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Introduction

CIS/CIGS thin film based solar cells are the most promising renewable energy source 
because of their relatively high solar efficiency and stabilitybecause of  their relatively high solar efficiency and stability. 
Single crystal Si cells need more material to absorb light due to its indirect band gap.
In CIS the defect mechanisms makes it a direct semiconducting materials and no doping is 
neededneeded.

Presently CIGS cells have achieved a maximum efficiency of 20.3% [1].

A typical cell CIS/CIGS structure is in the form of a heterojunction.yp j
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The first published report of a CuInSe2 thin film was by the R.D Tomlinson  group at 
the University of Salford in 1974 [2]

Introduction

the University of Salford in 1974 [2].
Films of CIS are generally made by multi-step processes

My work has been focussed on a  SINGLE STEP process which can deposit films 
ithwith.

Nearly stoichiometric ratio. 
p-type characteristics.
No secondary phases.
No additional substrate heating for crystallisation.
Less material wastage.
No carbon, oxygen, chlorine etc. contamination.

This work reports such a single step deposition process for nearly stoichiometric p-type 
CIS layers and also for the other component layers of a cell using Pulsed D.C Magnetron 

No carbon, oxygen, chlorine etc. contamination.

y p y g g
Sputtering (PDMS) from powder targets.
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Materials Deposited

1 Molybdenum (back contact)1. Molybdenum (back contact)

2. Copper indium diselenide (absorber layer)

3. Indium sulphide (buffer layer)

4. Indium oxide (Transparent Conductive Oxide layer)
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Sputtered in argon atmosphere 
from commercial Mo powder.

Films sputtered at different 
substrate temperatures

Molybdenum Films
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XRD of Mo Films
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Strain Analysis of Mo Films
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Resistivity Analysis of Mo Films
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SEM and AFM Studies of Mo Films

No heating

SEM AFM

g
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S tt d i t hSputtered in argon atmosphere 
from our CuInSe2 powder.

Films sputtered from CIS powder s sputte ed o C S po de
with different compositions

C I di Di l id FilCopper Indium Diselenide Films
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CuInSe2 Crystal Growth
Selenium, Indium and Copper

inside quartz tube before sealing
CuInSe2 inside ampoule after direct fusion

CuInSe2 polycrystalline ingots
CuInSe2 powder
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XRD of CuInSe2 Films

Deposition Parameters
 

12
)

Pressure : 7.5x10-3 mbar
Mode : Constant Current (0.12A
Frequency : 130 kHz
Pulse off Time : 1.0 µs
Distance : 10 cm

CIST116 (3
01

)
(2

20
/2

04
)(1

(1
16

/3
12

)

5 % extra In
CIST115

CIST114

CIST113si
ty

 (a
rb

 . 
un

it)

5 % extra Se
(21.54:24.29:54.17)

(20.53:27.97:51.50)

CIST111

CIST112

In
te

ns

Nearly stoichiometric powder
(23.03:23.32:53.66)

( )

Preferred (112) 
orientation
Single Phase

10 20 30 40 50 60

CIST104

CIST105

In rich powder (19.95 : 34 .10 : 45.95 )

g
No heating !!

10 20 30 40 50 60

2θ

11
Reference
S.Karthikeyan et al, Thin Solid Films, 2011, 519; pp.3107 -3112



Ternary Diagram of CuInSe2 Films and Powder
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Optical Studies of CuInSe2 Films
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Sputtered in argon atmosphere 
from commercial In2S3 powder.

Films sputtered at differentFilms sputtered at different 
substrate temperatures

I di S l hid FilIndium Sulphide Films
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XRD f I S FilXRD of In2S3Films

Deposition Parameters
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1.0

Optical and AFM studies of In2S3 Films
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Reactive sputtered in oxygen andReactive sputtered in oxygen and 
argon atmosphere from 
commercial In2O3 powder.

Fil tt d t diff tFilms sputtered at different 
oxygen flow rates with no 
additional heating

Indium Oxide Films

17



In2O3 Films
Deposition Parameters

Pressure : 4.0x10-3 PaX-ray diffraction spectra
Mode : Constant Power (60W)
Frequency : 60 kHz
Pulse off Time : 0.5 µs
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Resistivity of In2O3 Films
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Optical Properties of In2O3 Films
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AFM of In2O3 Films
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Conclusion

The possibilities of pulsed d c magnetron sputtering for the deposition of MoThe possibilities of pulsed d.c magnetron sputtering for the deposition of Mo, 
CuInSe2 In2S3 and In2O3 films from powdered targets were studied. 

The analysis showed that these PDMS grown films can be used for solar cell 
applicationsapplications.

The most surprising outcome is the  nearly stoichometric nature of the CIS films 
largely irrespective of the starting composition of the material

i l h d fil d d i h i i h hSingle phase CIS and In2S3 films were produced using PDMS technique without the 
aid of additional substrate heating.

Films grown from this single step process can cut down the cost and also the 
d l i i h h i l b i d i h hdangerous selenisation processes that have previously been associated with the 
production of high efficiency CIS solar cells.
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Pulsed D.C. Magnetron Sputtering System
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SEM and AFM CuInSe2 Films
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