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Abstract

Substrate-type CdTe thin-film solar cells with a Ag/
ZnO:Al/ CdS/ CdTe/ carbon structure were fabricated.
For promoting the formation of the CdSTe., mixed
crystal layer in the CdS/CdTe interface, the heat treat-
ment of the CdS/CdTe:Cu structure was performed. The
cell performance was dightly improved due to the heat
treatment after the CdS deposition, but conversion effi-
ciency remained low (lessthan 2%). In order to improve
cell performance, Cu doping was performed after the
heat treatment (second Cu doping), in addition to the Cu
doping before CdS deposition (first Cu doping). Conver -
sion efficiency increased with increasing Cu concentra-
tion in the second Cu doping, and approximately 10%
efficiency was achieved.

1. Introduction

CdTe solar cells are conventionally fabricated in a su-
perstrate configuration. On the other hand, the research on
substrate-type CdTe solar cells has been limited [1]. The
substrate-type CdTe solar cells offer the possibility of
choosing a variety of substrate materials, but the conversion
efficiencies of the substrate-type CdTe solar cells are lower
than those in the superstrate configuration [1].

In the conventional superstrate configuration, a
CdSTey, mixed crystal layer is formed in the CdS/CdTe
interface due to the intermixing of CdS and CdTe. The for-
mation of CdS,Te,., mixed crystal layer is very important
for reducing the interface states at the CdS/CdTe interface.
However, it is difficult to form the CdSTe;., mixed crystal
layer in substrate configuration, because the deposition
temperature of CdS layer islower than that of CdTe layer.

Furthermore, Cu doping of the CdTe layer is very im-
portant in the conventional superstrate configuration for
increasing acceptor concentration. It was reported that the
cell performance was markedly improved by the Cu doping.

In thiswork, we attempted to fabricate the substrate-type
CdTe solar cells by close-spaced sublimation (CSS) method.
For promoting the formation of the CdS,Te,., mixed crystal
layer, the heat treatment of the CdS/CdTe:Cu structure was
performed. Furthermore, in addition to the Cu doping before
CdS deposition (first Cu doping), we attempted the Cu dop-
ing of the CdTe layer after the heat treatment of the
CdS/CdTe:Cu structure (second Cu doping).

2. Experimental Procedure
Polycrystalline substrate-type CdTe thin-film solar cells

with a Ag / ZnO:Al / CdS / CdTe / carbon structure were
fabricated. The carbon substrates were used as back contacts
for p-CdTe layer. The CdTe films were deposited by the
CSS method at 595°C. The thickness of the CdTe films was
approximately 10 um.

CdCl, treatment was performed (first CdCl, treatment)
for improving solar cell performance. The CdTe films were
coated with 0.3 M CdCl, aqueous solution and then an-
nealed at 415°C for 15 min.

After the first CdCl, treatment, Cu doping of the CdTe
layer was performed (first Cu doping). The CdTe layer was
coated with Cu-doped diethylene glycol monobutyl ether
(DEGBE) and then heat-treated to induce Cu diffusion to the
CdTe layer. The heat treatment for Cu diffusion was per-
formed at 325°C for 15 min. The Cu concentration in
DEGBE was 50 ppm.

Following the first Cu doping, the CdS layer was depos-
ited on the CdTe layer by chemical vapor deposition (CVD)
at 420°C. We used cadmium diethyldithiocarbamate as a
source material of CdS. The thickness of the CdS layers was
approximately 80 nm.

The heat treatment of the CdS/CdTe:Cu structure was
performed for promoting the formation of the CdS,Tey
mixed crystal layer. First, a face-to-face annealing was per-
formed at 600°C for 60 min. In the face-to-face annealing
method, the surface of the CdS/CdTe film was covered with
that of another CdS/CdTe film for avoiding the
re-evaporation of the CdS and/or the CdTe. After that,
CdCl, treatment was performed (second CdCl, treatment) by
the same method as the first CdCl, treatment.

