Solar Energy 173 (2018) 1181-1188

journal homepage: www.elsevier.com/locate/solener

Contents lists available at ScienceDirect

Solar Energy

CdS barrier to minimize Zn loss during CdCl, treatment of Cd-Zn-Te

absorbers

Check for
updates

Tushar M. Shimpi™*, Drew E. Swanson®, Jennifer Drayton”, Ali Abbas®, John M. Walls®,

Kurt L. Barth”, Walajabad S. Sampath®

@ Department of Mechanical Engineering, Colorado State University, Fort Collins, CO 80523, USA

bPhysics Department, Colorado State University, Fort Collins, CO 80523, USA

€ Center for Renewable Energy Systems Technology, Wolfson School of Mechanical, Electrical and Manufacturing Engineering, Loughborough University, Leicestershire

LE11 3TU, UK

ARTICLE INFO ABSTRACT

Keywords:

High band gap II-VI solar cells

Tandem solar cells

Cadmium chloride treatment on Cd-Zn-Te and
Co-sublimation of Cd-Zn-Te

CdTe alloys

Top cell in multi-junction solar cell

A major challenge in the fabrication of high band gap II-VI polycrystalline solar cells is to preserve the original
composition of the absorber after the CdCl, activation treatment. In this study, a method is demonstrated to
maintain the Cd-Zn-Te alloy absorber composition during its exposure to the CdCl, treatment. A thin film of CdS
was applied as a barrier on the back surface of the high band gap polycrystalline Cdg —xZnsTe (x = 20% by
atomic ratio, corresponding band gap 1.72 eV) before the CdCl, treatment. Using transmission electron micro-
scopy and energy dispersive spectroscopy, it was observed that the composition of Cd-Zn-Te was maintained

after the CdCl, treatment. The devices fabricated after removing the thin film of CdS, exhibited diode-like
behavior. A significant increase in the quantum efficiency near the short wavelength region was observed, and
the band gap of Cd(; —y)Zn,Te was maintained.

1. Introduction

CdCl, treatment is an essential step during the fabrication process of
solar cells fabricated with CdTe-based materials and alloys. It is known
that the CdCl, treatment of CdTe improves the device performance
(Morales-Acevedo, 2006; Wu, 2004), enhances grain growth (Abbas
et al., 2013; Kim and Sohn, 2016; McCandless et al., 1997; Munshi
et al., 2016), decorates the grain boundaries of the CdTe grains with
chlorine (Li et al., 2014) and removes stacking faults from the CdTe
absorber layer (Abbas et al., 2013). In the CdCl, treated devices with
CdS as a window layer adjacent to the front contact, the chlorine was
also visible in the grain boundaries of the CdS film and at the interface
between the CdS and the CdTe (Abbas et al., 2013). Recently, an effi-
ciency of over 21% has been reported for CdTe with a modified band
gap by First Solar, Inc. (Best Research-Cell Efficiencies Chart, 2017) and
device efficiencies may be further improved by stacking individual
junctions in sequence of decreasing band gap to minimize thermaliza-
tion losses (Brown and Wu, 2009).

Studies on tandem devices using CdTe and ternary alloys of CdTe for
the top cell coupled with silicon or copper-indium-gallium-diselenide as
bottom cells indicate that improvements in the efficiency (Coutts et al.,
2003) and power generation costs are obtainable (Tamboli et al., 2017;
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Sofia et al., 2017). For two-junction solar cells, numerical calculations
indicate a band gap of 1.72 eV is optimal for the top cell (Bremner et al.,
2008) connected in series. The band gap of the ternary alloys of CdTe
can be tuned by controlling the quantity of element X (Zn, Mg or Mn) in
a Cdg —x Xx Te alloy (Martinez et al., 2015; Kobyakov et al., 2014;
Dhere et al., 2003; Lee et al., 2004).

