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ABSTRACT To remove the Cu secondary phase remaining on the surface of a CIGSSe absorber layer manufactured by the two-step
process, KCN etching was applied before depositing the CdS buffer layer. In addition, it was possible to increase the conversion
efficiency by air annealing after forming the CdS buffer layer. In this study, various pre-treatment/post-treatment conditions
wereapplied to the S-containing CIGSSe absorber layerbefore and after formation of the CdS buffer layer to experimentally confirm
whether similareffects as those of Se-terminated CIGSe were exhibited. Contrary to expectations, it was noted that CdS air annealing
had negative effects.

Key words KCN etching(KCN ©f| &), Air annealing(37] ©]'d %), Chemical bath deposition(-& Y 4] % 1), Buffer layer(H 1 ),
CdS, CIGSSe

Nomenclature SCR: space charge region, um

. E. :activation energy, eV
Voc : open-circuit voltage, V ‘ 24

Jsc : currnet density, mA/cm’

FF : fill factor, % SUbSCI’Ipt
Rq : shunt resistance, ohmem® CIGSSe : Cu(In,Ga)(S,Se).
R, : series resistance, ohmem® CIGSe : Cu(In,Ga)Se:
Eff : efficiency, % CBD  : chemical bath deposition
S : sulfur
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KCN of& & CdS

I-V-T : current-voltage-temperature

CFT : capacitance frequency temperature
Ec  :conduction band energy

Ev  :valence band energy

Er  :efrmi level energy
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Table 1, Pre—/Post—treatment conditions of devices for S—
containing CIGSSe and S—free CIGSe

Device | group S A S B SC

Device II group Se A Se B Se C

Pre—treatment | KCN etching X X

Post—treatment | Air annealing | Air annealing X
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Fig. 1. (a) 1=V curves (b) The doping profile extracted from
the 1/02—V curve measured in dark of devices for
S—terminated CIGSSe
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Fig. 2. (a) External quantum efficiency and (b) the deter—
mination of the bandgap energies of devices for
S—terminated CIGSSe

Table 2. Current—Voltage (I-V), Capacitance—Voltage (C-V)
characteristics of devices for S—terminated CIGSSe

Device S A SB SC
Voe (V) 0.655 0.656 0.652
Jsc (mA/em’) 35.84 36,23 36.02
FF (%) 65.19 63.31 69.22
Eff (%) 15.30 15.05 16,26
Ren (ohmem?) 11895 16269 10663
R. (ochmem’) 19,91 19,17 1.72
SCR (um) 0.34 0.32 0.32
H(zi‘fs;icfglg 6.66 7.9 8.82
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Table 3. The activation energy deduced by VOC extrapolation
to T=0K and back contact barrier deduced by tem—
perature dependence of the light series resistance
of devices for S—terminated CIGSSe

Device S A SB S.©C
Activation energy 115 191 120
(eV)

Back contact

1 1
barrier (eV) 0.3 0.33 0.13
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for determination of blocking contact barrier of devices
for S—terminated CIGSSe
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Table 5. Current—Voltage (I-V), Capacitance—Voltage (C—V)
characteristics of devices for Se—terminated CIGSe
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Fig. 6. (a) External quantum efficiency and (b) the deter—
mination of the bandgap energies of devices for
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Fig. 7. (a) Temperature dependence voltage curves and (b)
temperature dependence of the light series resistance
for determination of blocking contact barrier of devices
for Se—terminated CIGSe
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