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ABSTRACT

An attempt was made to produce ZnTe films, for use as p-type back contact layers for 

CdS/CdTe solar cells, by different electrodeposition methods. ZnTe is an ideal material 

for the back contact since it is naturally p-type, shares a common element with CdTe, and 

has a small barrier for hole collection at the p-i junction. Electrodeposition of ZnTe films 

had been minimally researched using a galvanic method, but the initial scope of this 

research focused on a potentiostatically controlled cathodic deposition process. 

Background information suggested that by obtaining a voltammogram, a proper 

deposition potential could be found. This potential should produce deposition rates of 

about 100 nm/hr to ensure higher quality films. Also, the pH needed to be kept below 4 

for Te not to precipitate out, and the temperature had to be about 50-80 °C. Stirring 

seemed optional, and was used for the beginning of the research.

The first deposition method utilized two potentiostats to control a Te anode and a Pt 

mesh anode separately in a 2L, 0.2 M ZnCl^ solution. The cathode substrates used for 

this first attempt were as-deposited CdS/SnO/Glass of about 14 cm^ area. Deposition 

potentials were kept below -700 mV due to the voltammogram obtained. Current levels 

were found to be too high, and it was decided to control the [Te] by directly adding Te to 

the bath thus eliminating the Te anode and second potentiostat. This second method also 

produced large deposition rates and the galvanic method was chosen as a new starting 

point. Zn foil was short circuited to a CdTe/CdS/SnO/Glass substrate in a 50 ml, 0.1 M 

ZnCl2 solution. The pH was kept around 3 and no stirring was involved. Optimum rates 

were achieved with this method and a variation of this method was attempted. By using
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potentiostatic control of the Zn foil, it was thought that current levels could be kept more 

stable. The surface areas of the foil and substrate were decreased to about 2.0 cnA  

Other parameters such as pH, temperature and no stirring were kept the same. This was 

shown to work as planned, and the next step of Cu-doping was attempted.

A matrix of varying pH and [Cu], yielding 9 differently deposited samples, was 

investigated. SEM photographs of the different surfaces yielded minimal information 

about the changing surface structures. EDXS data showed that low Cu atomic % and 

high Zn atomic % were achieved for ZnTe films deposited with a pH of 3.0 and [Cu] of 

10~4. X-ray data of samples deposited with the different deposition methods resulted in 

the positive identification of a Zn phase only for the galvanic and variational methods.
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Chapter 1 

INTRODUCTION

Cadmium Telluride based solar cells have been investigated by many researchers in 

the last decade. CdTe is a good solar cell material mostly due to its direct bandgap of 

1.44 eV, which is ideal for sunlight absorption in a semiconductor. Deposition methods 

vary, but for low cost the electrodeposition of CdTe is preferred. Conversion efficiencies 

above 12% have already been shown for electrodeposited, polycrystalline CdTe films. A 

typical n-i-p cell structure for this type of solar cell utilizes CdS and ZnTe as the n-type 

and p-type layers respectively. CdS has a wide bandgap, 2.42 eV, which makes it very 

accommodating as the window layer. ZnTe is a good back contact layer for being 

naturally p-type, sharing a common element (Te) with the intrinsic layer, and having a 

small barrier for hole collection at the p-i junction.

The main purpose of this investigation was to develop a method for electrodepositing 

ZnTe films onto CdTe substrates, then to further this study by looking at the material 

composition by varying deposition parameters and copper doping.
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Chapter 2 

BACKGROUND

2.1 CdTe Cell Performance

Over the past two years at CSM, efficiencies greater than 12% were attained for 

CdTe devices fabricated by electrodeposition. Au back contacts were used in the 

efficiency measurements, and CdTe deposition parameters were studied to maximize this 

cell parameter. Many improvements have been made since the beginning of this 

endeavor. Research in transparent conducting oxides (TCO) has led to record efficiencies 

in solar cell devices, the CBD deposited CdS layer has been improved, and consistent 

production of efficient CdS/CdTe cells has occurred by allocating more attention to 

deposition parameters [1]. Since p-type ZnTe back contacts had been minimally 

researched in terms of deposition methods and film properties, it was desirable to produce 

low resistance, p-type ZnTe films which were inexpensive to deposit, and would 

complement the efficiency and electrical properties of the solar cell. Since 

electrodeposition is one of the least expensive deposition methods, and since much 

research had already been done for this process with CdTe at CSM, this method was 

chosen over others to investigate.
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2.2 Solar Cell Properties

Many different materials have potential for use in the research of photovoltaics. III- 

V compounds include GaAs, InP and AlAs. Si and Ge are single element materials 

which can be used for solar cells. Also, common II-VI compounds are CdTe, HgS and 

ZnSe. Two of the criteria for quality solar cell materials are a large short circuit current 

(Isc) and a large open circuit voltage (V0c)- A material with a small energy band gap 

(Eg) generally will produce a larger ISc- On the other hand, a material with a larger Eg 

will possess a large V0c- Hence a tradeoff occurs in finding an optimum material based 

on these two factors. Figure 2.1 shows a peak in theoretical solar cell efficiency for 

materials having Eg around 1.4 eV, and this includes GaAs (1.35 eV) and CdTe (1.44 

eV).

A typical n-i-p CdTe solar cell consists of SnO? :F/CdS/CdTe/back contact on a soda 

lime glass substrate. The band diagram for this solar cell with a ZnTe back contact is 

given in Figure 2.2. We are currently using Nippon-Glass-deposited front contact layers 

of SnO^F, which is a transparent conducting film with a sheet resistance of 10 Q/sq. An 

n-type window layer of CdS (Eg = 2.42 eV) is then deposited by chemical bath 

deposition (CBD) and, once the substrate is annealed, the CdTe (Eg = 1.44 eV) is 

electrodeposited onto the CdS surface. This layer provides the effective light absorbing 

function of the solar cell device. Finally, an ohmic or semi-ohmic back contact layer is 

deposited onto the CdTe to complete the junction. Typical values for V0c, Jsc, fill factor 

(FF) and efficiency in these devices are 767 mV, 22.36 mA/cm^, 0.696 and 11.2% 

respectively [2]. Au has been used in many different instances, but ZnTe (Eg = 2.23 eV) 

is a more favorable material since it shares a common element with CdTe, it is naturally 

p-type and there exists a small barrier for hole collection at the p-i junction.
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ZnTe films are unfortunately highly resistive, and steps such as Cu-doping must be 

taken to produce films that are more electrically conductive. There is a range of 

information which deals with this problem, along with studies of the optical and physical 

properties of this semiconductor, and these will be addressed in the following section.
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2.3 Literature Survey

2.3.1 ZnTe Deposition

Many methods have been used for deposition of ZnTe films on various substrates. 