Devices fabricated from an as-deposited CdTe alloy on a selective
window layer, such as a thin film of CdS, without any CdCl, treatment
display poor device performance (Martinez et al., 2015; Lee et al., 2004;
Shimpi et al., 2016). Researchers have used the CdCl, activation
treatment on CdTe alloys and the studies report limited success in re-
taining the original composition of the CdTe alloy (Martinez et al.,
2015; Mccandless et al., 2006; Lee et al., 2005; Reich et al., 2016). A
major hurdle in the fabrication of high band gap solar cells using CdTe
alloys has been reducing the loss of the alloying elements from the
ternary compound during the CdCl, treatment. This loss is due to for-
mation of volatile chloride compounds such as ZnCl,, MgCl, and MnCl,
(Lee et al., 2004; Shimpi et al., 2016; Dhere et al., 2003; McCandless
et al., 2006) which then vaporize. Even though the performance of the
device is generally improved after the CdCl, treatment, the residual film
often has a lower band gap than the as-deposited film. This is seen
through the shift in the band edge due to loss of one of the elements

Received 19 June 2018; Received in revised form 14 August 2018; Accepted 21 August 2018

Available online 29 August 2018
0038-092X/ © 2018 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/0038092X
https://www.elsevier.com/locate/solener
https://doi.org/10.1016/j.solener.2018.08.060
https://doi.org/10.1016/j.solener.2018.08.060
mailto:mechanical.tushar@gmail.com
https://doi.org/10.1016/j.solener.2018.08.060
http://crossmark.crossref.org/dialog/?doi=10.1016/j.solener.2018.08.060&domain=pdf

T.M. Shimpi et al.

Solar Energy 173 (2018) 1181-1188

&
& & &
& & v
Tec 10 glagg Y Tec 10 glagg Y Tec 10 glagg K v
substrate QQ&“ SUbstrate & Substrate b§°
N N
SnO,:F (TCO) & SnO,:F (TCO) 7 SnO,:F (TCO) \QQéQ
Q2Zny,0 QxnZny,0 $0.237n0 7,0
As-dep()s"’ed QQ@ ml‘hout CdS cap QQ§ Wi”l Cds cap QQQQ‘&
N S N
i?o-wzno_oneo . ((i?“wzno.oneo . ((2?03.02“0. 20T€ 5
Omic Percentage) Omic Percentage) Omic Percentage)
~1.72 ey NN AL ab sy

Copper
pper doplng

Ilurium (~20 nm) +

CdS cap

Back contact

Fig. 1. Schematic of different Cd-Zn-Te device structures used during the CdCl, treatment.

(Zn, Mg and Mn) towards longer wavelength, and here the reduced
band gap of the CdTe alloy is not optimized for a top cell.

In this study, the Cd(; —xyZn,Te (Cd-Zn-Te) alloy with a band gap of
1.72 + 0.02 eV was selected as an absorber for the high band gap solar
cell. To maintain the composition of the absorber layer, a thin film of
CdS referred to as a “CdS cap” was deposited on the Cd-Zn-Te film, and
then a CdCl, treatment was carried out. Material characterization was
performed with the CdS cap on the Cd-Zn-Te, and the solar cell was
completed after etch removal of the CdS cap.

2. Experimental

The Cd-Zn-Te device structures used in the experiment are shown in
Fig. 1.

Tec 10 glass substrates (NSG-Pilkington, Inc.) coated with a
fluorine-doped tin-oxide transparent conducting oxide (TCO) on one
side were ultrasonically cleaned prior to the deposition process. A thin
buffer film of Mgg 23Zng 77,0 (Mg-Zn-O) was sputter-deposited at room
temperature using radio-frequency power from a single-alloy target
onto the TCO (Kephart et al.,, 2016). The radio-frequency forward
power used during sputtering was 1.70 W/cm? and the measured
thickness of Mg-Zn-O was 100 nm.

