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Photosensitive n-TiO./p-CdTe heterojunctions were fabricated by DC reactive magnetron deposition of TiO,
thin films with n-type conductivity onto freshly cleaved p-CdTe single crystal substrates (110). Methods of formation
of ohmic contacts to n-TiO, and p-CdTe were proposed and their ohmic properties were tested.

The solar cell possesses the following photoelectrical parameters under 100 mwW/cm? illumination: the open-
circuit voltage V. = 0.69 V, the short-circuit current |, = 6 mA/cm? and fill factor FF = 0.42.
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I ntr oduction

Many different prospective materials and structures
for application in highly efficient solar cells have been
under intensive search and investigation for the lugt
decades. The application of heterojunctions in
photoelectric  convertors enhances their functiona
capabilities and operational characteristics comparing
with photoelectrical devices based on homojunctions
[1,2].

Solar cells based on hetergjuctions, generdly consist
of a wide-band semiconductor “window” and a solar
radiation “absorber”. It is worth noting that TiO, and
CdTe, due to their electrical, opticad and operational
properties, are well suited to be the “window” and
“absrober” materials, respectively [3 - 7]. The feasibility
of TiO,/CdTe hetergjuctions for photoelectrical
conversion is shown in a number of works [8, 9], where
the ETA-solar cells based on TiO,/CdTe heterojuctions
were investigated.

One of the main obstacles in production of the solar
cells based on p-CdTe is the problem of back contacts,
because there are no metal s that form an ohmic contact to
CdTe with p-type conductivity. The conventional back
contacts to p-CdTe, Cu/Au and Au, were found to create
areverse potentia barrier (< 0.3 eV) according to amain
separating potential barrier [10, 11].

This paper reports the results of an investigation into
the electrical and photoelectrical properties of a solar cell
based on a n-TiO,/p-CdTe heterojunction fabricated by
means of deposition of a TiO, thin film onto a freshly
cleaved p-CdTe single crystal substrate.
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The relatively simple methods of ohmic contacts
formation were proposed as well as their electric
properties were studied.

|. Experimental methods

1.1. The n-TiO,/p-CdTe heter ojuction fabrication

The CdTe single crystals with p-type conductivity
were grown by Bridgman method at low cadmium vapor
pressure (Pcg=0.02bar). The values of specific
electrical  conductance and  majority  carriers
concentration at 295K for these crystals were measured
to be ¢=891020hm"cm* and p=7.210"cm?
respectively.

The TiO, thin film was deposited onto the freshly
cleaved p-CdTe single crystal substrate (110) with
typical dimensions 54" 1 mm in an universa coating
system Laybold —Heraeus L560 by DC reactive
magnetron sputtering of a titanium target in atmosphere
of argon and oxygen mixture.

The titanium target, a cylinder 100 mm in diameter
and 5 mm thick, was mounted, on the magnetron table
under water cooling, 7 cm from the substrates.

The CdTe substrate was mounted over the
magnetron on a rotating substrate holder for providing
uniform thickness of the film. Before the deposition
process started, the vacuum chamber was pumped down
to aresidual pressure of 5-:10" mbar.

The mixing of pure argon and oxygen gasses in the
desirable ratio was carried out from two separate sources.

A short-term sputter-cleaning of the target and
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substrate by Ar ions was applied to diminate the surface
contaminants.

During the deposition process, the partial pressures
of argon and oxygen were equal to 7-10° and 210
mbar, respectively. The magnetron power was 350 W.
The substrate temperature was 300 °C. The deposition
process lasted for 20 minutes.

The TiO, thin film was aso simultaneousy
deposited onto glass ceramic substrates for determining
of eectrical parameters of the thin film. The obtained
TiO, thin film possessed n-type of conductivity. The
measured values of specific electrical conductance and
majority carriers concentration at 295 K for the TiO, thin
film were ¢=7.10hm%cm? and n=4.810%cm?
respectively.

1.2 The ohmic contacts fabrication

The frontal eectric contact to the solar cel (TiO;
thin film) was fabricated by thermal evaporation of
indium at the substrate temperature of 100 °C.

Before the back eectrical contact was made, the
back surface of the solar cell (p - CdTe) was exposed by
a monopulse of a powerful ruby laser with the
wavelength A = 0.694 um and pulse duration T=1.2 ms
in order to create a p'-layer due to additionally generated
cadmium vacancies on the back surface. The Au and Cu
layers were successively deposited onto the |aser-treated
back surface by means of reduction from agueous
solutions of gold chloride and copper vitrial,
respectively.

In order to study the €eectric properties of the
contacts, a symmetrical  structure  Cu-Au/p’/p-
CdTe/p'/Au-Cu and a TiO, thin film with three
concentric indium contacts were fabricated. The method
of impedance spectroscopy [12] and the three probe
method [2] were applied.

The electrophysical parameters of the components of
the solar cell were measured by means of the
conventional two probe method in the direct current
mode.

The current-voltage (1-V) characterigtics of the solar
cell and frequency dependence of the impedance Z(v) of
the symmetrical sructure Cu-Au/p'/p-CdTe/p*/Au-Cu
were measured by a SOLARTRON Sl 1286, Sl 1255
complex. Thel-V characteristic of the thermal evaporated
indium contact to the TiO, thin film (In/TiO, contact)
was measured by employing the three probe method [2].

The spectral quantum efficiency QE(1) of the solar
cell was measured by a conventional spectrophotometer
within the range of wave ength from 350 to 900 nm.

