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PREFACE

This 1s the Final Technical Progress Report of a research
program entitled " Low (ost Technique for Producing Cd, xZnxTe
Devices for Cascade (Cell Application.” The purpose of this

project is to apply a two-stage process to the fabrication

0of Cdi-xZ2nxTe devices with a transparent contact and with a
bandgap of around 1.7 eV. The proposed transparent contact is a
low resistivity ZnTe laver.

The two-stage technique used in this project involves
depositing thin films of the elemental components (i.e. Cd, Zn
and Te) of Cdi-xZ2nxTe 1in the form of stacked lavyers, and then
heating and reacting these layers to form the compound. We have
used both electrodeposition and evaporation methods to prepare
the metal stacks used in this program. During the first phase of
the project we concentrated our efforts on the electrodeposition
technique for the deposition of the elemental layers, and using
this approach we successfully demonstrated the feasibility of the
two-stage process for preparing Cdi)-xZnxTe (@<x<l) thin films of
various compositions. Extrinsic doping of these films with Cu was

also achieved. The structural, optical and electrical charac-
teristics of the films obtained by the two-stage process wvere
determined. Transparent 2ZnTe films of low resistivity were

¢btained by a two-stage process for the first time. Preliminary
solar cells using films with low Zn-content were demonstrated.
Work during the second phase of the project concentrated on the
films with higher Zn-content >15 %). These films were grown on
CdS coated substrates for device fabrication. The effects of the
solar cell processing steps on the Cdi-xZnxTe tilms and

CdsS/Cd: «xZnxTe 1nterfaces were studied. It was observed that the
nature of the CdS/Cd,.xZn«Te interface depended on the stoichio-
metry of the Cd:.«xZnxTe film. A sharp interface was observed tor
CdS/CdTe structures. However, this interface «got highly diffused

as the Zn content in the absorber layer 1ncreased above 15%. The
interaction between the window . lavyer (Cds) and the absorber
(Cdi1-xZnxTe) was found to result from an exchange reaction

between Zn 1n the absorber layer and the thin ©dS film.
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1.0 SUMMARY

1.1 Objective

This is the Final Technical Progress Report of a research
effort entitled "Low Cost Technique for Producing Cds xZnxTe
Devices for Cascade Cell Application." The research was supported .
by SERI under Contract XL-7-06074-2. The contract period was June
1, 1987 through May 15, 199@.

The objective of this research program is to demonstrate a
Cd; -xZnxTe solar «¢ell with a transparent ohmic contact. The
proposed device structure is a TCO/Cd(Zn)S/Cd,-xZnxTe/ZnTe/TCO
configuration where the highly doped ZnTe film acts as an ohmic
contact to both the Cdi-xZnxTe layer and the transparent
conductive oxide (TCO) film. The targeted stoichiometry of the
Cdi-xZnxTe f£ilm is x= ©.25-0.4 which 1is expected 1to give a
bandgap value of 1.65-1.75 eV. This device, once developed, can

~be the top cell in a high efficiency tandem structure where the

bottom cell may be a device with around 1 eV bandgap.

1.2 Discussion

A two-stage process has been developed during this research
program for depositing Cd,.xZnxTe films of various stoichiomet-r-
i-
es including #=1. This process involves the deposition of the
elemental components of a compound in the form of stacked layers,
followed by the reaction of these stacked lavers to form the
desired compound.

In the case of Cd|.xZ2nxTe, the elemental components are (d,
Zn and Te. Low-cost electrodeposition techniques have been used
in the first phase of this research program for depositing the
elemental components in the form of thin layers. The second
phase concentrated more on the devices and the evaporation
technique. ‘

Important variables to be <controlled during the deposition
of the elemental layers in a two-stage process are the morpho-
logy, thickness and the thickness uniformity of the deposited
films. For the «case of evaporation approach, the control ot the
morphology of the films does not present any difficulty. For the
electrodeposition technique, however, special plating Dbaths
containing additives (brighteners, surfactants, leveling agents)
are necessary to obtain small-grained smooth deposits.