The Cd-Zn-Te was deposited by co-sublimation (Kobyakov et al.,
2014) of CdTe and elemental Zn. The co-sublimation hardware enables
the flux of each material to be independently controlled. The band gap
and thickness of the Cd-Zn-Te was calibrated by adjusting the source
temperatures of CdTe and Zn to vary the alloy composition. The Cd-Zn-
Te absorber layer was ~ 1 um thick with a band gap of 1.72 + 0.02eV.
Based on the database from the international center for diffraction data
on X- ray diffraction, the approximate composition of the Cd-Zn-Te was
estimated to be 20% by atomic ratio (Soliman et al., 1996). In a sepa-
rate study, CdS deposition parameters were determined. After a vacuum
break, the substrate with structure Mg-Zn-O/Cd-Zn-Te was reheated to
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480 °C before the CdS film deposition in separate chamber. Initially,
CdsS films with different thicknesses were deposited on TeclO glass
samples, while the CdS source temperature, the Tecl0 glass sample
temperature and the process conditions were kept constant. Only the
deposition time was varied. A non-uniform coverage was observed on
the TeclO glass with CdS film thickness less than 20 nm. The film
thickness uniformity improved as the thickness increased. Considering
that the thicker CdS cap on the CdZnTe would take longer to etch the
CdS from CdZnTe, a film thickness of 30 nm for the CdS as a cap was
deposited via sublimation on the back of the Cd-Zn-Te without breaking
the vacuum (Swanson et al., 2016).

The CdCl, treatment was performed after the CdS cap deposition
without breaking vacuum. The substrate temperature of the Mg-Zn-O/
Cd-Zn-Te/CdS entering the CdCl, station was 400 °C. The CdCl, station
consisted of a graphite crucible loaded with CdCl, beads and a graphite
block above it. The substrate was inserted in between the graphite
crucible and the graphite block. The graphite crucible and the graphite
block were pre-heated separately and maintained at 437 °C and 386 °C
(Swanson et al., 2016). The substrate was exposed to the CdCl, for 20 s
(Kephart et al., 2016). After the CdCl, treatment, the substrate was
transferred to an anneal station and maintained at 400 °C for 120 s. The
substrate was then cooled to room temperature before rinsing the ex-
cess CdCl, from the back surface using deionized water. The substrate
was then dried using nitrogen. The plain Tec10 glass used as a witness
coupon placed along with the substrate had 30 nm of CdS. The CdS on
the back of Cd-Zn-Te was etched using 50% concentrated HCl acid
solution and rinsed twice with deionized water to remove the residual
HCL. The substrate then underwent a standard copper doping process
(Swanson et al., 2016) followed by the deposition of a 20 nm thick Te
layer evaporated on the back.

For the back electrode, films of carbon and nickel in acrylic binders
were applied using a spray technique. Small area devices were deli-
neated by abrasive blasting and an indium ring was soldered to the TCO
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to form the front contact (Swanson et al., 2016). To understand the
effectiveness of using a CdS cap acting as a barrier during the CdCl,
treatment, two control samples were fabricated with the same deposi-
tion process. On one control sample, the CdCl, treatment was carried
out on samples processed similarly but without a CdS cap. On the other
control sample, devices were fabricated with as-deposited Cd-Zn-Te (no
CdCl, treatment). The copper doping process, application of back
electrode and small area delineation processes were the same for both
control samples.