This section will first provide an overview of the less applicable methods (i.e. too 

expensive, non-photovoltaic applications), and greater attention will be paid to one 

specific method (galvanic deposition). The first process of interest is vacuum 

evaporation [3][4]. One study in particular (Raju, et al.) used 99.999% pure ZnTe in a 

vacuum of 5 x 10"^ Torr, with 5 samples obliquely arranged 15 cm from the boat. The 

samples differed in substrate temperature which varied from 303 to 573 K, but the 

thickness was consistent for every sample at 2000 nm. Using XRD data, all films were 

shown to be polycrystalline with the zinc blende structure, and grain size was found to 

increase from 9 nm at room temperature to 90 nm at 673 K. This improved crystallinity 

at higher substrate temperatures is responsible for increased transmission results. 

Electrical conductivity, Hall mobilities and acceptor levels all increased with substrate 

temperatures. It was hypothesized that the acceptor level increase was "due to shallow 

doubly charged acceptor centers related to zinc vacancies."

The next method of deposition is hot wall epitaxy. In this study [5] the electron 

transport was investigated as a function of dopant concentration. ZnTe films were 

epitaxially grown onto glass and single-crystal potassium chloride substrates. In a 

vacuum chamber of 10"6 Torr and 470 K, various films were made with different 

amounts of electronic grade silver as the p-type dopant. Specifically the dopant levels 

ranged from 1 0 ^  to lO^O at./cnA As the amount of silver increased, the resistivity 

decreased, in a logarithmic fashion, from 10^ ohm cm at 1 0 ^  at./cm^ silver to a 

minimum of 22 ohm cm at approximately 1 0 ^  at./cm^ silver. Higher dopant levels 

caused the resistivity to increase an order of magnitude. The electron diffraction patterns
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differ greatly at these higher silver concentrations. The carrier mobility stays constant 

over the range of silver concentrations.

Another study of ZnTe material properties as a function of deposition parameters 

involves radio-frequency magnetron sputtering [6][7]. At a frequency of 13.56 MHz, 

1500 nm thick ZnTe films were produced in a pressurized Ar atmosphere, Cu-doped and 

undoped, on soda-lime microscope glass. It was found that reducing the chamber 

pressure from about 35 millitorr to 5 millitorr improved the ZnTe stoichiometry by 

decreasing the Zn deficiencies. The stoichiometry was also improved by reducing the 

source-to-substrate distance. The effect of substrate temperature, when increased from 

room temperature to about 570 K, was to reduce the bulk resistivity by a factor of about 

50. Also, when the substrate temperature was increased in the same range, the optical 

band gap increased from 1.7 eV to 2.2 eV for undoped films, and from 1.6 eV to 2.1 eV 

for doped films (~5 at. % Cu).

The last study to be investigated concerns an electrochemical technique, specifically 

"galvanic", which takes advantage of the natural properties of Zn [8][9][10]. In this 

particular type of deposition, unlike all others reported earlier, the ZnTe films, Cu-doped 

and undoped, were deposited on evaporated CdTe/CdS/IT0 /Glass substrates. The 

galvanic method utilizes an electrochemical reaction in an unstirred aqueous bath. In this 

case the bath contained about 50 ml of 0.1 M ZnCl^ and 10"4 M TeO]. HC1 was used to 

adjust the pH to values between 3 and 4, and the temperature was kept between 50 °C 

and 80 °C. Cu^+ complex was added to the bath, in the form of a CUSO4 solution 

dissolved in triethelalonineTEA, to Cu-dope the ZnTe films. The galvanic cell was 

assembled by short circuiting the CdTe/CdS/ITO/Glass substrate to a piece of Zn foil and 

placing both in the bath. Since the Zn is electropositive it acts as the anode, and the
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substrate becomes the cathode. The reaction occurs without the aid of a potentiostat due 

to the potential difference between the electrodes. The equations for the reactions which 

form ZnTe are as follows [10]:

Zn = Zn2+ + 2e", E °ox = +0.76 V (anode reaction)

Zn^+ + 2e_ = Zn°, E0red = -0.76 V (cathode reaction)

HTe02"1’ + 3H+ + 4e“ = Te0 + 2H2O, E0red =:+0.56 V (cathode reaction)

Zn° + Te° = ZnTe (cathode reaction)

Te deposits faster than Zn since its reduction potential is greater. This makes it

imperative that [Te] be kept small. Thicknesses of 50-200 nm were obtained from

deposition times of 20-120 min., where a gradual decrease in the deposition rate occurred 

due to depletion of Te from the bath. It is important to note here that smaller thicknesses 

of ZnTe films create better conduction through the device and thus a better Isc. It was 

noted in this particular research that "it is not possible to deposit such continuous, thin 

ZnTe films by vacuum evaporation." With respect to the pH, XRD studies revealed the 

presence of ZnTe for pH between 3-4, but not for 2-3. Higher pH caused the solution to 

become cloudy with Te02 precipitation. Cu-doping slightly increased the current density 

during deposition, and also expedited saturation of the solution. Solar cell efficiencies of 

8-10% were reported using this method of depositing Cu-doped ZnTe films onto CdTe 

substrates.
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2.3.2 Electrodeposition Theory

Existing CdTe deposition methods constituted the framework for the initial direction 

of our ZnTe research. Electrodeposition of CdTe has been well documented 

[11][12][13], and the techniques and parameters for deposition will be summarized here.

To produce CdTe films, Cd and Te are deposited from a 0.8 M to 1.2 M solution 

made from Cd salts such as CdSOq or CdCl2 dissolved in water. Addition of Te occurs 

by either directly dissolving Te02 or implementing a Te anode. Usual pH and 

temperature values are 2-5 and 70-85 °C respectively, and [Te] ranges from 1x10"^ M to 

2xl0"4 M [11]. Determining the potential at which to deposit involves the concentrations 

of [Te] and [Cd], and the CdTe film itself. The following information is taken from 

Panicker, et al. [14].

An increase in concentration of one of the two elements will cause an increase in that 

element's activity, and that is shown in the following two equations: aje = XpeYie, acd = 

XcdYcd where a is the activity, X is the mole fraction and Y is the activity coefficient.

The activities of single elements are related to their potentials through the following 

equations [15]:

Cd(s) = Cd2+ +2e-

V eq cd = -0.403 +0.0295 log(aC(j2+/acd)

Te(s) +2H20 = HTeC>2+ + 3H+ + 4e“ (0 < pH < 5)

V eq. Te = 0.551 +0.0148 log(aHTe02+/aTe) " 0.0443 pH

For Te the pH also controls the potential, and Te exists as HTe02+ between a pH of 0 to 

5. Temperature is taken as 25 °C and the normal hydrogen electrode (NHE) is the
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reference electrode used. The formation of CdTe can occur between different Cd and Te 

concentrations by being in equilibrium with Cd at the CdTe-Cd phase boundary, and with 

Te at the CdTe-Te phase boundary. It follows then that the individual activities are 

interrelated by:

acd * %Te = exp(AGcdTe/RT)

where the activity of CdTe is taken as one. The activity of Cd will vary from one at the 

CdTe-Cd phase boundary to exp(AGcdTe/RT) at the CdTe-Te phase boundary. The 

opposite variation occurs for the activity of Te. The Cd potential will in addition vary 

from -0.403 V at the CdTe-Cd boundary to -0.403 V + (GcdTe(298/2F), or 0.143 V at the 

