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ABSTRACT

Characteristics of Amorphous CuSes Thin Films

for Absorption Layer in Thin Film Solar Cells

Jeon, Ji Eun
Advisor : Prof. Lee, Woo—Sun, Ph D.
Department of Electrical Engineering

Graduate School of Chosun University

Laser—induced doping of amorphous copper diselenide (a —CuSey)
thin film with gallium (Ga) and indium (In) was performed to
control/improve their electrical and optical properties. The CuSe. thin
films sputtering—deposited wusing a CuSe: alloy target were
amorphous and remained amorphous after doping with Ga/In.

Doping of group—Ill—elements enhanced the absorption ability of
the @ —CuSe. thin films in the near—infrared spectral regions (800 —
1500 nm). The insufficient laser—irradiation time to Ga attributed the
non—uniform distribution of Ga content around the surface of the «
—CuSe: thin films, which prevented the incident light from transiting
through the thin film, particularly in the visible spectral region
(400—800 nm).

Consequently, the absorption coefficient increased with the
non—uniformly distributed specimen in the visible and near—infrared

spectral regions, which improved the mean absorbance of the @«



—CuSe; thin films from 1.03 to 1.66 by decreasing the optical band
gap energy from 2.50 to 2.10 eV in the same spectral region. The
resistivity, carrier concentration and carrier mobility of the @ —CuSes
thin films were in 3.76x10"' — 3.83x10°Q-cm, 1.41x10%

2.00x10%" cm™ and 9.9 — 19.4 cm?®/Vs, respectively, regardless of
doping, making these films suitable as a wide spectral range

absorber layer in photovoltaic applications.
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f. RF vl EE A2HEH (RF Magnetron Sputtering)
nfIEE A¥E Y (Magnetron Sputtering) ©|# WA E Zg=nlE o 44}
Aol A A= A (flux) ol 2Jal JAxlete 7]ghe] duA 7] PHos 19

73} Zrk

Matching | | Pump

RF power Box EN @
Rotary
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Fig. 7 Schematic Diagram of RF Magnetron Sputtering

Fig. 8 A Picture of Plasma Formed in RF Magnetron Sputtering by
Selective Strengthening of the Magnetic Field at the Target
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Table. 1 Process Parameters of Sputtering for Ga / In and CuSe:

Substrate 2x2cm” Glass
Pre—Sputtering Time 5 minutes
Ar Gas Flow Rate 20 sccm
CuSe2, Ga 35 watts
RF Power
In 20 watts
Base Pressure 1.0X10-6 Torr
Vacuum Pressure 7.5X10-3 Torr
Substrate Temperature 20T
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Fig. 10 XRD(X-ray Diffraction) Equipment
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Fig. 11 X-ray Diffraction to Determine
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Fig. 12 XRD Patterns of the Laser—induced Doping of Ga / In into

CuSes Thin Films at Different Laser—irradiation Time Ratios for Ga :@ In
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2. AES =32 £3F o —CuSe; ¥19 &3 24
Ga/In® =3 AEZ+ E=3¥ CuSep v 719 133 #2 Perkin—Elmer
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Fig. 13 AES(Auger Electron Spectroscopy) Equipment
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| (@) CuSe, + Ga (1 min) + In (11 min)
60 L Se

50 |-

Atomic Concentration [%]

12 13 14 15 16 17 18 19 20

Sputtering Time [minute]

Fig. 14 AES depth Profile of the Ga / In Doped @ —CuSe: Thin Films
at the Different Laser—irradiation Time Ratio

for Ga : In of (@) 1 : 11 Minute
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| (b) CuSe, + Ga (6 min) + In (6 min)

60 [ Se

Atomic Concentration [%)]

12 13 14 15 16 17 18 19 20
Sputtering Time [minute]

Fig. 15 AES depth profile of the Ga / In Doped @ —CuSes Thin Films
at the Different Laser—irradiation Time Ratio

for Ga : In of (b) 6 : 6 minute
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Fig. 16 AES depth profile of the Ga / In Doped @ —CuSe: Thin Films
at the Different Laser—irradiation Time Ratio

for Ga : In of (¢) 11 : 1 Minute
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(a) CuSe, + Ga (1 min) + In (11 min)
(b) CuSe, + Ga (6 min) + In (6 min)
(c) CuSe, + Ga (11 min) + In (1 min) )
— 15 F (d) CuSe,
E Mean Transmittance (b)
3 (400 - 800 nm)
= (@) 1.76
£ 10F (b)5.89
g (c) 5.20
@ (d)3.92
o
= 5| (a)
0 A A e n [ 2 2 2 2 1 2 2 2 2 1 2 2 2 2
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Wavelength [nm]

Fig. 18 Optical Transmittances of the @ —CuSes Thin Films in the
400 - 800 nm Range with Different Laser—irradiation Time Ratios

for Ga : In
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L (a) CuSe, + Ga (1 min) + In (11 min)
60 L (b) CuSe, + Ga (6 min) + In (6 min)
| (c) CuSe, + Ga (11 min) + In (1 min)
o\: soL (d) CuSe,
2 | Mean Transmittance
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Fig. 19 Optical Transmittances of the @ —CuSez Thin Films in the
400 - 1500 nm Range with Different Laser—irradiation Time Ratios
for Ga : In
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3.0x10"

(a) CuSe, + Ga (1 min) + In (11 min)

. (b) CuSe, + Ga (6 min) + In (6 min)

2.5x10 (c) CuSe, + Ga (11 min) + In (1 min)
— (d) CuSe,

2.0x10*
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1.0x10*

5.0x10°

Absorption Coefficient o. [cm™]
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0.0 s N
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Fig. 20 Absorption Coefficients of the ¢ —CuSes Thin Films,
(d) As—deposited (Undoped) and Doped with Ga / In at a the
Laser—irradiation Time Ratios for Ga : In of (a) 1 : 11,

(b) 6 : 6 and (c) 11 : 1 Minutes
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17 r 400 - 1500 nm
"I (a) cuse, + Ga (1 min) + In (11 min) 1.66
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Fig. 21 Mean Absorbance of the @ —CuSeg Thin Films,
(d) As—deposited (Undoped) and Doped with Ga / In at a the
Laser—irradiation Time Ratios for Ga : In of (a) 1 : 11,

(b) 6 : 6 and (c) 11 : 1 Minutes
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Fig. 22 Tauc Plot of (@¢h)? vs. Photonen Energy(h ) of the
a —CuSe, Thin Films with Different Laser—irradiation Time Ratios for
Ga :Inof (@ 1:11, (b) 6 :6 and (¢c) 11 : 1 Minutes as along with
that of the (d) As—deposited (Undoped) Thin Film
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Fig. 23 Optical Band Gap Energies of the @ —CuSey Thin Films with
Different Laser—irradiation Time Ratios for Ga : In of (a) 1 : 11,
(b) 6 : 6 and (¢) 11 : 1 Minutes as along with that of the
(d) As—deposited (Undoped) Thin Film
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Fig. 25 Carrier Concentration, Resistivity and Carrier Mobility of the
a —CuSe, thin Films with Different Laser—irradiation Time Ratios

for Ga : In
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