Reaction of the stacked elemental films was achieved by
heating thgse lavers in tube furnaces at temperatures ranging
from 350 C to 600 °C fcr times ranging from 3@ minutes to 2
hours. Doping experiments were performed by including a p-type
dopant such as Cu in the elemental layers before their reaction.
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Doped ZnTe films with ©0.1-0.5 ohm-cm resistivity and good optical
transmission were thus obtained. Preliminary solar cells with
Glass/Cds/Cdi-xZ2nxTe (@<x<0.1) /N1 structure gave efficiency
values of around 4%.

1.3 Conclusions

We have successtfully demonstrated the use of the two-stage
process for obtaining Cd, .xZ2nxTe films of various stoichiometries
on relatively inert substrates. We have developed plating
electrolytes and plating conditions for depositing thin Te, Cd
and 2n layers of proper morphology. These elemental layers
and layers prepared by the evaporation technique have success-
fully heen reacted to obtain Cd,. xZnxTe films,

We have used the two-stage process to deposit highly
transparent ZnTe films, and we have demonstrated effective
extrinsic doping for such films. ZnTe lavers with resistivities
in the ©.1-0.5 ohm-¢m range and optical transmission with over 65

have been obtained by this technique. These lavers c¢an be used
as buffer contact films in CdTe devices.

Cd;-xZnxTe films have heen grown on CdS coated substrates
for device fabrication. CdS/Cd:-xZnxTe heterojunction solar cells
with around 4% efficiency have been fabricated using films with
Zn concentrations of up to 10%. Films grown on CdS coated
substrates showed quite different properties compared ¢to those
grown on inert substrates. It was observed that the nature of the
CdS/Cd, xZnxTe interface was strongly dependent on the Cd,.xZnxTe
film stoichiometry. This interface was sharp for films containing
small amounts of Zn, whereas, 1t became highly diffused for films
with x>9.15. This was shown to be due to an exchange reaction
hbetween the CdS window layer and 2n which is a «strong reducing
agent.

g
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2.0 INTRODUCTION

Cd,.xZnxTe 1s a variable bandgap II-VI compound semiconduc-
tor with possible application to thin film solar cells. The
bgndgap nf this material can be tuned from 1.45 eV to 2.25 eV by
controlling its stoichiometry. A Cdi.xZnxTe alloy cell with
1.65-1.75 eV bandgap is especially attractive as a top device in
& high efficiency tandem solar cell strucmure The hottom cell
for such a device may he a CdS/CulnSe; solar! cell or a HgyCd,.,Te
¢ell with around 1-1.1 eV bandgap.

B
The contact to the (Cd,.xZnxTe top |device in a tandem
structure has to be transpgarent to sub- qandgdp radiation. A
highly conductive and transparent ZnTe thin flilm coupled with a
transparent conductive oxide (TCO) is an ideall contact for such a
device.
|

Cd,.x2nxTe films have most commonly Dbe#n prepared by the
vacuum evaporation technique [1,2]). The source material used in
the evaporation method is typically the’ :omgound‘ltself. Vacuum
evaporated and <doped ZnTe films with low resistivity have also
been reported in the literature [3,4]. These 'films were obtained
by co-evaporating the ZnTe source material and the dopants (Cu or
Sb) onto heated substrates. The stoichiometry and the optical
transmission of the evaporated ZnTe films are highly dependent on
the substrate temperature and the evaporation Irate. Therefore, it
is essential that these variables be closelw conitrolled during
deposition. Direct combination of Cd, Zn and Te wvapors in a
hydrogen or helium atmosphere has also Dbeen uysed to prepare
Cdi . xZ2nxTe films of various compositions |[5)]. | Recently, MBE
technique was successfully applied to the preparation of
Cd: «ZnxTe films and devices wvere demonstrated using these layers

[61].

The two-stage process 1s a relatively lhew tiechnique which
has heen successfully employed for the preparaftion o2f semi-
conducting films. In this method the individual elements of a
compound are deposited in the form of stackedl layers. They are
then reacted to form the desired material. One of the elements of
the compound may also be introduced from the vapor phase. Thig 1s
the case for CulnSe, which is formed by reacting/ Cu/In stacked
lavers in an annealing atmosphere containing H;Se.

1

In the two-stage process the individual el¢ments of the
compound can be deposited by various techniques such as electro-

deposition, vacuum evaporation or sputtering. Thelstoichiometry
of the compound is primarily determined by the relative thick-
nesses of the elemental layers in the stack. Therefore, it is

essential that these thicknesses are well controlled during the
deposition step. Thickness contrgl for the eleatrodép081ted films
can he achieved by experlmentally determining | the plating
efficiencies of each element and then by monitoring 'and controll-
ing the total charge passed through the circuit duang plating.

