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It is well known that preparing temperatures and defects are highly related to deep-level impurities.

In our

studies, the CdTe polycrystalline films have been prepared at various temperatures by close spaced sublimation (CSS).

The different preparing temperature effects on CdS/CdTe solar cells and deep-level impurities have been investigated by

I-V and C-V measurements and deep level transient spectroscopy (DLTS). By comparison, less dark saturated current

density, higher carrier concentration, and better photovoltaic performance are demonstrated in a 580°C sample. Also

there is less deep-level impurity recombination, because the lower hole trap concentration is present in this sample. In
addition, three deep levels, Ey + 0.341 eV(H4), Ey + 0.226 eV(H5) and Ec — 0.147 eV(E3), are found in the 580°C
sample, and the possible source of deep levels is analysed and discussed.

Keywords: CdTe, electrical properties, deep level transient spectroscopy

PACS: 71.55.-1, 72.80.Ey, 73.61.-t
1. Introduction

The studies of CdTe thin-film solar cells are the
highlights in the photovoltaic industry.[':? The main
focus of CdTe thin-film solar cells is efficiency eleva-
tion. In 1972, Bonnet and Rabenhorst ¥/ reported
that the efficiency of CdS/CdTe thin-film solar cells
had achieved 6%. Later, it reached 15.8% in 1993,
16% in 1998 and 16.5%° in 2001.

time 13.38% was reached by our research group. A

In the same

good many factors restrict the improvement on the
efficiency of CdTe thin-film solar cell,[’=9 such as the
fabrication technology and the quality of films. Be-
cause of uneven film thickness and difficulties in con-
trollable doping CdTe layer, the recombination can
take place on CdS/CdTe junction interface and CdTe
layer, which probably turns into deep levels. Deep
levels could decrease efficiency by capturing photo-
induced carriers, and mess band structure.*-11] Based
on previous research,!'?l we study the behaviours of
deep levels and their effect on device performance in
order to understand the change in device performance,
which would guide technological improvement, and
enhance the efficiency and the stabilization of CdTe
thin-film solar cells.
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2. Experimental details

The samples were prepared in our laboratory.
CdS thin films were deposited on the SnOy:F/glass by
chemical bath deposition (CBD),!*3] CdTe thin films
were deposited by close space sublimation (CSS), and
CdCl; was sprayed by ultrasonic spraying. Then, the
samples were annealed at 400°C in air atmosphere for
one hour. The back-contact layer was of CusTe. The
samples were compartmentalized into single cells each
with an area of 0.125 cm?, and the electrode of cells
was of Au. The characteristic curves of dark -V and
C-V were measured by the 4284 semiconductor test-
ing instrument (Agilent, USA). Deep level transient
spectroscopy was obtained by the DLS-83D system
(SemiLab, Hungary).

3. Results and discussion

3.1. Measurements of film thickness and
solar cell performance

The parameters of light -V measurements were
studied. It is obviously observed that the thickness of
film increases with preparing temperature. The tem-
perature has a less influence on open circuit voltage,
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but a strong influence on short circuit current and fill

factor.

3.2. Electronic properties

The dark -V curves at different temperatures are
shown in Fig. 1, and the C—V measurement is shown
in Fig. 2.

A comparison shows that the sample deposited
at 580°C has well back-contact and no reverse back
junctions. Especially, the restriction on the charac-
teristic of this sample is better than those of the other
samples. According to the dark -V and the C-V
curves, dark saturated current density Jy, diode fac-
tor r, carrier concentration Ny were calculated. As a
conclusion, the sample deposited at 580°C has a maxi-
mal carrier concentration, a minimum dark saturation

current density, and a best photoelectric performance.
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Fig. 1. Dark I-V curves of samples.
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Fig. 2. Dark C-V curves of samples.

3.3. Measurements of DLTS

3.3.1. DLTS of samples prepared at different
temperatures

The temperature scanning spectra of samples de-
posited at different temperatures are shown in Fig. 3.
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Fig. 3. Temperature scanning spectra of samples by DLTS.

Samples were analysed at a reverse bias of —0.4 'V,
with a pulse amplitude of 0.6 V, pulse width of 16 us
and pulse frequency of 2500 Hz. Several trap levels
were found in a temperature range of 130-320 K. The
location and the concentration of deep levels are listed
in Table 1.

