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ABSTRACT

The wide band gap semiconductors In203 and
Sn02 have received a great deal of attention owing to
their property of simultaneous occurrence of optical
transparency and electrical conductivity. These semicon-
ductors show high transmission in the visible region.
They are n-type materials and the electron concentration
in the conduction band primarily arises from the lack of
stoichiometry , produced by the de{ iciency of oxygen.
The difference in the work function of SnOZ, InZD3 and
that of n-Si, gives rise to a barrier at the interface.
These properties make these oxide semiconductors suitable
as a top conducting layer in SIS Si solar cells.

Films of InZOB:Sn, 10 wt.% Sn, were deposited
by spray pyrolysis at a substrate temperature of 450°C.
The dependence of Hall mobility, conductivity and crysta-
llinity on the thickness of Inp03:5n films was studied.
These studies showed that the Hall mobility and conducti-
vity increased with the increase in film thickness and
saturated after a thickness of 500 nm. A further increase
in the film thickness reduced the optical transmission.

Scanning electron micrographs and x-ray diffraction patterns

revealed that thicker films had better crystallinity.
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The 600 nm thick film had the mobility of about

-4 2.,-1 -1 4

36X10 m"V “s and conductivity of about 37X10 jfl

m_l.
It was conoluded.that the optimum thickness of InZOB:Sn
films prepared by spray pyrolysis is about 500 nm. It
was also concluded that in thicker films, ionized
impurity scattering mechanism was predominant.

The chemical vapour deposition (CVD) apparatus,
for the deposition of SnOZ:F films was fabricated in our
laboratory. A double temperature zone furnace was made
by winding two independent heating elements on a quartz
tube. The temperature of the furnace was controlled
by electronic temperature controllers. The heating
element was also wound on the bubbler and the connecting
tubes, to prevent the condensation of vapours. SnCla.SHZO
was used as the source material and 48% HF (electronic
grade) as the doping material. Very pure oxygen gas was
used as the carrier gas and as oxidising agent. Doping
of F was done by mixing required amounts of HF in molten
stannic chloride. A constant temperature zone, in the
middle of the furnace, was maintained at a required
tempefature. The temperature of the bubbler cantaining
stannic chloride and HF was maintained at 200°C. A

flowmeter was used between the oxygen cylinder and the

bubbler to know the flow rate of the carrier gas.
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A number of samples of SnUziF films on
glass and quartz substrates were prepared at rough
optimum doping level of fluorine and various substrate
temperatures and oxygen flow rates. The best figure
of merit decided the optimum substrate temperature
of 350°C and an optimum oxygen flow rate of about 2.5
lit.min~t.  The final optimum doping level of fluorine
was found out to be 1.02 wt.%, for the samples of
SnOZ:F films, having the best figure of merit, maximum
optical transmission of 83% and minimum sheet resistance
of 6_(L/[j A. The carrier concentration and Hall

mobility also attained a maximum value of ~ 3X10 26 m_3

and ~ 29%10"%m?Zy=3s! respectively at 1.02 wt.% of F.
Scanning electron micrographs also revealed that crys-

tallinity of the films deteriorated for doping level
other than the optimum doping level. X-ray diffraction
patterns revealed that the films deposited with
optimum doping level did not show a preferred orientation
while the films of doping level other than the optimum
doping level had preferred orientation. The optical
studies gave a direct band gap of about 4.29 eV and an
indirect band gap of about 2.7 eV.

The dependence of Hall mobility and conduc-

tivity on the thickness of films was studied. The

optimum thickness of SnUZ:F films for maximum mobility
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and conductivity was found ocut to be about 900 nm,
The pure SnD2 films and SnOz:F films
deposited under optimum conditions were subjected tg
annealing studies in oxygen and nitrogen atmosphere.
These studies revealed that the resistivity of pure
SnO2 films varied a lot with annealing time while the
resistivity of SnOZ:F films remained constant. This

behaviour proved that SnOZ:F films were much more

stable than pure Sn02 films,

n+5n02:F/n~Si (poly) SIS solar cells were
prepared by CVD. Prior to the deposition of SnOZ:F
films on Si, a back contact was made by electroplating
of nickel. A thin insulating layer was then grown

thermally on Si and Sn0,:F films were deposited by the

2
CVD apparatus. The front contacts were made by evaporat-
ing silver through a metal mask. The dark I-V chéracte-
ristics revealed that the dominant current transport
mechanism was multistep tunnelling and C_Z vs V curve
showed that the junction was abrupt. The best cell
displayed V_ = 0.505V, J__ = 240 Amp./mz, F.F. = 0.61
and Y\ = 9.2% under 800 W/m2 insolation.