Conventional methods can be used for thickness monlqorlng for the

|
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pvaporated or sputtered layers. Reaction of the elemental layers
in a two-stage process 1s generally achieved by heating these
layers in a controlled atmosphere in a furnace. In this report we

. present our

and devices
esvaporation

results on the preparation of Cd,-xZnxTe thin films
by a two-stage process utilizing electrodeposition or
(7,8,9,10]. The ultimate aim of the project is to

cbtain a wide-bandgap (Cd;_-x2nxTe solar cell with a transparent

contact, to

be used as the top device in a tandem structure.
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3.0 TECHNICAL DISCUSSION

3.1 Deposition of the Elemental Layers

The first important step of the present process is to
deposit thin films of Te, Cd and Zn, in the form of stacked
layers, on a substrate. Our work during the first phase of
this project has focused on the electrodeposition technique as
the method of deposition for these elemental layers. Vacuum
evaporation was used during the second phase of the progran.

Fcocur types of substrates were used in this work. Highly
conductive glass/Mo substrates were employed in the early
deposition studies for the ZnTe films [7]. Glass/Mo substrate was
then replaced by the glass/TCO structure to be able to evaluate
the ZnTe/TCO c¢ontact cquality and to he able to make optical
transmission measurements. Glass/TCO/CdS substrates were used
in the fabrication of (¢dS/Cd,-xZnxTe heterojuncrtion devices.
Glass substrates were utilized for preparing films for in-plane
resistivity measurements. Both ITO and Sn0O, were used as the TCO
lavers. Cds films were either evaporated (1-2 microns) or
chemically deposited (9.1-0.2 microns).

There are three important variables to be controlled during
the deposition of Te, C¢d and Zn lavyers:

i) thickness
ii) thickness uniformity
iii) wmorphology

The first variable determines the compound stoichiometry.
Thickness uniformity determines the uniformity of the stoichio-
metry in a given film sample. The morphologies of the elemental
layers affect the micro-scale stoichiometric uniformity and aleco
the morphology of the compound f£ilm as will be described helow.

In the electrodeposition technigque, the total charge passed
through the plating circuit during the deposition step gives a
good measure of the amount of material deposited. Once the
plating efficiencies of individual elements are experimentally
determined, then the average thicknesses of the corresponding
elemental layers can be directly controlled by controlling the
plating current and the plating time. Thickness uniformity was
adequate in the electrodeposition technique for the 1.5 ¢m x 1.5
cm  substrates we typically worked with. We have designed a
special plating fixture for this purpose where the I-R drops were
minimized by making electrical contact all around the plated area
on the conductive substrate.

Morphologies of the electroplated elemental £films are
extremely important in the two-stage process. Smooth and continu-
ous elemental films are necessary to obtain smooth and continuous

1 s e e



compound films after the reaction step. If, tfor example, Cd or Zn
films deposited over Te layers were discontinuous, then the
areas of the sample with exposed Te would evaporate during the
annealing process due to the high vapor pressure of elemental Te,
and the resulting £ilm would also be discontinuous. Even 1if the
coverage of the Te film by the Cd and/or Zn layers were good, but
the morphology of these layers were very rough, one would get
stoichiometric differences, on the micro scale, in the compound
film after the reaction step. For the electroplated films it is
essential to use electrolytes and electrodeposition parameters
that yield smooth, continuous and uniform filmg. The details of
our work on the development of electroplated elemental layers for
the two-stage process have been published previously and they
will not be repeated here [8,9,10,11]. Only a summary will be
presented below.

Tellurium electrodeposition was carried out using an
acidic agqueous solution containing HTeO.,* (TeO: powder dissolved
into 1M H;S80U4 solution). The anode consisted of a Te block.
Morphology of the Te film was found to be a strong function of
the plating current density. Best results were obtained at low
current densities (0.5-3 mA/cmz2).,

Cadmium films were electrodeposited wusing acidic (€dSOa
electrolytes without any stirring or c¢irculation. Plating was
carried out at room temperature and a Cd plate was used as the
anode. To break the dendritic growth and to obtain small grained
smooth deposits, additives had to be employed in the Cd plating
electrolytes. Plating current densities were typically 20 mA/cm2,

Morphology is of prime concern in electroplated Zn lavers.
Just like Cd, Zn tends to grow in dendrites when electroplated
out of simple acidic electrolytes. Therefore, brighteners and
levelling agents have to be included in the formulation of the
plating solution to obtain smooth and shiny deposits.