The band gap of the Cd-Zn-Te film was determined by using Tauc
plots based on the optical transmission measurements. For transmis-
sion, the wavelength was scanned from 350 nm to 900 nm with a dual-
beam spectrometer from Ocean Optics Inc. The device performance was
evaluated by current density vs voltage (J-V) plots and external
quantum efficiency (EQE) measurements. The J-V testing was carried
out under AM 1.5 illumination in a Solar Light Co. solar simulator at
room temperature. For EQE, the wavelength was swept from 350 nm to
900 nm under zero bias conditions. For material composition analysis, a
device cross section with the CdS cap was prepared for transmission
electron microscopy and EDS elemental mapping to investigate the
residual composition of the alloy after the CdCl, treatment. The cross
section was fabricated by using an in-situ lift off process on a FEI Nova
600 Nanolab dual beam system and was mounted on to a copper grid.
For viewing the specimen, a FEI Tecnai F20 Transmission Electron
Microscope (TEM) equipped with an Oxford Instruments EDX detector
was used. Line scans for composition profiling were performed and
analyzed using AZtec software. The Glancing Angle X-Ray Diffraction
(GAXRD) was performed using a Bruker D8 system. The X-rays were
generated using a copper source with Kypna1 radiation of 1.54046 A.
The diffraction patterns were fitted with Split-Pearson7 function to
determine the peak locations, which were then compared to the stan-
dard cards from the database provided by International Center for
Diffraction Data (ICDD).

3. Results and discussions
3.1. Optical transmission

Transmission measurements were taken at different stages of the
fabrication process (Fig. 2). The band gap of the as-deposited Cd-Zn-Te
calculated from a Tauc plot was 1.72 = 0.02eV. After the CdCl,
treatment on Cd-Zn-Te without the CdS cap, the band gap shift towards
the longer wavelength region was observed. The shift in the band gap
occurred due to the loss of zinc in the form of ZnCl, during the CdCl,
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Fig. 2. Transmission measurements on Cd-Zn-Te samples at different stages of
fabrication.
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Fig. 3. Bright field TEM image of the cross-section of the specimen prepared
before etching thin film of CdS cap.

treatment (Dhere et al., 2003; Shimpi et al., 2016; Mccandless et al.,
2006; Lee et al., 2004). The CdS band gap calculated during the cali-
bration process was 2.4 eV. When CdS was deposited on the Cd-Zn-Te,
no shift in its band edge was observed. After the CdCl, treatment and
removal of the CdS by HCI solution, the band gap of the Cd-Zn-Te ab-
sorber was measured at 1.70 eV. This minor reduction was taken as a
good indication that there was little or no formation of CdTe in the Cd-
Zn-Te film and that the majority of the zinc was retained in the Cd-Zn-
Te after the CdCl, treatment.

3.2. Transmission electron microscopy

A cross sectional bright field TEM image of the device prepared from
the Mg-Zn-O/Cd-Zn-Te/CdS cap structure following treatment with
CdCl, is shown in Fig. 3. The arrows in Fig. 3 indicate position of the
CdS cap on Cd-Zn-Te. The coverage of the CdS film on the Cd-Zn-Te
appears to be conformal and uniform. The Cd-Zn-Te film was poly-
crystalline and void free after the CdCl, treatment. The as-deposited Cd-
Zn-Te grains from the co-sublimation process are columnar (Swanson
et al., 2018). After the CdCl, treatment, the morphology of the grains
changed to a more granular shape. This indicated that the re-
crystallization had occurred without an increase in grain size. The
stacking faults within the individual grains were absent, consistent with
observations reported for CdTe films treated with CdCl, at high tem-
peratures (Munshi et al., 2018).

The elemental maps obtained from the EDS detector are displayed in
Fig. 4 and the individual maps are labeled with the respective element.
The concentration of zinc was retained in the bulk of Cd-Zn-Te film
after the CdCl, treatment though a slight loss of zinc in the form of
ZnCl, (McCandless et al., 2006) may have occurred near the surface of
Cd-Zn-Te through the CdS film. Similar small reductions at the back
surface were observed when a lower temperature CdCl, treatment was
performed on the sputtered Cd-Zn-Te and co-sublimated Cd-Zn-Te with
a CdTe cap (Swanson et al., 2018). Chlorine was observed to segregate
along the grain boundaries of the Cd-Zn-Te film and accumulation of
chlorine was also observed along the Cd-Zn-Te/Mg-Zn-O interface. The
presence of chlorine in the grain boundaries of Cd-Zn-Te without
causing a loss of zinc is significant, since this is the first such ob-
servation reported. The presence of chlorine along the grain boundaries
has been previously identified as beneficial in devices with CdTe ab-
sorbers (Munshi et al., 2018).

