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PREPARATION AND CHARACTERIZATION OF THE JUNCTION
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CulnSe,/CdTe heterojunctions were prepared by stacking elementd layers (SEL) of Cu, In
and Se onto p-CdTe single crystalsin vacuum and followed by annealing at 300 °C in air for
heating time > 1h. Hetergjunction solar cells were fabricated using the configuration
Au/CulnSe,/CdTe/Al. The electrical properties of the CulnSe,/CdTe heterojunctions were
studied by means of current-voltage (I-V) measurements carried out a different
temperatures. The dark 1-V characteristics show that a recombination mechanism controls
the transport of charge carriers across the junction. On illumination, appreciable change in
the I-V characteristics and photovoltaic effects were observed. Open circuit voltage (Voc) of
285 mV, short circuit current density (Jsc) of 41 mA cm®. The solar energy conversion
efficiency gave a value of about 4.2% without any attempt at optimisation of the cell
parameters were produced by the cells.
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1. Introduction

Heterojunction solar cells have the potential to achieve the goas of higher efficiency,
reliability and low cost, necessary for the large scd e applications. For solar cell applications and
photo-detector, other semiconductors than silicon, which have an energy gap between 1.1 and 1.6
eV, are preferred to obtain optimum efficiencies. Severa studies [1] on heterojunction using CdS
have been made for photovoltaic application during the last decade. CulnSe,/CdS heterojunction is
the widdy studied for solar cell applications because of its good lattice match and the absence of any
interfacial spike in the conduction band [2]. On the other hand, CdTe is also important due to the
wide range of its applications in photovoltaics and detectors [3]. Recently, heterojunctions based on
CdTelike CulnSe,/CdT e, have been studied.

CulnSe; is a direct band-gap semiconductor (1.04 €V) belonging to the I-I11-VI1, group of
semiconductors with the chal copyrite structure. Different techniques to fabricate CulnSe; thin film
absorbers as flash evaporation [4], spray pyrolysis [5], sputtering [6] and stacking e emental |ayer
[7]. The stacked e ementa layer (SEL) is atechnique suitable for large area devel opment because of
the smplicity of control of deposition parameters and the flexibility in the choice of processing
method of the e emental stacks into CulnSe,.

In this paper, heterojunctions of CulnSe,/CdT e have been fabricated by depositing CulnSe,
thin films with stacked dementa layer (SEL) technique on p-type CdTe single crystals. The
eectronic properties of the fabri cated CulnSe,/CdT e heterojunction solar cells were anal ysed.

2. Experimental details

The CdTe substrates with a surface area of about 1 cm? were prepared from slices 0.1 cm
thick obtained from crystalline ingots grown by the Bridgman method [8]. The crystals were p-type
not doped and showed holes density ranging from 10' to 10" cm®. Heterojunctions have been
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fabricated between films of CulnSe, prepared by dementa layer technique and single crystal of
CdTe with the configuration Aw/CulnSe/CdTe/Ag as shown in Fig. 1. Details of the SEL technique
of the used CulnSe; films have been reported d sewhere [7]. Polished a uminium sheets were used as
substrates for CulnSe,/CdTe heterojunctions. The junctions were prepared by stacking demental
layer of the n-CulnSe; film of 1um thickness onto polished p-type single crystal of CdTe a room
temperature. The heterojunctions were then annealed at 350 °C for 1 hour. The front contact of
CulnSe,/CdTe cell was achieved with a grid of gold and the back one on p-CdTe single crystal was
obtained by gick it with the aluminium substrate by silver paste. The ohmic contact nature for
Al/CdTeand Au/CulnSe, was tested separatdy prior to the factorization of the heterostructure.
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Fig. 1. Schematic diagram of a cross-section of n-CulnSe,/p-CdTe solar cell.

The junction characteristics were analyzed in terms of current-voltage (1-V) measurements.
The I-V characteristics in dark and under 100 mW cm illumination by using a halogen lamp on
CulnSe; side through the transparent grid of gold contact. The temperature variation (263 — 323 K)
on the |-V characteristics was studied under the dark condition. The cel parameters Voc, lsc, FF,
and a so the conservation efficiency were cd culated.