Evaporation of Te, ¢d und Zn layers was carried out at a
pressure of about 4x10-5 torr. All of the =elemental source
materials were 4 N's pure and the substrates were not inten-
tionally heated during evaporations. Morphologies of the evapora-
ted layers were smooth and their thicknesses were monitored
using a crystal oscill)ator.

3.2 Reaction of the Elemental Layers

Reaction of the elemental stacked layers to form the
compounds was carried out in a tube furnace in Ar, or N
atmosphere. Reaction times ranged froT 30 minut%s to 2 hours.
Reaction temperatures varied from 350 C to 600 C. At the end of
the reaction period, the tube was cooled down to room temperature
and the samples were removed for analysis. Since in-plane resis-
tivity measurements were not possible for films on conducting

non
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substrates, a set of samples were also prepared by vacuum
evaporating Cd, Zn and Te layers onto glass substrates. These
films were similarly reacted in a tube furnace. Cu doping
experiments involved inclusion of the dopant atoms in the
elemental stacked lavers hefore the reaction step. The relation-

ships between the thicknesses of the elemental layers and the
resulting compound films after the reaction step are as follows:

a) A 100 A thick Cd layer reacting with a 157 A thick Te film
is expected to yield a 298 R thick layer of CdTe.,

b) A 100 A thick Zn layer reactin with a 223 A thick Te
film is expected to yield a 331 thick layer of InTe.

¢) In a Cdi-xZnxTe alloy film the composition parameter, %, is
related to the individual thicknesses of the CdTe (tedre)
and the ZnTe (tznre) components of the film by the equation,

tedre/tznre=1.27 (l-x%)-!x

vhere tcdre and tunre c¢an he calculated using the relation-
ships given in a) and b).

3.3 Measurements on Reacted Films and Solar Cells

3.3.1 Films grown on glass or ITO/glass substrates

X-ray diffraction data taken from a series of films with
varying compositions is given in Fig. 1. The substrates for these
films were ITO coated glass, and the reacted film thicknesses
vwere in the range of 1 micron. The reacgion temperature and time
used in processing these films were 550 C and 1 hour, respective-
ly. The data in Fig. 1 «learly demonstrates the compositional
change in the Cd)-xZnyTe alloy films. The position and the
intensity of the diffraction peaks at 28= 21.45, 30.%, 25.4,
37.7, 51 and 60.6 degrees are similar for all the samples. These
peaks are associated with the ITCO substrate. The remaining major
peaks are all associated with cubic Cdi-xZnxTe. As expected,
these peak positions shift in the direction of smaller diffrac-
tion angles as the film stoichiometry Dbecomes more and more
Cd-rich. Also, again as expected, the 200 peak (20=29.3), which
is prominent in the ZnTe film, gets diffused as the stoichiometry
approaches (dTe. The 400 peak, which can bhe observed in the CdTe
sample, overlaps with the ITO diffraction peak in the Zn-rich
compositions, and thus it can not he resolved in those samples.
The "a" values for the measured films were graphically determined
and the film compositions were estimated as shown in Fig. 1. The
"a" values for the ZnTe and CdTe filmg agree very well witp the
values given in the ASTM cards (6.1026 A for ZnTe and 6.481 A for
CdTe) .