In the tellurium composition map, the signal obtained was uniform
which indicates that no other phases are formed after the CdCl, treat-
ment. The cadmium signal was brighter in the areas where zinc loss had
occurred and in the CdS film. The oxygen was detected in the Mg-Zn-O
film, and any oxide formation in the bulk of Cd-Zn-Te was below the
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500nm

detection limit. The Mg-Zn-O buffer was unchanged with the CdCl,
treatment and no diffusion of magnesium or excess zinc in the bulk of
Cd-Zn-Te was observed.

To quantitatively determine the composition of Cd-Zn-Te film, EDS
line scans were performed at different locations on the device cross-
section. The positions of the line scans and composition profile for each
line are shown in Fig. 5(a)-(d). The overall composition measured for
different line scans is summarized in Table 1. The contributions from
the elements O, Cl and Mg in the bulk of Cd-Zn-Te were small and are
not included.

N

Fig. 4. Elemental maps obtained from the cross section of the specimen of Mg-Zn-O/Cd-Zn-Te/CdS cap.

1184

Solar Energy 173 (2018) 1181-1188

500nm

500nm

In the line scan A-A parallel with the interface, there was no dis-
cernible variation in the zinc concentration. The average composition
calculated (1.68 eV) was close to that of the as-deposited Cd-Zn-Te film.
Small amounts of chlorine were observed along the grain boundaries of
Cd-Zn-Te and also at the interface of Mg-Zn-O/Cd-Zn-Te. In the CdCl,
treatment on CdTe, chlorine decorates the CdTe grain boundaries and
improves the efficiency of the CdTe devices by reducing the defects in
the absorber (Morales-Acevedo, 2006; Wu, 2004; Abbas et al., 2013;
Kim and Sohn, 2016; McCandless et al., 1997; Munshi et al., 2016). So
based on the observations on CdTe treated with CdCl,, the presence of
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chlorine suggests that the Cd-Zn-Te absorber quality has improved by
passivation of grain boundaries and by removing some of the defects
from the as-deposited material. The retention of the original con-
centration of Zn after the CdCl, treatment combined with the presence
of chlorine along the grain boundaries from the EDS maps is a sig-
nificant result.

The cross-section line scans B-B and C-C are divided into two re-
gions for analysis. The first region is from the Mg-Zn-O/Cd-Zn-Te in-
terface to approximately half way into the bulk of the Cd-Zn-Te, and the
second region is that close to the Cd-Zn-Te/CdS interface. On both
vertical line scans, the regions close to the Mg-Zn-O/Cd-Zn-Te interface
have the same Cd-Zn-Te composition as the as-deposited Cd-Zn-Te.
Near the region close to Cd-Zn-Te/CdS interface, a small loss of zinc is
observed. The loss of zinc from Cd-Zn-Te may have occurred due to the
formation of volatile ZnCl, compound during the CdCl, treatment and
also due to the diffusion of zinc into the CdS forming Cd( — x)Zn,S.

3.3. GAXRD

In previous studies, zinc loss has been reported to initiate at the
back surface of Cd-Zn-Te and then progress towards the bulk during the
CdCl, treatment (Shimpi et al., 2016). To examine the current samples,
an X-ray at glancing angle of 3° was selected to probe the Cd-Zn-Te film
surface and minimize the diffracted signal from the underlying TCO
film. In addition, the diffraction pattern from bare Tec10 glass sample
was used to compare the TCO peaks generated from the Cd-Zn-Te
samples. The diffraction patterns generated are shown in Fig. 6.