Next, we performed the Cu doping of the CdTe layer
(second Cu doping) by the same method as the first Cu
doping. The Cu concentration in DEGBE was varied in the
range of 200 to 1600 ppm.

ZnO:Al was prepared by rf-sputtering. The thickness of
ZnO:Al layer was approximately 300 nm. Finaly, a Ag
electrode was prepared by screen printing. The area of the
CdTe solar cells was approximately 0.6 cm?.

3. Resultsand Discussion

First of al, we fabricated the substrate-type CdTe solar
cells without the heat treatment after the CdS deposition,
and without the second Cu doping, but low conversion effi-
ciency less than 1% was obtained. Next, we fabricated the
substrate-type CdTe solar cells with the heat treatment after
the CdS deposition and without the second Cu doping. We
confirmed the formation of the CdS,Te,., mixed crystal lay-
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er due to the heat treatment by means of junction photolu-
minescence (PL) measurements. The heat treatment slightly
improved cell performance, but conversion efficiency re-
mained low (less than 2%). C-V measurements revealed that
the heat treatment after the CdS deposition caused the de-
crease in the acceptor concentration in CdTe layer probably
because of the re-diffusion of Cu atoms and/or the pas-
sivation of Cu acceptors.

For improving cell performance, we attempted the Cu
doping after the heat treatment of the CdS/ CdTe:Cu struc-
ture (second Cu doping) in addition to the Cu doping before
CdS deposition (first Cu doping). Figure 1 shows the cell
parameters of the substrate-type CdTe solar cells as a func-
tion of the Cu concentration in DEGBE in the second Cu
doping. The cell parameters of (a) the cells without
the heat treatment after CdS deposition and without
the second Cu doping, and (b) the cells with the heat
treatment and without the second Cu doping were
also shown for comparison. It was found that the second
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Fig. 1 Cell parameters of the substrate-type CdTe solar cells as a
function of the Cu concentration in DEGBE in the second Cu dop-
ing. The cell parameters of (a) the cells without the heat treatment
after CdS deposition and without the second Cu doping, and (b) the
cells with heat treatment and without the second Cu doping were
aso shown for comparison.

Cu doping caused the improvement of Jg, Vo, and fill factor
at the Cu concentrations below 1400 ppm. The performance
improvement was probably due to the increase in acceptor
concentration in the CdTe layer by the second Cu doping.
However, the decrease in the efficiency was observed at
1600 ppm owing to the decrease in V. and fill factor, prob-
ably because of the excess Cu doping. We achieved 9.9%
efficiency (J: 22.6 mA/cm?, Voe: 0.704 V, FF: 0.619) at the
Cu concentration of 1400 ppm.

In order to evaluate acceptor concentration in
CdTe layer, we measured depletion layer width at
zero bias by capacitance measurements. Figure 2
shows dependence of depletion layer width at zero
bias on the Cu concentration in DEGBE in the sec-
ond Cu doping. Depletion layer widths of (a) the cells
without the heat treatment after CdS deposition and
without the second Cu doping, and (b) the cells with
the heat treatment and without the second Cu dop-
ing were also shown for comparison. The depletion
layer widths in the case of (b) is much larger than
that of (a). On the other hand, the second Cu doping
caused decrease in the depletion layer width. These
results indicate that acceptor concentration de-
creased due to the heat treatment after CdS deposi-
tion, and increased due to the second Cu doping. C-V
measurements revealed that the acceptor concentration in-
creased with increasing the Cu concentration in
DEGBE in the second Cu doping. Therefore, we con-
cluded that the cell performance improved due to the
increase in acceptor concentration by the second Cu
doping.
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Fig. 2 Dependence of depletion layer width at zero bias on the Cu
concentration in DEGBE in the second Cu doping. Depletion layer
widths of (a) the cells without the heat treatment after CdS deposi-
tion and without the second Cu doping, and (b) the cells with the
heat treatment and without the second Cu doping were also shown
for comparison.
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