A low-resistivity 2ZnTe film is needed as the «contact
material to the Cd;.xZnxTe device in a cascade structure. There-
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fore, we carried out Cu doping experiments and Jdemonstrated the
feasibility of doping in the two-stage process. The resistivities
of Zn-rich films were found to be generally 1lower than that of
Cd-rich compositions. Undoped film resistivities changed from
3009 ohm-cm te over 105 ohm-c¢m going from ZnTe to CdTe. Corres-
ponding resistivities for the doped layers changed from @.6
ohm-cm te higher than 185 ohwm-cm. This result is in accordance
with the general experience that it is more difficult to obtain
low-resistivity p-type C(CdTe polycrystalline thin f£ilms than to
obtain low resistivity p-type ZnTe films. For the undoped samples
this 1is due to the fact that the native acceptors in ZnTe
(i.e. Zn vacancies) occupy shalloweyr states than the Cd-vacancies
in (CdTe. For the doped samples the ionization enargy for the
Cu-acceptor level is lower in ZnTe than in CdTe,

In cascade cell! applications, the optical transmission of
ZnTe film is as important as its resistivity. As a contact laver,
ZnTe must be highly transparent to sub-bandgap light so that a
large portion of this radiation can reach the bottom cell. Op-
tical transmission and reflection of the ZnTe films were measured
using a double beam spectrophotometer. Evaporated samples were
always found to be more specular than the films obtained by the
electroplating technique. This is due to the fact that evaporated
elemental layers have smoother morphologies compared to the
electroplated ones. Fig. 2 shows the optical transmission data
taken from a ZnTe film (curve A) and a Cdo.:.s5Zne.7sTe (curve B)
layer. The average transmission value for the Z2nTe film 1is over
65%. The band edge 1is sharp and it is at ©.55%5 microns. The
bandgap values extrapolated from alpha? versus energy data for
the films A and B of Fig. 2 are 2.25 and 2.04 eV respectively.
These band gap values are 1in good agreement uwith the uiven
stoichiometries of these films.

w
w
1y

Films grown on CdS coated substrates, and solar cells

As presented 1in the previous sections o©of this report,
Cd, «ZnxTe films of various compositions have been successfully
deposited by the two-stage method on glass and ITO coated glass
substrates. However, these films need to bhe grown on CdS coated
surfaces for solar cell application. The device processing steps
include; the deposition of Te, Cd and Zn layers over CdS/ITO/
glass substrates, tne reaction of these layers to form

,Cd) -xZnxTe, annealing of the whole structure in air at around 400

~

C and the completion of the devices by @evaporating gold contacts

after a mild Br-methanol etch. In this section we will discuss
the effects of =such <solar «rell processing procedures on the
properties of Cd1-xZnxTe films deposited by the two-stage

technique.

0w i e
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CdTe Films

CdTe films obtainud by reacting evaporated Cd and Te layers
were shiny, adherent and compact on both ITO/glass and CdS/ITO/
glass substrates. Figure 3 is a cross-sectional SEM of a CdTe/
CdS/ITO/glass structure showing a dense 2.0 um thick CdTe film
grown by the two-stage process. This film was c¢btained reacting
the Te and Cd films at 400 °C for 3@ minutes. The grain structure
of this film can not be readily seen in this micrograph. However,
the surface features suggest a grain size of <« 1 um for this
film. Auger depth profile of a @.q um thick CdTe film grown on a
Cds/ITO/glass substrate at 5@0 C 1is shown in Fig. 4. It is
observed that the Jdistribution of ¢d and Te through this film is
quite wuniform except for the oxidized surface region which is
estimated to be less than 500 & thick. The CdTe/CdS interface 1is
¢learly marked by a sharp sulfur peak in Fig. 4. We have found
that the CdTe/CdS interface was relatively sharp for the whole
range of reaction temperatures {250-600) emploved in this
"ork, This is due to the fact that the Te film deposited directly
over the C€dS layer does not react with CdS. The reaction of
elemental layers of Te and (4, on the other hand, does get
initiated for temperatures higher than 350 C.

CdTe Devices

Solar <cells were fabricated by evaporating gold contacts
over CdTe films grown on CdS/ITO/glass substrates. Devices made
on as-deposited films vielded low current density values (1.0-2.0
mA/cm?2) and low open circuit voltages (0.3-0.4 V). Spectral
response measurements made on these cells revealed that they were
Au/CdTe Schottky barriers rather than the intended CdTe/CdS
heterojunctions. Curve A in Fig. 5 shows the spectral response
data taken through the glass substrate o¢f such a device. It 1is
clear from the high lcng-wavelength response that the carrier
collection in this cell takes place at the Au/CdTe 1interface.