CdTe-Te boundary. The Te potential will act similarly from 0.551 V at the CdTe-Te 

boundary to 0.551 V + (GcdTe(298/4F), or 0.824 V at the CdTe-Cd boundary [15]. The 

difference in the equilibrium potential of Te at the CdTe-Te boundary and the equilibrium 

potential of Cd at the CdTe-Cd boundary is 0.551 V - (- 0.403 V), or 0.954 V. Since this 

value is greater than GcdTe(298/4F = 0.273 V, this is termed as a Class I deposition and 

Cd becomes the potential determining species. So films of CdTe can be deposited from 

(0.143 V + 0.0295 log aca2+ - AV)„to (-0.403 V + 0.0295 log acd2+ - AV). The term AV 

is the overpotential and is related to the discharge overpotential, the current density and 

the resistance per square centimeter of electrode of the circuit between the cathode 

contact and the calomel electrode used to measure the cathode voltage. The rate of Te 

deposition is diffusion controlled due to the concentration of HTe02+ falling to nearly 

zero at the electrode-electrolyte interface. Since this is so, Te determines the rate of film 

growth.
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In a given range of Cd deposition potentials there exists one potential where 

stoichiometric CdTe films are produced. Values more positive will create excess Te in 

the films, and values more negative will lead to excess Cd. Excess Te produces p-type 

CdTe and excess Cd produces n-type CdTe. The deposition rate will increase with an 

increase in stirring since the diffusion distance for Te is effectively decreased.

VoItammograms for CdTe usually exhibit plateaus in the 100-400 mV region, where the 

I-V curve narrows at higher [Te] (see Figure 2.3). The plateau occurs because the Te 

transport is diffusion limited in this region. Since it is imperative to keep the [Te] low, 

two alternatives are given to insure this.

The first proposal is to use two anodes. One anode is inert, such as Pt, and the other 

is active, such as Te is in this case. The Te anode introduces HTe02+ into the solution 

when current passes through it, and the Pt anode creates Cd^+. [HTe02+ ] is kept 

constant by attaining a current ratio of 2 for iTe^inert- The second method is to use just 

the inert anode and saturate the solution with Te02 , where the saturation keeps 

[HTe02+ ] constant.
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2.3.3 ZnTe Material Properties

ZnTe is a semiconducting material with a bandgap of 2.26 eV. It has the zinc blende 

structure with a lattice parameter of 6.101 angstroms at room temperature. ZnTe has a 

density of 5.72 g/cc, a melting point of 1510 K, and heat of formation of 119.3 kJ/mol. 

Also, the electron mobility is 340 cm^/V-sec and the hole mobility is 100 cm^/V-sec. 

[16]. Straying away from stoichiometric ZnTe leads to a hexagonal close packed 

structure near at. % Te = 0, and a hexagonal structure near at. % Te = 100 [17]. The 

phase diagram for ZnTe shows a Te rich region below 31% wt. % Zn and below 717 K. 

Above 31% yields a Zn rich region, and this is also below 717 K. Stoichiometric ZnTe 

occurs at a wt. % Zn = 31%. This wt. % corresponds to an atomic % Zn of 50%. Two 

liquid phases occur above 717 K up to the maximum of 1510 K for a pure liquid phase 

for all wt. % Zn [18]. Figure 2.4 shows the phase diagram for ZnTe.



T-4750 14

WEIGHT PERCENT ZINC
20

1500

1300
Olm

1200 1160*

1100

ICOO

900

800
7 2 0

700

6 00
(Zn) —CTe)

Te 0.1 0.2 0.3 0.4 0.5 0.6 0.7 08 09 Zn
U m u i u l  X z n

T E L L U R I U M - Z I N C  S Y S T E M

Fig. 2.4: Phase diagram for ZnTe. A maximum occurs at T = 1512 K.
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Chapter 3 

EXPERIMENTAL

3.1 Dual Potential System

3.1.1 Preparation of the Bath

The initial intent of this research was to use proven CdTe electrodeposition 

procedures to produce ZnTe in the same manner. Specifically, this entailed using two 

potentials (Ametek power supplies) to control electrodes submerged in a two liter bath of 

ZnCb of about 0.2 M. One potential controls a platinum mesh and a standard calomel 

electrode (SCE), and the other a tellurium anode and the depositing substrate as a cathode 

to complete the circuit. The setup and electronics are shown in Figure 3.1. The current 

was measured with a Fluke digital multimeter. The pH, measured with an Orion pH 

meter, was set around 2 by adding diluted HC1 and KOH, and impurities in the bath were 

removed by replacing the substrate with another Pt mesh and applying a voltage, 

referenced to the SCE, of about -500 mV. After 24 hours the Pt was pulled and rinsed in 

a 1:1:1 stripping solution of HC1, water and peroxide. Next, a voltammogram for Te 

alone was acquired (Figure 3.2) to find the optimum deposition potential, and this would 

occur at the knee of the curve. In this case, the optimum deposition potential is about - 

500 mV. Also, bubbling at one of the Pt meshes occurred at -550 mV so the deposition 

potential was assumed to be less than that. Then, CdS/SnO/Glass substrates were 

prepared for electrodeposition. Since CdTe had been shown to deposit well on this 

substrate, CdS was chosen for the deposition of ZnTe. Preparation included soldering 

two indium wires to the outside edges, covering the solder with lacquer, and rinsing the
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substrate in DI water. A Coming hot plate/stirrer was used for heating and stirring the 

bath. The temperature was then set anywhere from 60-75 °C, and the bath was stirred at 

a rate between 1 to 4 with 4 being the fastest rate. Between each individual deposition 

the Pt mesh was cleaned of impurities and excess Te by the method described previously 

[10].
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Fig. 3.2: Voltammogram of Te for optimization of deposition potential.
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3.1.2 Dual Potential Deposition Trials

Table 3.1 shows the deposition data for the first attempt (sample 080493-E). In 

this trial, the exact parameters were as follows: pH=2.00, T=75 °C, and substrate surface 

area 14.3 cm2. The deposition voltage was decreased towards the end to see if the current 

could be significantly lowered, but even at 200 mV, the total current was still 12 mA. 

Theoretically, at 24 mA, this yields a thickness of 1000 nm which was an order of 

magnitude higher than desired.

TABLE 3.1 : Sample 080493-E Deposition Data in Dual Potential System

Time (min) Vdep (mV) ITe/IZn (mA/mA) Stir rate Total current (mA)

0 -450 44/20 4 64

1 -450 35/16 4 51

5 -450 33/16 4 49

8 -300 17/7 4 24

11 -200 10/4 4 14

17 -200 9/3 4 12

A second attempt (sample 081393-E) was made to decrease the total current level by 

decreasing the stirring rate to 3. The bath was set to a pH of 2.09, the temperature was 60 

°C, and the substrate had an area of 14.0 cnA  The results are shown in Table 3.2. A bad 

connection caused the high current ratio in the first time interval, and was corrected right 

then.