The spectral response (relative) was also
high in a wide range of wavelengths and was better in

the high energy region as compared to that of a p-n

homojunction Si solar cell.
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The thermal stress studies showed that

n+Sn02:F/n~Si (poly) solar cells were more stable

than SnUZ/n~Si solar cells.



(1]

TABLE OF CONTENTS

CHAPTER I INTRODUCTION Page No.
1.1 The Sun 1
1.2 Photovoltaic Effect 3
1.3 Photovoltaic Systems 5
1.4 Window Materials and Deposition
Techniques 11
1.4.1 Sputtering 12
1.4.2 Reactive Ion Plating 14
1.4.3 Evéporation 15
1.4.4 Spray Pyrolysis . 16
1.4.5 Chemical Vapour Deposition 17
1.5 Thin Films of Indium Oxide 20
1.6 Thin Films of Tin Oxide 24
1.7 Semiconductor-Insulator-Semiconductor
Structures 30
1.8 Aim of the Present Thesis 37
CHAPTER II THEORETICAL BACKGROUND
2.1 Structure of Tin Oxide 40
2.2 Structure of Indium Oxide 42
2.3 Effect of Fluorine Doping in Tin
Oxide Films 42
2.4 Optical Absorption Co-efficient 44
2.5 Scattering Mechanism of Free Carriers 46

2.6 Fiqure of Merit 47



(xi1]

2.7 n'Sn0,/5i0, /n-Si Structure

2.8 Solar Cell Parameters

2.9 Effect of Insulator Layer

2.10 Spectral Response

2,11 C - V Characteristics

2.12 Distributed Resistance

2.13 Antireflection Behaviour of SnO
Layers Z

CHAPTER III EXPERIMENTAL METHODS

3.1 Fabrication of a CVD Apparatus

3.2 Deposition of Fluorine Doped Tin
Oxide Films

3.3 Spray Set-up

3.4 Deposition of Tin Doped Indium Oxide
Films

3.5 Resistivity Measurements
3.5.1 7Two Probe Method
3.5.2 Llinear four Point Probe Method

3.6 Hall Effect Measurements

3.7 Measurement of Absorption Co-efficient

3.8 Measurement of Film Thickness

3.9 Scanning Electron Microscopy -

3,10 X-Ray Diffractography

3.11 Annealing of Films

3.12 Electroplating of Nickel on Unpolished

poly Si and Polishing of poly Si
Wafers

49
54
55
57
59

60

61

62

70

71

73
73
74
74

75

79
79
79

79

80



3.13
3.14
3.15
3.16
3.17

3.18

CHAPTER

[xii]

Ellipsometric Measurements
Solar Cell Fabrication

I - V Measurements

C - V Measurements

Spectral Response Measurements

Thermal Stress Effects Measurements

IV RESULTS AND DISCUSSION

4.1

In,0,:5n Films

n,0:
4,1.,1 Conclusion

SnOZ:F Films

4.2.1 Effect of Oxygen Flow Rate and
Substrate Temperature

4.,2.2 Effect of Doping Concentration

4.2.3 Determination of Band Gaps of
Films Deposited at Optimum
conditions

4.2.4 Dependence of Electrical and
Structural Properties of
SnOZ:F Films on Film Thickness

4.2.5 Annealing of Pure and Doped
Films

4.2.6 Conclusion

n+Sn02:F/n—Si (poly) Isotype SIS
Solar“Cells

4,3.1 Dark Current-Voltage
Characteristics

4,3,2 Light Current-Voltage
Characteristics

83
84
B4
88
88

89

90
102

103

105

107

117

117

122

131

134

135

136



(x1v]

4,3.3 Capacitance-Voltage Character-
istics

4,3.4 Spectral Response
4,3.5 Effect of Thermal Stress

4.5.6 Conclusion

CHAPTER V SUMMARY AND CONCLUSIONS

5.1 In203:8n Films Deposited by Spray
Pyrolysis

5.2 SnOZ:F Films by Chemical Vapour

Deposition

5.3 n+Sn02:F/n-Si (poly) SIS Solar Cells

REFERENCES

140
143
145

150

152

153

155

158



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