Table 1. Data of DLTS for samples at different tem-

peratures.
Er/eV Nt/cm™3
H; Ev +0.328 1.08 x 1012
By Ec —0.271 9.8 x 1011
H» Ev +0.358 1.17 x 1012
Es Ec —0.255 1.19 x 1012
Hj Eyv +0.491 1.47 x 1012

The DLTS profiles at different temperatures are
shown in Fig. 3. It is evident that the peaks of spectra
(Hy, Ho, Eq, Ey, Hs) are attributed to deep levels at
three preparation temperatures. Deep levels H; and
FE; are observed in the sample deposited at 580°C, Ho
and F» are observed in the sample deposited at 590°C,
and Hj3 is observed in the 600°C sample. The results
on analysis and calculation of deep levels show that
the deep levels Hy, Hy and Hs are in the same hole
trap centre near 275 K, while levels F; and FEs are in
the same electron trap centre. The carriers surfer the
weak combination effect because of lowest deep cen-
tre concentration in the sample deposited at 580°C. It
indicates that the 580°C sample has a higher carrier
concentration, which is consistent with the results in
Figs. 1 and 2.

3.3.2. DLTS measurement and analysis of 580°
sample

The isothermal deep level transient spectroscopy
(IDLTS) was tested on the sample deposited at 580°C
with CusTe back contact layer. The IDLTS were per-
formed at temperatures of 199 K, 207 K and 215 K,
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with a reverse bias of —2.4 V, positive pulse bias of
—0.3 V to make sure no free electrons exist in the
depletion region on cells. The width of plus bias is
20 ps for electron relaxation. The range of scanning
frequency was 1.066 Hz—2500 Hz. The IDLTS were
performed at temperatures of 199 K, 207 K and 215 K,
with a reverse bias of —1.8 V, positive pulse bias of
—0.3 V and pulse width of 20 us. Three curves for the
cases of 500 Hz, 1500 Hz and 2500 Hz were obtained
by heating mode with a rate of 0.2 K/s. The range
of scanning temperature was 80 K-320 K. Due to the
unstable output signal obtained at low temperature,
the temperature range was set in 140 K-320 K.

The curves measured at high frequency are
smoother than those at low frequency, especially at
low temperature, and the curves present the high sig-
nal intensities at high frequency. The curve of 2500 Hz
shows that hole traps H4 and Hj are near 220 K and
280 K, respectively. Ej3 is the trap level near 175 K,
which is an electron deep centre. Hy and Hs could be
identified from the curve for the case of 1500 Hz, while
H, could be identified from the curve for the case of
500 Hz. Because of the depths of H4, Hs, E3 were
decreased gradually, the transient response of super-
ficial deep trap levels (0.1-0.3 e€V) was weak at low
temperature. The signal responses of deep trap lev-
els are imperfect with lots of noises. The properties
of CdTe film determine the deep level doping because
DLTS signals come from the side of p-type CdTe. The
effects of preparing temperature and its uniformity on
the property of CdTe film should be investigated fur-
thermore. The Arrhenius plots of sample deposited at
580°C (with CuyTe back contact) are shown in Fig. 4.

Through the analysis of our data and their com-
parison with the data from other literature, H; may
be considered as (Vg Cut)”, (2Cucq™ Vo)
= Vi T.1415] The
deep level at Eyv + 0.226 eV is close to Lourenco’s

or the complex related to Vg2

investigation, '8 though its source is not determined.
Hj is determined with deep levels of Ey+(0.1-0.2 eV),
which is attributed to a complex combined with halo-
gen atoms and other impurities, or related to ion-
izable cadmium vacancy. An electron trap level at
Ec — 0.140 eV was discovered by Komin during the

study of solar cells without back contact layer, and

E;3 (Ec—0.147 V) is supposed to be from the same
source. It possibly was (VCdz_fClTe"') in DX, state.
Deep level impurities were introduced in process links,
such as depositing CdTe films; dealing with CdCls;
annealing and etching treatment, preparation of back
contact layer. The study of doping will be carried out
by DLTS in future.
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Fig. 4. Arrhenius plots curve of sample deposited at
580°C (with CuaTe back contact).

4. Conclusions

CdTe polycrystalline films are deposited at differ-
ent temperatures. The difference in temperature gives
rise to effect on I, and FF, but no effect on V.. On
the basis of measurements of dark I-V and C-V, the
sample deposited at 580°C has a maximal carrier con-
centration, aminimum dark saturation current den-
sity and a best photoelectric performance. According
to the SRH theory and the measurements of DLTS,
the doping conditions of samples are almost the same.
Not only under the temperature scan model, but also
under the frequency scan model, were the deep-level
impurities consistent at each scanning spot. But the
580°C sample has the weaker recombination of deep-
level impurities because of lower trap concentration.
Higher concentration of carriers is demonstrated. This
is in line with previous I-V and C-V measurements.
Based on the frequency scanning spectra and temper-
ature scanning deep level transient spectra, the Arrhe-
nius curve of 580°C sample (with CupTe back contact)
is obtained. The deep level location, the concentration
of deep level impurity and the capture cross section are
calculated. The sources of the three deep-level impu-
rities are analysed and discussed as a basis for further
study.
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