T-4750 19

Table 3.2: Sample 081393-E De position Data in Dual Potential System

Time (min) Vdep (mV) ITe/IZn (mA/mA) Stir rate Total current (mA)

4 -500 53/3 3 56

8 -500 29/12 3 41

9 -500 25/10 2 35

15 -500 23/9 2 32

19 -500 22/9 2 31

A third run was attempted (sample 082993-E) with the exact same deposition parameters 

as sample 081393-E to insure the bad connection did not affect the deposition process. 

The same results occurred in that the total current was once again too high, and it was 

speculated that the stirring rate might still decrease the total current levels to more 

reasonable levels. One more run was attempted (sample 090593-E) at a stirring rate of 2, 

and a potential of -500 mV, and a slight decrease in total current could be seen. The 

effect was so minimal that otheV parameters would need to be changed to achieve the 

order of magnitude decrease in total current levels for the given substrate surface areas. 

The results for the last two deposition trials are summarized here in Table 3.3.
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Table 3.3: Summary of Final Two Dual Potential Deposition Results

Parameters Sample 082993-E Sample 090593-E

Total Deposition Time (min) 29 15

Deposition Voltage (mV) -500 -500

Average Te:Zn Current Ratio (mA/mA) 19/8 18/8

Stir rate 3 2

Average Total Current (mA) 27 26

Other parameters to investigate were deposition voltage, temperature, pH and chemical 

concentrations. Theoretically, the deposition voltage could not be lowered since -500 mV 

occurs around the knee of the voltammogram, and this is where ZnTe stoichiometry is 

achieved. If the temperature or pH were changed, it would not have a profound enough 

effect on the total current levels. It was decided to look at chemical concentrations in 

terms of decreasing the deposition current.



T-4750 21

3.2 Single Potential System

3.2.1 Preparation of the Bath

Figure 3.3 shows the setup for this particular system. The major difference from 

the dual setup is the absence of a Te anode. Without this, it was unnecessary to have two 

potentials driving the system, so only one potentiostat was used. Also a voltammogram 

was not available for this setup since there was a set amount of Te in solution per 

deposition. Potentials were therefore chosen arbitrarily since the initial goal was to 

decrease deposition current levels. A new ZnCb bath was created, and Te was added to 

the bath by first weighing out a specific amount of solid TeCb to create a certain molarity 

in the system. Then the solid was placed directly into the 2 L ZnCb solution. After 24 

hours the Te completely dissolved and then pH and temperature could be set for 

deposition. After each deposition, the bath was potentiostatically cleaned of excess Te 

with the Pt mesh apparatus used in the dual potential setup. Again, CdS substrates were 

used for the cathode. These were as-deposited, CdS/SnO/glass films cut from sheets of 

approximately 5" x 3" surface area.

IC d T el

Fig. 3.3: Electronics setup for single potential deposition system.
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3.2.2 Single Potential Deposition Trials

In the first deposition attempt (sample 022294), a 3.2 cm2 CdS substrate was used 

and 0.02 g of Te02 was added to 2 L of solution thus giving [Te]=0.00006 M . 

Deposition parameters were as follows: pH=2.9, T=50°C, and stir rate=3. Deposition 

data for sample 022294 are given in Table 3.4. In the single potential case, only one 

current is reported thus eliminating the need for a current ratio parameter.

Table 3.4: Sample 022294 Deposition Data for Single Potential System

Time (min) Vdep (mV) I (mA) Stir rate

0 -700 2.52 3

2 -700 3.10 3

5 -700 160 3

7 -700 190 3

12 -700 4.20 3

The substrate was removed after 12 minutes because peeling occurred on the surface of 

the substrate. In this case the deposition current was an order of magnitude less than in 

the dual potential setup, but since the cathode surface area was decreased to 3.2 cm^, and 

since peeling was involved the current was still too high. One way to attempt to decrease 

the current would be to make the deposition potential less negative. In the next trial 

(sample 030194), the potential was set to -600 mV, the pH to 1.98 and the bath was
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unstirred. Also, the temperature was set to 65°C , the CdS surface area equaled 4.2 cm2, 

and [Te]=0.00008 M. The results of this deposition are given as Table 3.5.

Table 3.5: Sample 030194 Single Potential Deposition Data

Time (min) Vdep (mV) I (mA) Stir rate

0 -600 1.66 0

4 -600 1.94 0

8 -600 2.33 0

12 -600 2.35 0

16 -600 2.49 0

In these first two data sets, the current increased over time which is contrary to data 

collected in previous depositions. More importantly, the current was still an order of 

magnitude higher than a value producing 100 nm/hr for the given substrate surface area. 

At this point a new direction was taken, and it followed the galvanic deposition procedure 

of A. Mondai previously discussed.
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3.3 Short Circuit fGalvanic') System

3.3.1 Preparation of the Bath

A much simplified deposition cell was used in this system (Figure 3.4). Placed in 

a small beaker (usually 100 ml) are the following: 40 ml of 0.1 M ZnCl], various 

amounts of HC1 and KOH to adjust pH, small amounts of Te dissolved in 0.1 M NaOH, 

and the circuit of a Zn metal anode connected to the substrate cathode via an ammeter. 

The substrates used in this case, and throughout the rest of the research, were cut from a 

10 cm^ sheet of as-deposited CdTe/CdS/SnO/Glass. The beaker was then placed into a 

larger beaker filled a quarter of the way with tap water. By doing this the temperature 

was kept more constant in the smaller beaker. The surface areas of the Zn and substrate 

varied per deposition, and [Te] in the bath was kept around 10-4 M. The bath was 

unstirred, the temperature varied from 50-65 °C, and the pH approximately equaled 3.0. 

After each deposition, the bath was discarded and a new 0.1 M solution was prepared.

Fig. 3.4: Electronics setup for short circuit (galvanic) system.
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3.3.2 Short Circuit Deposition Trials

A first attempt was made (sample 031194) using the following deposition 

parameters: T=50°C, pH=3.6, substrate area=1.5 cm2, Zn area=2 cm2, and [Te]=10‘4 M. 

The deposition data are given in Table 3.6. Note that deposition potential is absent since 

there was really no way to determine this parameter. Also, the temperature was not as 

stable in these depositions due to the lower volume of solution, therefore making it an 

important parameter. The second notation of "1 A" is acknowledged because a transition 

from date to sample number-substrate origination notation occurred.

Table 3.6: Sample 031194 (1 A) Short Circuit Deposition Data

Time (min) Current (mA) Temperature (°C)

0 0.22 52

10 0.15 56

20 0.08 54

60 0.06 53

In this first trial, the current level was an order of magnitude less than it was in the single 

potential system. If an average of 0.15 mA is used, and given a 1.5 cm^ deposition area, 

theoretically the thickness of the film would be 53 nm in an hour. This corresponds to 

the original goal for reasonable control over ZnTe film thickness during deposition.

