge region (SCR) of a semiconductor device junction changes with applied voltage. The value
of depletion region width for SnO 2/CdS-CdTe cells is 0.43 µm. The acceptor concentration
of SnO2/CdS-CdTe heterojunction is 0.61 ×10 16 (cm-3). The values of doping concentration
suggests that the SnO2/CdS-CdTe interface is n +p type, elsewhere, we have shown that in
the case of n+p type junction, recombination in the absorber space charge layer dominates
over interface recombination [10].

The surface morphology of SnO 2
The general morphology of SnO 2 films was imaged by using Atomic Force
Microscope (AFM), the image shows that the average grain size of the prepared
film is constructed from nanostructure of dimensions in order of 72nm, as shown in
Figure (3).
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X-ray patterns of the nanostructure SnO 2
The X-ray diffraction of SnO 2 thin layer was obtained at two theta from 20˚ to
60˚ glancing angle; there are two wide peaks present at x-ray pattern, as shown in
Figure (4). The result is in agreement with the literature of American Standard of
Testing Materials (ASTM), as listed in Table (1), the highest peak observed at 2Ɵ
equal 26.847°.
I-V Characteristics for SnO2/CdS-CdTe heterojunction
Figure (5) shows the I-V Characteristic at dark of SnO 2/CdS-CdTe
heterojunction. In general, the I-V characteristics for the SnO 2/CdS-CdTe
heterojunction at forward bias voltage show that the forward current consists of
two regions; the first region represents recombination currents while the second
represents the tunneling currents [11]. The carrier transport mechanism for this
case is of a tunneling–recombination type, in coherence with Alnajjar et al [9]. The
reverse saturation current was calculated from the intercept of the straight line with
the current axis at zero voltage bias. The value of reverse saturation current is
9.6×10-10A. This result is in agreement with Alnajjar et al [9]. The ideality factor
(β) can be calculated from the following relationship [7]:
β =

q
k BT

VF
I
ln  F
 IS





… (3)

Where VF is the forward bias voltage, I F and IS are the forward bias and the saturation
currents respectively, β can be calculated by applying equation 4 to the first region of the
upper curve. The value of ideality factor t is 1.58, similar result have found by Huijin et al
[12].

Band energy diagram of SnO 2/CdS-CdTe solar cell
The values of energy gaps of CdS (E g1) is near 2.4 eV [13] and of CdTe (E g2) is
1.44 eV [14]. heterojunction has been investigated by using I-V and C-V
measurements [15]. I-V measurements under forward bias in the temperatures
range (291 -301) K. The measurements were taken at low voltages to cancel the
role of the tunneling effect. We can observe that the I S decreases with decreasing
temperature due to resistance increase. Figure 6 shows the dependence of the I S on
the 103/T, from the slope of this figure the value of valence band offset (∆Ev) can
be deduced and by using the following equation [11]:
 − q (V D − ∆EV ) 

I S = exp
k BT



… (4)

The value of ∆Ev which is calculated from the previous relation equals to 0.40
eV. The total built-in voltage (V bi) is 0.92 eV, which is due to difference in work
functions (ɸ) and it is equal to the sum of built-in voltages on both sides [11],
therefore we can calculate the value of conduction band offset (∆Ec) is 0.56 eV,
which calculated from the following equation [16]:
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∆E C − ∆E V = E g 1 − E g 2

… (5)

The position of fermi level (E F) in the two other side of heterojunction can be
calculated by using the following equations [16]:
N
E C − E F = k B T ln C
 ND





… (6)

N
E F − EV = k B T ln V
 NA





…(7)

Where NC and N V are the density of states concentrations of electrons (in conduction
band) and holes (valance band) respectively. The values of (E C-EF) and (EF-EV) are found
to be equal 0.49 and 0.53 eV respectively. The band lineup model of SnO 2/ n-CdS/p-CdTe
heterojunction was constructed depending on the yield of our data, as shown in Figure (7).
Where subscripts 1 and 2 in Figure (5) correspond to CdS and CdTe respectively, and χ is
the electron affinity.

Al

Al

Thin SnO2 film
Thin n-CdS film
p-CdTe film
Au Electrode
Glass substrate

Figure (1) the typical structure of typical CdTe/CdS heterojunction.

Figure (2) Mott- Shcottky plot and C-V curves SnO 2/CdS-CdTe
heterojunction.
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Figure (3) The Surface Morphology of SnO 2film takes from Atomic Force
Microscope); the average grain size =72 nm.

Intensity (Count/Second)

(110)
(101)
(211)

Figure (4) the X-ray diffraction pattern of SnO 2 thin film.
Table (1) the value of d for all peaks of SnO 2 thin film
from X-Ray pattern.
(hkl)
(2 Ɵ)
(2 Ɵ)
d (XRD)
d
o
Degree
ASTM
(ASTM)
(A)
o
Degree
(A)
(110)
26.698
26.578
3.336
3.351
(101)
33.789
33.772
2.650
2.652
(211)
51.677
51.757
1.767
1.765

Figure (5) I-V characteristics (forward and revere bias voltage)
at dark for annealed SnO 2/CdS-CdTe heterojunction.
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Figure (6) Saturation current vs. 10 3/T for
a SnO2/CdS-CdTe heterojunction.

Figure (7) Equilibrium energy band (band line up) diagram of
SnO2/ n-CdS/p-CdTe heterojunction.

CONCLUSIONS
The prepared SnO2/CdS-CdTe heterojunctions are abrupt. The Au/CdTe contact
well formed. The depletion region widths, built in voltage, capacitance, and carrier
concentration have been calculated. The values of doping concentration suggest
that the SnO2/CdS-CdTe interface is n+p type. The carrier transport mechanism is
tunneling – recombination. We based on our results to modified band energy
diagram which has already been proposed based on the analysis of electrical
measurement.
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