3. Results and discussion

The | — V characteristics of CulnSe,/CdTe heterojunctions (HJ) under investigation in dark
condition at different temperatures are shown in Fig. 2. The heterojunction had good rectification
properties considerable change was observed in the reverse bias. It shows that, the | — V
characteristics in the forward direction differ markedly from those in the reverse direction. At a
certain voltage, the current increases with increasing temperature in both the forward and reverse
direction. Since the dark | — V plots were similar to the diode characteristics. The current — voltage
relation in heterojunction can be generaly described by any of the diffusion modd, the emission
model or the recombination modd [9] from which the rdation is represented by the standard diode
equation [10]:

J =3 {exp (eV/nkT) -1} D

where e is the dectronic charge, n is the diode quality factor, k is Boltzmann's constant, T is the
absol ute temperature and Jo is the reverse saturation current density.
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Fig. 2. 1 -V characteristics of CulnSe,/CdTe heterojunction in dark condition at different
temperatures.
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The semi-log plot of forward | —V characteristics of the heterojunction is shown in Fig. 3.
The saturation current density was obtained by extrapolating the J— V characteristics at low voltage,
where the values were found to be in the ranges from 107 to 10° A cm’®. It is to be noted that the
diode factor, n, could be cd culated from the slope of certain voltage interval. The values of n were
found to vary from 2.3 to 2.5 at the temperature range from 15 to 50 °C respectively. Theincreasein
n values (> 2 ideal value) indicates that the cells were non-ideal and most of the carriers (electrons
and holes) were recombined at the junction (depletion) region [11-13]. Hence, as the voltage
increases, the current is limited by the carrier recombination. This could be due to the lattice
mismatch of the CulnSe,/CdTe system, which may giveriseto alarge number of interface states [4].
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Fig. 3. Semilogarithmic relation of current voltage characteristic of CulnSe,/CdTe
heterojunction cell in dark condition at different temperatures.

Andysis of the temperature dependence of | — V curves a constant voltage, yidds the
following relation [14]:
Jo = Joo €Xp (-AE/KT) )

where Jo, is the constant determined by the particular type of the junction and AE is the activation
energy. According to this equation, J, should change exponentially with temperature. On the other
hand, the pre-exponentia factor, J,, which obtained by extrapolating the forward current curves
shown in Fig. 3 to zero voltage is found to vary exponentialy with /T as shown in Fig. 4.
Therefore, plotting InJ, vs. 1/T yidds a straight line, where the activation energy of the charge
carriers, AE, can be determined from the slop. It was found that the value of AE is equa to 0.38 eV.
This suggests that the hole in the va ence band of CdTe (p) flows from one localized state to another
in CulnSe, (n) located within an energy range of KT by a multi-step tunneling process, and it keeps
flowing near the edge of the depletion region of CulnSe, where the tunneling rate decreases due to a
decrease of the dectric fidd. This holeis then recombined within an d ectron in the conduction band
of CulnSe, or it is emitted to the vaence band of CulnSe, [15]. The temperature dependence in
equation 2 arises from ether the recombination or emission process of the tunneling hole [16].
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Fig. 4. The current density versus 1/T of CulnSe,/CdTe hetergjunction solar cell in dark condition.



1496 A. Ashour, A. A.Ramadan, K. Abd EL-Hady, A. A. S. Akl

The val ues of the series resistance (Rs) in dark condition for the cell can be determined from
the forward JV characteristics of Fig. 3 at highe voltage. Thus, for a given current density, J, at a
certain temperature, the linear part gives the voltage drop, AV = JRs, across the neutrd region. The
plot of AV versus J shown in Fig. 5 should give a straight line whose slope yie ds the value of the
series resistance. The results given are Rs from 19 to 28 kQ at temperature from 15 to 50 °C
respectively. As we seen, by increasing the temperature, the series resistance increased and the
current density of the cell decreased. The higher resistivity may be responsible for decreasing the
quality of the cdl [17].
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Fig. 5. Relation of current - voltage characteristic of CulnSe,/CdTe solar cell duetothe
series resistancein dark condition.