Many more depositions were attempted using this method and the results are summarized 

in Table 3.7. The parameter of [Te] was omitted since careful procedures insured
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negligible variation from 10'4 M. It is important to note here that by using the short 

circuit cell, for the first time ZnTe films were shown to exist on the substrate surface 

through x-ray studies. Previous methods were unsuccessful at this. This information 

will be discussed in detail in a later section.

Table 3.7: Summary of Short Circuit Deposition Results

Sample # pH Temp.

(OC)

Time

(min)

Zn area 

(cm2)

CdTe area 

(cm^)

1 avg 

(mA)

2A 3.06 58 80 0.88 1.2 0.17

3A 3.35 53 115 2.0 1.68 0.12

4A 3.15 52 30 1.68 0.84 0.35

5A 3.31 52 74 1.28 1.2 0.20

6A 3.05 52 102 0.98 0.63 0.24

Inspecting the data from Table 3.7 reveals a fairly wide variation of average currents for 

each deposition. Parameters such as pH, temperature, time or area did not seem to have a 

direct correlation with the changing average current. Also, not all of these samples 

revealed a ZnTe film through x-ray analysis (as will be discussed later), so greater control 

was sought for reproducibility in the depositions.
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3.4 Variation on the Short Circuit System

To gain better control over the reproducibility of depositing ZnTe films with a 

given current density, a potentiostat and SCE reference electrode were added to the 

system. A diagram of the new system is given in Figure 3.5. After setting the system up, 

one sample run was performed to find a reasonable deposition potential (sample 3C). It 

was found that if the potentiostat was set to -970 mV, then the current level appeared at 

0.18 mA. Different samples would be deposited at a range of potentials (-800 mV to - 

1000 mV) to observe x-ray, SEM and EDXS results. Temperature (52 °C), pH (3.0) and 

sample sizes (2 cm x 1 cm) were all kept constant for these tests. Table 3.8 shows the 

sample number with the corresponding deposition potential and current levels for each 

trial.

Table 3.8: Summary of Variation Method Depositions

Sample # V dep (mV) I avg (mA)

5C -800 0.11

6C -950 0.16

6.5C -880 0.24

8C -1000 0.16

9C -975 0.19

10C -975 0.18
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From this range of potentials, it was found that -975 mV yielded the most consistent 

results in terms of the average current values. This value of the deposition potential was 

then used in the next phase of research: copper doping.
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Fig. 3.5: Electronics setup for variational method system.
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3.5 Copper Doping

The last phase of this research dealt with introducing Cu to the variational system. 

Since ZnTe is highly resistive in the natural state, p-type doping is necessary to improve 

the conductivity of the film. This was done by first preparing an aqueous solution of 

CuSOq, and then by adding TEA to complex the Cu. Complexing was necessary to 

decrease the formation rate of free Cu as compared to ZnTe [10]. Then this complex was 

added to the ZnTe bath to give specific Cu concentrations. An experimental matrix was 

formulated and carried out to investigate Cu atomic % as a function of [Cu] and pH, and 

this is given in Table 3.9.

Table 3.9: Matrix of [Cu] vs. pH for Cu-doping

Cu-doping matrix pH = 3.0 pH = 3.5 pH = 4.0

[Cu] = 10-3 M X-l X-2 X-3

[Cu] = 10-4 M Y-l Y-2 Y-3

[Cu] = 10-5 M Z-l Z-2 Z-3

All depositions were conducted with a constant temperature of 60 °C, constant bath 

volume of 50 ml, and constant anode and cathode surface areas of about 1.5 cm^ 

respectively. Te concentration in the bath was kept constant at 10"4 M. The substrate 

cathode was an as-deposited CdTe film deposited on CdS/SnO/glass; similar to that 

which was used in previous ZnTe depositions. Deposition times for Y and Z trials lasted 

2 hours, while X trials lasted about an hour. With the higher Cu concentration in the X
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trials, the currents were generally 50-75% higher than the Y and Z trials. In an effort to 

keep the film thickness fairly constant, the deposition time was decreased for increasing 

[Cu]. In each case, the current levels decreased with increasing pH and these results are 

summarized here in Table 3.10.

Table 3.10: Results of Average Current Levels for Matrix

1 2 3

X 0.689 mA 0.451 mA 0.400 mA

Y 0.407 mA 0.230 mA 0.210 mA

Z 0.325 mA 0.200 mA 0.175 mA

At higher pH, Te tended to precipitate out therefore decreasing the overall current level.
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3.6 X-Rav Analysis

Initial analysis of the as-deposited films from double and single potential systems 

utilized x-ray diffraction techniques. A Rigaku x-ray diffractometer was used and 

samples were scanned anywhere between 20° and 80° 20, 0.01o-0.05°/step, and 2-4 

sec/step. X-ray diffraction techniques have been documented numerous times so only a 

brief summary follows [19] [20].

A crystal possesses atoms which are arranged in a lattice structure, generally 

having a repeating pattern and very small spaces between atoms (10" 10 m). Also, x-rays 

are electromagnetic waves which have wavelengths on the order of 10'10 rn. Combining 

these ideas together creates a model where the crystal acts as a diffraction grating to the 

incoming x-rays. Thus the incident beam would be scattered by the individual atoms, and 

these scattered waves would interfere similarly to the waves from a diffraction pattern.

If the set of crystal planes has an interplaner spacing (d), and constructive 

interference occurs between the reflected x-rays, then the Bragg Law states: 

nX=2dsin9 (n=l,2,3,...) [19]

where X is the wavelength of the x-ray beam, and 0 is the Bragg angle between the 

sample surface and the diffracted beam. The angle between the incident and reflected 

beam, which is measured by the diffractometer, is 20. Copper acts as the radiation source 

for the diffractometer, and Kcq and Kot2 (1.541 angstroms and 1.544 angstroms 

respectively) are the principal rays used in x-ray studies.
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3.7 SEM/EDXS Analysis

As-deposited samples taken directly from the bath were first dried with N2 gas, 

coated with carbon paint (glass side only) and mounted on plastic platforms within the 

sample holder. The JEOL JXA-840 Scanning Electron Microscope (SEM) was used for 

both SEM and Energy-Dispersive X-Ray Spectroscopy (EDXS) measurements. For both 

types of analysis, the initial parameters set on the microscope were basically the same.

Vacuum pressure was maintained at less than 5 x 10~5 torr by adding liquid 

nitrogen (LN2) to the LN2 cylinder. The exchange rod was attached to the sample holder 

and this was placed in the specimen exchange chamber. The exchange chamber was then 

pumped down and once the indicator light extinguishes, the sample was pushed in the 

chamber and the sample holder was placed on the specimen stage. The exchange rod was 

then removed and the vacuum was released. After setting the scan mode and scan speed, 

the display brightness and display mode, the accelerating voltage was set to 15 kV and a 

CRT waveform was adjusted for maximum peak height. This peak height corresponds to 

saturating the electron gun assembly. The gun was then aligned by using the SE contrast 

and x-y tilt, and the PIC button was depressed to bring up the image of the surface of the 

sample. The magnification was then increased to about 20,000X and the image was 

focused by iteratively adjusting the stigmators and fine focus to produce the clearest 

image. The image magnification was then reduced to around 5000X, and at this point an 

SEM image or EDXS processing data may be produced.
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Chapter 4 

RESULTS

4.1 X-Rav Analysis for ZnTe Depositions

4.1.1 Dual Potential X-Rav Data

Figure 4.1 shows the x-ray scan for sample 080493. The deposition potential varied 

from -450 mV to -200 mV and the substrate was CdS/SnO/Glass. The scan range for 29 

was from 10° to 80°. For the cubic phase of ZnTe to be present a peak should have 

occurred at 25° 29. Peaks 5 and 9 correspond to the hep phases of Te, and peaks 3 and 4 

are the CdS hexagonal phases. Peak 11 shows the existence of tetragonal SnO. Other 

smaller peaks are attributed to weaker phases of these materials. As can be seen, ZnTe 

was not detected at the correct 29.