In the as-deposited Cd-Zn-Te sample, the diffracted peaks (24.32°,
40.26°, 47.62°) match closely with the alloy composition of
Cdg 3Zng »Teq 5 by atomic percentage (ICDD card #00-015-1439). The
peaks from other compositions of Cd-Zn-Te were not visible, indicating
a single phase Cd-Zn-Te alloy was deposited through the co-sublimation
process. Based on the intensity of the peaks, the preferred orientation of
the Cd-Zn-Te film was along {1 1 1} plane corresponding to the peak at
24.32°. The GAXRD peaks also shifted towards a lower angle in the
sample that had gone through the CdCl, treatment and without any CdS
cap. The peaks at 23.74°, 39.28° and 46.4° corresponded to CdTe peaks
(ICDD# 00-015-0770). The peaks from Cd-Zn-Te alloy were absent
suggesting a complete loss of zinc from Cd-Zn-Te during the CdCl,
treatment.

The sample fitted with the CdS cap during the CdCl, treatment
showed minor changes in the Cd-Zn-Te alloy composition. The three
peaks in this case (24.36°, 40.44° and 47.68°) corresponded closely to
the as-deposited Cd-Zn-Te composition. New peaks, however were
identified at 23.86°, 39.5° and 46.64° locations. Using the peak location
at 23.86° and Vegard’s equation (Ringel et al., 1989) for Cd-Zn-Te, the
composition of the alloy formed was Cdg 45Zng osTe s by atomic per-
centage. From the optical transmission measurements and EDS maps,
there was no shift in the band edge and loss of zinc initiated from the
back surface of Cd-Zn-Te absorber. These observations indicate that the
formation of Cdg 45Zng ¢sTeq 5 alloy is in low concentrations and near
the back surface of Cd-Zn-Te absorber. In both the samples treated with
the CdCl,, the intensities of the peaks did not change significantly. The
preferred orientation along {11 1} plane remained the same.

3.4. Device performance

The J-V performance of the devices is shown in Fig. 7. The voltage
was scanned from —0.8V to 1.2V under AM1.5 illumination. The J-V
plot obtained from the as-deposited Cd-Zn-Te (no CdCl, treatment)
varies linearly with respect to voltage and behaves as a resistor. The
dark J-V is flat and indicates that the as-deposited Cd-Zn-Te does not
form a good diode under zero illumination conditions. The device
fabricated from the control sample that had undergone the CdCl,
treatment without CdS cap also showed diode like behavior in the J-V
plots.
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Table 1
Composition of Cd-Zn-Te obtained from different line scans.
Fig. 5 Line scan Distance (um) Atomic %
cd Zn Te s Cd(1 - Zn,Te Estimated bang gap of Cd(; —xZn,Te (eV)
(a) and (b) A-A 0-1.5 29.87 17.14 50.85 - Cdyg 87Zn17.14Te 1.68
std. dev. 1.86 1.53 1.73 -
(a) and (c) B-B 0.3-0.8 29.50 17.23 51.16 - Cdyo50Z017.25Te 1.68
std. dev. 1.41 1.12 1.33 —Below 0.3
0.9-1.1 32.59 14.28 51.17 - Cd32.50Zn14.28Te 1.63
std. dev. 2.06 2.00 1.33 Below 0.3
(a) and (d) c-c 0.44-0.84 30.26 ~17.00 51.32 Below 0.2 Cd30.26ZNn17.00Te 1.68
std. dev. 0.97 0.8 1.09 -
1.0-1.1 33.33 13.49 51.62 —Below 0.2 Cdas.33Zn13.40Te 1.62
std. dev. 1.39 1.26 1.13 -
1.1-1.3 37.97 7.24 24.90 27.06 In the CdS cap -
std. dev. 6.34 5.46 20.81 21.56

Standard deviation (std. dev.).