This finding is similar %o the results previously reported
on electrodeposited CdTe solar <cells. In the electrodeposited
CdTe device fabrication process, a "type-conversion, junction-
formation" step was developed [12,12,14] that involwved heat
tre%tment of the as-deposited n-type CdTe filwms at around
420 C in air. This annealing step was shown to convert the n-CdTe
films into high resistivity p-type material, and thus allow
fabrication of high efficiency CdTe/CdS solar cells.

We have applied the same approach to the CdTe films of the
present work. Curve B of Fig. 5 shows the spectral response data
for a Au/CdTe/CdS device fabricat%d on a CdTe film which was
annealed in air for 15 minutes at 400 C. It is observed that, as
a result of the annealing step, the rectifying junction of the
device has moved from the Au/CdTe interface to the CdTe/CdS
interface. The short circuit current density and the open circuit
voltage values of the device have also improved. By using

11
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this approach and optimizing the heat treatment step, we fabrica-
ted cells with Js» and V,c values as high as 15 mA/cm? and 0.65 'V
respectively.

Fabrication steps for the CdTes/CdS devices could not be
successfully applied to  the Cdi-«xZnxTe cells. Presence of a
strong reducing agent, Zn, in the Cd{-xZnxTe films changed the
nature of the Cd,-xZn«Te/CdS interface and also caused compo-
sitional non-uniformities in the annealed films. We will discuss
these topics in the following section.

Cd:.xZnxTe Films

Compositional uniformity: Figure 6 is an Auger depth profile
taken from a Cd:.-xZnxTe film grown on an ITO «coated glass
substrate. The intended composition gor this film was %=0.2 and
it was reacted in nitrogen gas at 400 C under static conditions.
The striking feature of the Auger profile of Fig. 6 is the highly
non-uniform distribution of Zn through the film. Specifically, it
is observed that a high concentration of Zn is localized near the
surface of the Cd;.xZnxTe layer, most 1likely in the form of an
oxide. The oxygen signal which was 1limited to a thin sgrface
region on the CdTe film of Fig. 4, extends as deep as 2000 A into
the Cd,;-xZnxTe layer of Fig. 6. Furthermore, a Zn peak is
observed at the Cd,-xZnxTe/ITO interface.

Non-uniform Zn distribution in air-annealed Cd: xZnyxTe filns
has been recently observed 1in layers deposited by the MBE
technique [6]. The optical bandgap values of such layers were
found to decrease as a result of a heat treatment at around 400

%, further demonstrating the loss of Zn from the bulk of the

film. Observation of the same phenomenon in our Cd, xZnxTe films
suggest that the residual oxygen in the annealing furnace as well
as on the elemental layers was high enough to cause formation of
ZnO in a thick surface laver. It should bhe noted that the use of
a reducing atmosphere in the annealing furnace decreases the
thickness of the surface 2ZnO layer. However, the diffusion
of Zn and the formation of Zn0 at the surface commence once these
filas are heat treated in air for solar cell fabrication.

Zn pile-up at the (Cd;.xZ2ngTe/IT0 interface %s a result of the
reaction between Zn and the ITO surface at 400 C.

Cdi-«x2ZnxTe/CdS_interface: Unlike the relatively sharp CdTe/CdsS
interface, the nature of the C(Cdi.x2nxTe/CdS interface was
found to depend on the c¢omposition , ¥x. Higher wvalues of =
promoted more intermixing between the Cdi-x2nxTe and the CdS
layers during the reaction step. Fig. 7 is an Auger depth profile
of a Cd,-xZnxTe/CdS/ITO structure that was heat treated in air at
490 C afger the reaction step which was carried out 1in nitrogen
at %00 €. The intended «x value for this Cd:. -x2ZnxTe £f£ilm was
©.3. The following observations can be made from the Auger
data of Fig. 7.
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Auger depth profile taken from a Cd, «ZnxTe fi1lm grown
on a ITO/glass substrate.
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Fig. 7.
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Auger depth profile of a Cd:.xZ2nyTe/CdS/ITO/glass
substrate. Intended composition, %, was 0.3.
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a) Zh distribution through the film 1s non-uniform. A high
concentration of Zn is observed within the top 2000 A thick
surface lavyer.

b) The Cdi-xZ2nxTe/CdS interface is highly diffused compared
to the CdTe/CdS interface of Fig. 4. A Zn peak 1is also observed
near the ITO contact.