X-ray data for sample 081393 is given in figure 4.2. The deposition potential was - 

600 mV and the substrate was again CdS/SnO/Glass. Again, peaks 1 and 2 show CdS 

and peak 3 reveals Te. Also shown are the SnO peak and the weaker phases of these 

elements, without ZnTe being present. X-ray data for samples 082993 and 090593 

yielded the same results but are not shown.
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Fig. 4.2: X-ray data for sample 081393. Vdep -  -600 mV and the stir rate was set at 3.
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4.1.2 Single Deposition X-Ray Data

Figure 4.3 shows the x-ray scan for sample 022294. The deposition potential was set 

at -700 mV and the substrate used was CdTe/CdS/SnO/Glass, as in the rest of the trials. 

The scan range for 29 was narrowed down to a maximum of 35° to try to inspect more 

closely the 25° range. The large peak at about 24° corresponds to CdTe, and the peaks at 

26.5° and 27° reflect CdS and Te phases respectively. ZnTe was not detected for this 

sample.

In Figure 4.4, the x-ray data for sample 030194 is shown. The deposition voltage 

was -600 mV and the stir rate was set at 0. A small peak relating to Te is apparent to the 

left of the large CdTe peak. CdS and Te phases can be seen to the right of the CdTe 

peak, but no ZnTe was detected.
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Fig. 4.3: X-ray data for sample 022294. Deposition voltage was -700 mV and the stir rate 
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Fig. 4.4: X-ray data for sample 030194. Vdep = -600 mV and stir rate = 0.
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4.1.3 Short Circuit X-Ray Data

Before any x-ray trials were obtained for the short circuit method, a sample of un

deposited CdTe/CdS/SnO/Glass substrate was scanned for comparison. This is given in 

Figure 4.5. The numbers given above each peak correspond to the d-spacing of the 

elements, and are related as follows: 3.736=CdTe, 3.364=CdS, 3.156=Te, 2.363=Te, 

2.261=CdTe, 1.933=CdS, and 1.776=SnO. Cubic ZnTe from the (111) plane would 

occur at a d-spacing of 3.52.

Figures 4.6-4.9 give the x-ray data for samples 3A-5A respectively. A small ZnTe 

peak can possibly be seen for sample 3 A. Sample 4A shows a strong indication of ZnTe 

being present in the film. Peak 2 in this case corresponds to the (111) peak of cubic 

ZnTe. For sample 5 A, a small peak for ZnTe is shown which is similar to sample 3 A. 

Sample 6A reveals another strong ZnTe peak similar to sample 4A. Both 4A and 6A 

sample were deposited at a pH around 3.0, while samples 3A and 5A were done at a pH 

around 3.3.
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Fig. 4.9: X-ray data for sample 6A. The pH was 3.05.
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4.1.4. Variational Method X-Ray Data

In the first case (sample 5C), x-ray data was obtained. The deposition potential was - 

800 mV and the pH was set at 3.00. The pH remained constant for all these cases. All 

peaks were identified and no definite ZnTe peaks occurred for 5C. Sample 6C was 

deposited at -950 mV and a noticable peak occurs for a d-spacing of 3.531. This shows 

that ZnTe was present at this potential. Sample 6.5C x-ray data reveals a smaller ZnTe 

peak for a potential of -880 mV. This is similar to the peak for a potential of -1000 mV 

in x-ray data for sample 8C . The final x-ray scan was performed on sample 9C which 

was deposited at -975 mV, and this is given in Figure 4.10. In this case, the Te peak is 

absent and the ZnTe is still present and strong. This indicated that depositing at this 

potential might give the best attempt at achieving stoichiometric ZnTe films. For this to 

be valid, Zn peaks would also have to be absent and in this case, none were found.
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4.2 SEM Results for ZnTe Depositions

4.2.1 Undoped ZnTe

SEM analysis was performed on undoped ZnTe samples deposited under the 

variational method. The object was to look at surface morphology as a function of 

deposition voltage. The first analysis was done on an undeposited substrate of 

CdTe/CdS/SnO/Glass. The underlying surface consisted of small, highly compacted 

spherical grains. Larger, semi-spherical grains consisting of the smaller grains can be 

observed on top of this surface. For undoped ZnTe depositions, samples 5C, 6C, 8C and 

9C show a slight change in surface morphology with respect to deposition voltage. From 

-800 mV (sample 5C) to -1000 mV (sample 8C) the larger, semi-spherical grains seem to 

become more spherical with increased negative potential. The actual grain size of the 

larger grains did not seem to be dependent upon deposition potential, and any changes in 

the underlying surface were observed to be negligible. Also, it is very important to note 

here that the composition did not change from the larger grains to the underlying surface. 

This conclusion is based upon EDXS data which will be shown in a later section.
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F i g .  4 .1 2 :  S u r f a c e  o f  s a m p le  5 C . O n e  b ar =  5 . 0 0  m ic r o n s  a n d  V d e p  =  - 8 0 0  m V .  N o t e  
t h e  la c k  o f  s p h e r ic a l  s h a p e  a n d  c o m p a c t n e s s  o f  th e  la r g e r  g r a in s .



T-4750 46

F ig .  4 .1 3 :  S u r f a c e  o f  s a m p le  6 C . O n e  b a r  =  5 .0 0  m ic r o n s  a n d  V d e p  =  - 9 5 0  m V .  A g a i n  
t h e  la r g e r  g r a in s  la c k  a  s p h e r ic a l  s h a p e .