The conversion efficiency of the device fitted with a CdS cap during
the CdCl, treatment was ~3.3% with a short circuit current density
equal to 12.5 mA/cm?. Theoretically, an absorber with a 1.72 eV band
gap and no optical losses should produce ~21mA/cm? of current
density. If the estimated optical losses (Topic et al., 2015) from glass
absorption (3 mA/cm?), reflection (1 mA/cm?) and back contact (1 mA/
cm?) are taken into consideration, the measured Jsc corresponds to
approximately 75% of the available incident light, at zero bias and
larger amount in reverse bias. The dark J-V plot exhibited a diode like
behavior with a low series resistance at the back. There is a cross over
between the dark and light J-V plot which may imply that that there is
some recombination or a barrier at the Mg-Zn-O/Cd-Zn-Te interface.
The measured open circuit voltage was under 600 mV and the fill factor
measured was ~45%. One of the ways open circuit voltage and fill
factor may be improved is by pairing with a more compatible n-type
window layer (Liyanage et al., 2018). There was no roll over observed
in the light or the dark J-V measurements which is a good indication
that no residual CdS remained at the back of Cd-Zn-Te acting as a back
barrier. Its performance was higher than the device without a CdS cap
during the CdCl, treatment.

In the EQE measurements (Fig. 8), the as-deposited control device,
the light absorption was poor but the band edge was maintained. The
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current generation was observed from the longer wavelength region in
the device fabricated after the CdCl, treatment without a CdS cap. The
band gap in this case was shifted to ~1.5eV, i.e close to CdTe band
gap. The shift in the band gap towards the longer wavelength implies
that without the CdS cap, the zinc from the as-deposited Cd-Zn-Te was
lost and the composition of Cd-Zn-Te had changed to a lower band gap
material (CdTe), which would be no longer suitable for the top cell in a
two-junction tandem solar cell.

The signal obtained from the device with a CdS cap during the CdCI,
treatment showed good light absorption by the Cd-Zn-Te absorber layer
in the shorter wavelength regions. Consistent with a 1.72 eV band gap,
there was no signal generated beyond 750 nm. The EQE plot combined
with the transmission results, therefore indicate that the Cd-Zn-Te alloy
composition was largely maintained after the CdCl, treatment. The
absolute value of the first derivative of the EQE curve shown as a da-
shed line indicates that the average band gap of the material is at
~1.74 eV corresponding to 700 nm. The current collected under zero
bias was calculated by integrating the area under the EQE curve and
was 12.9mA/cm>.

4. Conclusions and future work

In this paper, we have demonstrated a method for preserving the
zinc in Cd-Zn-Te solar-cell absorber after they are subjected to the
CdCl, treatment. The CdS cap acted as a barrier for zinc to escape
during the CdCl, treatment. No significant change in the band gap of
Cd-Zn-Te was observed after the CdCl, treatment through most of the
device. Modest zinc loss, however, was detected near the back of Cd-Zn-
Te in the optical transmission, GAXRD measurements and from the
elemental maps obtained from EDS. The Cl signal was preferentially,
observed along the grain boundaries of Cd-Zn-Te and at the interface of
Mg-Zn-O/Cd-Zn-Te. The Cd-Zn-Te did undergo recrystallization after
the CdCl, treatment. The quantum efficiency, displayed good absorp-
tion at shorter wavelengths and the band edge was maintained at or
near the original 1.72 eV.

The device fabricated from the as-deposited Cd-Zn-Te did not ex-
hibit a rectifying curve and confirmed that the CdCl, treatment is es-
sential for the alloy as well as for CdTe. The device fabricated with the
CdCl, treatment without a CdS cap showed significant loss of zinc. The
composition of Cd-Zn-Te changed to that of a lower band gap material,
essentially becoming a CdTe absorber.

In this method, the deposition of the CdS cap and removal after the
CdCl, treatment is a simple and straight forward process. In future
work, this method should also be useful for other ternary alloys of CdTe
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such as Cd-Mg-Te and Cd-Mn-Te to prevent changes in composition
during the CdCl, treatment.
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