Based on the Anderson [18] modd for the heterojunction, atheoretical energy-band diagram
for p-CulnSe,/n-CdTe heterojunction was constructed as shown in Fig. 6. The space charges
considered here are referred to as depletion regions in which the free carriers are swept out by the
dectric fidd. Sincethe work function of CdTe (4.40 eV) was less compared to that of CulnSe; (5.39
€V), the band bending at the junction will be as shown in Fig. 6. Also, the space charge layersin the
two semiconductors have widths denoted by W, and W, respectively. The shape of the band edges
relative to a constant energy line is determined by Poisson’s equation in all cases. The form of this
equation indicates that a positive charge distribution results in bands, which are bent upward, and
oppositely for a negative space charge distribution. Also, the rate of charge of the slope is directly
proportiond to the charge density. Thus, the space charge results in the diffusion potentials denoted
by V, and V. An additional source of chargeis that due to ionized interface states. Thisresultsin a
planer charge distribution, which for interfaces between poorly lattice matched materials can have
values comparabl e to the total charge per unit areais the depletion regions [19]. As such, it must be
considered in determining the shape of the bands. Qualitatively, the effect of the interface chargeis
similar to that of the space charge, only confined to a single plane. Instead of concavities there are
kinks in the bands at the interface due to the interface charge. The interface charge density may
depend on the location of the Fermi levels.
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Fig. 6. Energy band diagrams of CulnSe,/CdTe solar cell.
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CulnSe,/CdT e heterojunction was tested under illumination, without any attempt to optimize
the solar cell performances. The cell was equipped with a grid gold contact and the junction was
illuminated through the grid. Fig. 7 shows the J-V characteristics under illumination. The open-
circuit voltage (Voc) is 285 mV while the short circuit current density (Jsc) is 41 mAcm® The
photovoltaic response shows a poor fill factor (FF) of 0.46. Since the light power density was 100
mWcm?, we can estimate a solar efficiency of about 4.2%. It should be noted that the quoted 1
vaues refers to an engineering efficiency and that no corrections were made for reflected or
transmitted lights. However, these values are fairly good compared with previously reported values
for cdls incorporating semiconductor heterojunction devices [12]. Neverthdess, further
improvement of the cdls is necessary to meet the requirements for practica use. The main
limitations of the photovoltaic response gppear to be the low cell parameters (fill factor, open-circuit
voltage, short circuit current and efficiency). The important factor in lowering these parameters is
the presence of series resistance effects as we mentioned before. The series resistance of the n-
CulnSey/p-CdTe cdl as measured from J-V characteristics was in the range 19-28 kQ. These values
are mainly dueto the resistance of CulnSe, and CdTe substrates.
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Fig. 7. 1 =V characteristic of CulnSe2/CdTe solar cell in dark and illumination a room
temperature.

On the other hand, we can introduce the relation between Voc and J, as[12]:
Voc = [nKT / €] In(Jsc/J) ©)

From this equation, the primary lossin Voc is dueto the high value of J,. The high value of J, can be
attributed to the presence of interface states. Furthermore, the high values of J, will reduce the fill
factor. The interface states are due primarily to the lattice mismatch between the pair of
semiconductors (CulnSe,, CdTe), but they are strictly related aso to the substrate preparation
procedure and to the formation process [20, 21]. However, further investigations are necessary to
determi ne the influence of the preparati on parameters on the junction properties.

4. Conclusions

Heterojunction devices of CulnSe, onto p-CdTe substrate have been fabricated by stacking
demental layer (SEL) method. The junctions have been characterized using different measurements
in dark and illumination. The junctions exhibit rectifying characteristics showing a p-n diode-like
behaviour. The current — voltage measurements suggest that the forward current in these junctions
involves recombination mechanism. The series resistance and the activation energy of the charge
carriers have been obtained by analyzing the dark current — voltage characterizations. An energy
band diagram is proposed. The cell parameters under illumination were calculated. Further
improvements can be expected from an investigation of the influence of the preparation parameters
on the junction properties.
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