F i g .  4 .1 4 :  S u r f a c e  o f  s a m p le  9 C . O n e  b a r  =  5 .0 0  m ic r o n s  a n d  V d e p  =  - 9 7 5  m V .  L a r g e r  
g r a in s  a r e  s ta r t in g  to  a p p e a r  s p h e r ic a l  a n d  m o r e  c o m p a c t .
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F ig .  4 .1 5 :  S u r f a c e  o f  s a m p le  8 C . O n e  b a r  =  5 .0 0  m ic r o n s  a n d  V d e p  =  - 1 0 0 0  m V .  L a r g e r  
g r a in s  h a v e  e v e n  m o r e  o f  a  s p h e r ic a l  s h a p e .
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4.2.2 Cu-DopedZnTe

Next, SEM photographs were obtained for the samples deposited from the Cu-doped 

deposition matrix. In this case, an attempt was made to relate surface morphology to 

changes in pH and [Cu]. The first photograph taken was on an undeposited surface of 

CdTe/CdS/SnO/Glass. Again, larger spherical grains can be seen on top of a compact 

surface of smaller grains. The surfaces of samples deposited with [Cu] = 10"3 M (X I-3) 

were observed and for sample X-l (pH = 3.0), many larger grains can be seen clustering 

over the underlying surface. At a pH of 3.5 (sample X-2) the lower surface is more 

apparent and the larger grains become more spherical. For sample X-3 (pH = 4.0), the 

grains in the lower surface lose their spherical shape while this attribute for the larger 

grains increases.

Secondly, the samples deposited with [Cu] = 10"4 M were photographed, and the 

grain size for the larger grains was observed to increase from Y-2 (pH = 3.5) to Y-3 (pH 

= 4.0). Note that one bar =10 microns in the photograph of sample Y-3. No noticable 

change could be seen between a pH of 3.0 (sample Y-l) and 3.5 for the larger grains, but 

the underlying surface did become more noticable.

In the last case where [Cu] = 10"^, the same effect was observed as in the prior two 

cases. As the pH increased, the underlying surface first became more apparent (pH = 3.5) 

and then larger grains slightly increased in size (pH = 4.0). The overall effect of 

decreasing [Cu] (from X to Z samples) seemed to be a general increase in the larger grain 

size.
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F ig .  4 .1 6 :  S u r f a c e  o f  u n d e p o s i t e d  s u b s tr a te .

F ig .  4 .1 7 :  S u r f a c e  o f  s a m p le  X - l .  [C u ] =  10"3 M  a n d  p H  =  3 .0 .  O n e  b a r  =  2 . 0 0  m ic r o n s .
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F ig .  4 .1 8 :  S u r f a c e  o f  s a m p le  X - 2 .  [C u ] =  10"3 M  a n d  p H  =  3 .5 .  O n e  b a r  =  2 . 0 0  m ic r o n s .

2-hhh is.»9ku 2,e#k*

Fig. 4.19: Surface of sample X-3. [Cu] = 10'3 M and pH = 4.0. One bar = 2.00 microns.
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F ig .  4 .2 0 :  S u r f a c e  o f  s a m p le  Y - l .  [C u ] =  10"4  M  a n d  p H  =  3 .0 .  O n e  b a r  =  2 . 0 0  m ic r o n s .

Fig. 4.21: Surface of sample Y-2. [Cu] = 10~4 M and pH = 3.5. One bar = 2.00 microns.
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F ig .  4 .2 3 :  S u r f a c e  o f  s a m p le  Z - l .  [C u ] =  10" 5 M  a n d  p H  =  3 .0 .  O n e  b a r  = 1 0 . 0 0
m ic r o n s .
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F ig .  4 .2 4 :  S u r f a c e  o f  s a m p le  Z - 2 .  [C u ] =  1 0 '5  M  a n d  p H  =  3 .5 .  O n e  b a r  = 1 0 . 0 0  
m ic r o n s .

j .

i e . e e i s . e e k v  z . e e k *  

SAMPLK Z-3 Z H-1VK a;i4

Fig. 4.25: Surface of sample Z-3. [Cu] = 10~5 M and pH = 4.0. One bar =10.00
microns.
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4.3 EDXS Data for ZnTe Depositions

EDXS data was obtained for both the Cu-doped deposition matrix samples, and for 

undoped samples deposited under the variational method. Also, the underlying grain 

structure and the larger grains in two different samples (6C and 12C) were isolated to 

compare material composition. Sample 6C was undoped, and 12C was a previously 

unnamed Cu-doped sample deposited prior to the matrix depositions.

Table 4.1 outlines EDXS results for the undoped samples in the variational method. 

Within the table occurs a parameter which accounts for the margin of error in the

atomic % part of the analysis. A value of 1.00 to 2.50 indicates a best fit within 10 % of 

the value reported. Therefore if the yj-  value was below 2.5, and the at. % was 15%, then 

that value would be correct within 1.5% of 15%. All reported values were less than

2.00 so the maximum margin of error is within this 10% range [21]. Sample 6C-1 

corresponds to the underlying area of the surface, and 6C-2 relates to the larger grain 

surface.

Table 4.1 : EDXS Data for Variational Method Depositions.

Sample # Vdep (mV) X 2 at. % Te at. % Zn

5C -800 1.11 55.59 5.16

6C-1 -950 1.71 50.92 21.07

6C-2 -950 1.24 55.79 22.90

8C -1000 1.19 49.86 12.69

9C -975 1.21 49.94 13.56
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The only information gained from this analysis was that a maximum at. % Zn seemed to 

occur at -950 mV, and the at. % Zn varied little between the two areas of sample 6C. The 

at. % Te increased slightly in the larger grain, but the importance of this is unknown at 

this time. Unfortunately the values of atomic % Te are indicative of not only the ZnTe 

surface, but also the CdTe substrate. This is because the penetration depth of the beam is 

greater than the thickness of the ZnTe films. Therefore, no conclusions of stoichiometry 

can be made from this analysis.

Next, EDXS data were obtained for the Cu-doped matrix samples. Table 4.2 outlines 

the results for these tests. Not shown in the table is the fact that in samples Z-l and Z-3 a 

significant amount of chlorine was detected. For sample Z-l, the at. % Cl was 3.26 % 

and for sample Z-3, the at. % was 5.47 %. There are some curiosities in these data such 

as: no Zn was detected for sample X-2; a very large increase in at. % Cu occured for 

sample X-3; the at. % Zn decreased for increasing pH in Y and Z trials, but not for X; 

the at. % Cu generally increases with the highest pH in X and Y trials, but not for Z. One 

not so surprising result is that the at. % Cu has an overall average increase with 

increasing [Cu] in the bath. Again, [Cu] was 10"- for X, 10"4 for Y, and 10"5 for Z 

samples. A discussion of these results will be presented in a later section.



T-4750

Table 4.2: EDXS Data for Cu-Doped Matrix Depositions.

Sample # X2 at. % Te at. % Zn at. % Cu

X-l 1.13 47.79 3.55 10.68

X-2 1.44 48.10 0.00 9.12

X-3 1.30 23.45 3.81 54.31

Y-l 1.62 57.16 11.59 2.95

Y-2 1.50 51.76 3.45 4.33

Y-3 1.01 48.37 4.77 6.07

Z-l 1.03 42.41 29.81 2.06

Z-2 1.17 49.26 12.03 2.36

Z-3 1.27 45.63 7.31 1.68
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Chapter 5 

DISCUSSION

5.1 Discussion of the X-Ray Results

X-ray data for the samples deposited with the dual potential method revealed that 

ZnTe was not present on the surface of these films. The use of a Te anode might have 

introduced a large amount of Te ions into the bath, thus causing the large current levels. 