The diffused Cd,-xZnxTe/CdS interface and the Zn pile-up
near the ITO surface are due to the exchange reaction between tne
CdS film and Zn. 2Zn, being a strong reducing agent, replaces Cd
in the CdS layer at the elevated growth temperatures, As a result
of this reaction the sharp interface observed hetween the CdTe
layer and the CdS film of a CdTe/CdS =structure 1s 1lost in a
Cd,. xZnxTe/CdS junction.

We have carried out an experiment to further understand this
reaction between Zn and the CdS, In this experiment a sample was
prepared on a CdS/ITO/glass substrate where Te, and Zn lavers
were deposited through a shadow wmask so that three distinct
regions were obtained on the substrate (Fig. 8). Region 1
consisted of a Te film over the CAS/ITO layer, region 2 had only
the Zn layer and region 3 had both the Te and Zn films. After the
reaction step the Te film 1in region 1 had totally evaporated
without reacting with the CdS/ITO film. Region 2 had a transpa-
rent layer, an Auger profile of which is given in Fig. 9. It is
observed that the Zn layer in this region, instead of evuaporating
away, has reacted with the (CdS/ITO substrate. Existence of Zn, O
and S peaks suggest the formation of both ZnS and Zn0O. In region
3, a film with a bandgap value smaller than that of ZnTe was
obtained. This suggests that Cd from the CdS layer has moved
into the ZnTe film and Zn has reacted with S giving rise to an
intermixed laver.

Cdi «2énxTe Devices

BEfficient Cd,. xZnxTe/CdS solar cells could not he fabricated

using films with x>@.25. The main reason for this was the
reaction of Zn with CdS giving rise to a highly diffused
Cd,. »ZnxTe/CdS interface and poor morphology. Devices made on
films with x<0.2 yielded efficiency values of 3-4% (Fig. 10).
However, the stoichiometry of these films are expected to he
graded, i.e. the contact side more Zn-rich compared to the CdS
side.
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4.0 CONCLUSIONS

In conclusion, we have demonstrated the successful use of
the two-stage process for the preparation of Cdi.xZnxTe alloy
films of all stoichiometries on inert substrates. We have demons-
trated efficient doping of these films and good stoichiometric
control. We have also demonstrated that cost effective electrode-
position steps can he wused in the two-stage process to prepare
allcy films once the ~chemistry of the plating solutions are
optimized for depositing films with good morphology. We have
prepared the first highly transparent and conducting ZnTe films
by the two-stage prcress. Deposition of ZnTe films by the
technique developed in +his program is more attractive than the
previously wused evaporation wmethods which require substrate
heating and deposition rate control during evaporation. The ZnTe
fi1lms prepared by the two-stage procesgss can e used as contact
lavers to high efficiency CdTe solar cells.

Use of Cdi-«ZnygTe films for top cell application in a tandem
device structure requires two key processing steps.

The first step is the deposition of a Cd,.xZnxTe film over a
€dS coated transparent substrate. The €dS layer in such a
structure needs to be thin (<1900 A) to maximize the Jy. values.
In this program we have discovered that thin CdS films, get
reduced by Zn, a strong reducing agent, during the high tempera-
ture growth process. As a result, the CCdS/Cd:.xZnyTe interface
gets diffused and the solar cell parameters deteriorate. This
problem may be somewhat alleviated by replacing the thin CdS
window layer of the present device structure with a thicker and
more transparent CdZnS film.

In this project we have also discovered that an essential
step in the fabrication process for a Cd:.xZnyTe/CdS device by
the two-stage technique is the "type-conversion, iunction-
formation" step which involves heat treatin% this structure in an
oxygen containing atmosphere at around 400 C. High reactivity of
Zn with oxygen, however, causes this element to diffuse to the
surface of the film during the annealing step and, therefore, the
composition of the absorber layer changes. This problem may he
overcome by including excess Zn into the film and etching away
the Zn-rich surface hefore contact deposition or by developing
techniques that vyield solar cell grade as-deposited Cd,..ZnyTe
films.

In conclusion, we can state that the two-stage process has
proven to be successful for the deposition of Cd;.xZnxTe films.
Specific requirements of device processing (such as deposition of
films over thin €dS 1layers and the annealing step in air),
however, present some challenges that need to be further address-
ed, especially for films with high Zn content.
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