Il. Resultsand their discussion

The straight and symmetrical 1-V characterigtic of the
IN/TiO, contact as well as its relatively small specific
resistance (p = 4.5:10 Ohm-cm?) provide evidence that
the thermally evaporated indium contact to the TiO, thin
filmisahighly quality ohmic contact (fig. 1).

The frequency dependence of the |-V phase shifting
6(v) and that of the absolute value of impedance |Z(v)| of
the symmetrical sructure Cu-Au/p'/p-CdTe/p*/Au-Cu
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Fig. 1. The |-V characterigtic of the In/TiO;
contact.
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Fig. 2. The frequency dependence of the I-V
phase shifting 4(v).
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Fig. 3. The frequency dependence of the absolute
value of impedance |Z(v)| of the Cu-Aulp‘/p-
CdTe/p*/Au-Cu Structure.

with type dimensions 5" 4" 1 mm are shown on fig. 2 and
fig. 3, respectively. Within the range of low frequencies
(v < 10* Hz) the absolute value of impedance (JZ(v)|) and
the 1-V phase shifting (6(v)) become frequency
independent, |Z] =240 Ohm and 6 =0, respectively. In
this case one can neglect with the reactive component of
the impedance and consider its absolute value egua to
the serial resistance of the symmetric structure. Since the
p'-layer with enhanced concentration of the majority
carriers is created on the back surface one may assume
that the depletion region at the interface Cu-Au/p’-CdTe
is tunnel-thin and provides good electric properties of
this contact.

Fig. 4 shows dark and light 1-V curves of the solar
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Fig. 5. The spectral quantum efficiency of the solar
cell.

cel. The sarid resistance value Rs;=8200hm was
evaluated from the dope of the linear segment of the
straight branch of the dark 1-V curve. The determined
value of the serial resistance far exceeds the resistance of
the base region of the solar cell (p-CdTe substrate) as
measured by the impedance spectroscopy method
(240 Ohm). This indicates that a trandtion layer with
high resistance is formed at the n-TiO,/p-CdTe interface.
This can be explained by the p-CdTe substrate diffusion
of Ti atoms during the TiO, thin film deposition.

It is known that the elements with the unfilled 3d-
shell, including Ti, dissolve in the Cd sublattice and
create deep energy levelsin CdTe[13 - 16]. According to
the work [16] injection of Ti atoms into the CdTe lattice

results in obtaining of high-resistance material, with
electric conductance induced by ionization of the deep
energy level E-(0.73+0.03) eV, which can not be
attributed to isolated Ti ions. Thereby the cadmium
vacancies passivation by Ti atoms as wel as the
generated deep energy levels can result in appearance of
the above-mentioned high-resistance layer at the
TiO,/CdTe interface.

The light I-V curve of the solar cell shows that it
produces the open-circuit voltage V. = 0.69V and the
short-circuit current I, = 6 mA/cm? under illumination of
100 mW/cm?. It should be noted that the obtained value
of thefill factor FF = 0.42 istwice as large as that of the
ETA solar cells based on the TiO,/CdTe heterojunction
declared in [8, 9]. This can be caused by lesser surface-
state density at the dense TiO, thin film/cleaved CdTe
single crystal substrate interface comparing with that at
the structured TiO, film/electrodeposited CdTe thin film
interface.

The spectral quantum efficiency QE(4) of the solar
cell investigated in this paper was measured as the ratio
of the short-circuit current to the number of the incident
photons and is shown in fig. 5. An interesting feature of
this spectral quantum efficiency is a good matching with
the solar radiation spectrum under AM1.5[17].

Conclusions

The solar cell based on the anisotype heterojunction
N-TiO,/p-CdTe was fabricated by deposition of the TiO,
thin films onto the freshly cleaved p-CdTe single crystal
substrate using the DC reactive magnetron sputtering
technique.

Methods for the formation of the front and back
contacts were proposed, the contacts were fabricated and
their electrical properties were investigated.

The solar cell possesses open-circuit voltage
Voe = 0.69V, short-circuit current 6 mA/em? and fill
factor FF = 0.42 under 100 mW/cm? illumination.

Reasons for the relatively large value of the serial
resistance were discussed.

The good match between the spectra quantum
efficiency of the solar cell and the solar radiation
spectrum under AM 1.5 was noticed.
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Burorosieni ¢orouyrusi rereponepexomu N-TiO /p-CdTe nuisxoM HaHECEHHS METOIOM pEaKTUBHOIO
MAarHeTpOHHOr0 PO3IMJICHHS NPU NOCTiIHHIH Hampy3i TOHKUX IUTiBOK TiO, N-THIy NPOBIJHOCTI Ha CBIXKO CKOJNOTI
MoHOKpHcTaniyHi miaktagku pP-CdTe (110). 3anporoHoBaHo MeToxu (OPMYBaHHS OMIYHUX KOHTAKTiB 110 N - TiO, Ta
p - CdTe, a Takox IOCIIDKEHO iXHi €IeKTPHYHI BIaCTHBOCTI.

Consiunnii enement mpu ocBitiensi 100 MBr/cm? Bonozie HacTymHMME (DOTOCTEKTPHUHMME TTAPAMETPAMH
HATIpyra XonocToro xoxy Ve = 0,69 B, crpym KopoTkoro 3amukanus ls = 6 MA/cM? i Koe(illiecHTOM 3aIlOBHEHHs
FF =0,42.

Ki11040Bi cJ1oBa: COHAYHUI elleMeHT, ToHKa IiiBka, 110,, CdTe.
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