Saturation was not observed during the reported depositions, but this could have been a 

factor as to why Te peaks and not Zn peaks were observed in the x-ray data. Also the use 

of a Pt mesh for the Zn ion producing anode may not have overcome the free energy for 

ZnTe formation.

In the case of the single potential x-ray data, ZnTe peaks were again absent in the 

results. Solid Te was directly dissolved in the bath thus controlling the amount of Te 

ions, but again a Pt mesh was used to produce Zn ions in the bath. The pH was set to 2.9 

for sample 022294, which relates to the pH values used in the galvanic and variational 

methods where ZnTe peaks were produced.. The only difference between the variational 

method and the single potential system, besides the smaller scale of the bath, was the use 

of a Zn anode as opposed to a Pt mesh.

Unlike the first two deposition techniques, the short circuit deposition method did 

produce ZnTe peaks in the x-ray data. The relative strengths of the (111) ZnTe peaks 

seemed to relate to variations in the pH in that, as pH increased, peak height decreased. 

The most likely reason for this is that as pH increases, Te begins to precipitate out in the
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bath. Since [Te] limits the growth of ZnTe films in an electrochemical bath, the peak 

height would decrease as [Te] decreases with respect to precipitate formation.

The last discussion of x-ray analysis concerns samples deposited under the 

variational method. The pH was kept constant for all these samples but the deposition 

potential varied. Peak heights generally reached a maximum for -950 mV, but more 

importantly the excess Te phase was absent at this deposition potential. Essentially this 

procedure to find the optimum potential involved an empirical approach to discover the 

knee of a voltammogram for the bath. Further investigation of this approach should be 

attempted in the future to refine these deposition parameters.

Overall, x-ray analysis proved useful in finding an adequate deposition method for 

producing ZnTe films. It was a quick way to determine whether or not these techniques 

were successful at creating a ZnTe phase in the deposited thin film. X-ray analysis 

revealed an alternate method for depositing these films which may lead to a more 

economical system for applying p-type, ZnTe back contact materials for CdTe based 

solar cells.
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5.2 Discussion of the SEM Results

5.2.1 Undoped ZnTe Samples

SEM photographs obtained for the undoped ZnTe samples, deposited under the 

variational method, revealed some information about the relation of deposition potential 

to surface morphology. As deposition potential became more negative, the shape of the 

larger grains became more spherical. This might indicate an increase in the 

compositional ordering of the grains, thus leading to better stoichiometry of the ZnTe 

films. This would also correlate to the x-ray data which showed a ZnTe peak height 

increasing with increased deposition potential.

SEM data for these films did not yield any other significant information about the 

surface structure. The quality of the photographs and the microscope techniques in 

general have room for improvement, and may reveal more about the effect of deposition 

voltage on ZnTe grain properties.

5.2.2 Cu-Doped ZnTe Samples

As the pH increased in the highest [Cu] samples, larger grains became more spherical 

while the lower surface lost its spherical nature. This attribute was observed for the full 

range of [Cu]. Overall, as [Cu] decreased, the larger grain size increased. The relevance 

of this information to the material properties of ZnTe films is not yet known.
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5.3 Discussion of the EDXS Results

5.3.1 Variational Method Samples

EDXS results for samples deposited under the variational method reveal that the at.

% Zn was maximized for a deposition voltage of -950 mV. Another result from this data 

showed that the at. % Te has a minimum at a deposition voltage of -1000 mV. Between 

these two cases an ideal deposition potential may arise for preparing stoichiometric ZnTe 

films. As was noted in the discussion of the x-ray data, the excess Te phase was not 

present for a deposition potential of -975 mV which would indicate an increase in 

stoichiometry.

EDXS data obtained for the two different surface topologies of sample 6C indicated 

that the composition varied a small amount with respect to at. % Te. This type of surface 

topology for the ZnTe film, which is very similar to the undeposited CdTe surface, 

indicates that the material deposits on not only the underlying surface of the CdTe film, 

but also on top of the larger grains of CdTe.

5.3.2 Cu-Doped Matrix Samples

Composition data for a variety of Cu-doped ZnTe samples showed some peculiarities 

in regard to deposition parameters. In the highest [Cu] region, a pH of 4.0 yielded a high 

54.31 at. % Cu and a low 23.45 at. % Te for the film. This may have just been a local 

anomaly, but it did reveal that a high pH would cause a larger amount of Cu to deposit on 

the film. The fact that no Zn was reported for a pH of 3.5 may have been due to an 

electrical problem during that particular deposition, but the true nature of this occurrence 

was unknown. Overall the analysis showed that the highest [Cu] generated the highest 

average at. % Cu, and this was expected.
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For the next lowest [Cu] range the at. % Zn had a maximum for the lowest pH, and 

the at. % Cu had a minimum for the same sample (Y-l). As the pH increased, the at. % 

Cu increased which may be explained in terms of the at. % Te decreasing. Since at 

higher pH the Te precipitates out into solution, excess Cu may have been able to deposit 

in its place on the film.

In the final case where [Cu] was at the lowest value, a certain percentage of Cl atoms 

were detected for a pH of 3.0 and 4.0 (Z-l and Z-3 respectively). None were present for a 

pH of 3.5 though, and this has gone without explanation. Even throughout this thesis Cl 

atoms have never been detected with EDXS, so their presence here was unexpected. In 

terms of the unexpected, a minimum for at. % Cu occurred for the highest pH which does 

not match the trends exhibited for the first two sets of [Cu] data (X and Y trials). The 

presence of Cl might have affected this since it was not present for the first two sets of 

data either. The most important reason to analyze the EDXS data in this section was to 

find an optimum pH and [Cu]. The right combination should result in a maximum at. % 

Zn and a minimum at. % Cu, and this occurs for sample Y-l (pH = 3.0 and [Cu] = 10"4 

M). Actually sample Z-l exhibited slightly better results, but it also contained Cl atoms 

in the film so Y-l is probably a better choice.
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Chapter 6 

CONCLUSIONS

The most promising ZnTe thin films produced in this research were deposited by 

using the variational method of electrodeposition. A pH of 3.0 and a deposition potential 

of -975 mV were shown to be the best deposition parameters through x-ray, SEM and 

EDXS results. Use of a Zn anode as opposed to a Pt mesh was found to first produce 

ZnTe films. The effect on producing these films in terms of changing the bath volume 

was not investigated, but there was nothing to suggest that the variational method could 

not be scaled up to accommodate larger substrates and Zn anodes. With respect to Cu- 

doping, the best [Cu] was found to be 10"4 M through EDXS data.

Much effort was given to determine the optimum deposition method. Much of the 

analysis on ZnTe films produced with this optimum method is unfinished. Further work 

in this area should include: 1) testing of the electrical properties of these films deposited 

with the variational method; 2) closer analysis of the range of deposition potentials 

between -950 mV and -1000 mV to produce the optimum compositional data through 

EDXS data; 3) annealing of these films to examine structural changes through SEM 

photographs. I believe that this analysis will lead to a quality, cost effective Cu-doped p- 

type ZnTe back contact for CdS/CdTe solar cells.
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