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Classification of solar cells

Single crystalline

- Crystalline -I:

— Silicon AI: Polycrystalline
Thin Films

Single crystalline — GaAs, InP
Solar cells—+ Compounds AI:
Polycrystalline = CIGS, CdTe

— Dye-sensitized
— Organic Organic Thin Films
— Hybrid — Perovskite

CIGS: Culn,_ Ga,Se,
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Elemental
semiconductor

Binary compound
semiconductor

Ternary compound
semiconductor

What is CIGS?

IV
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Vi

Vi
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I,

VI

Si, Ge

GaAs, GaN, InP

ZnSe, CdTe, ZnO

CulnSe,, AgGas,

Cu(In, Ga)Se,,
Ag(In, Ga)Se,
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Schematic structure of CIGS solar cells

Zn0O
(TCO)

Zn(0O,S), or CdS Total
(N-type) - thickness is
CIGS about 5 um.
(P-type) 3kW CIGS module

(n=15%, 20m?)

Mo electrode
- Cu: 43¢, In: 49g,
Ga: 209, Se:112¢g

"3kW Crystalline Si module

Soda lime glass
substrate *Solar Frontier: SFK190-S Si:15kg

Low-cost and Resource Saving
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Conversion efficiency of CIGS solar cells

World Record:

Detailed Balance Limit
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Bandgap Energy (eV) *J. Chantana, et al. JAP 114 (2013) 084501.
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Glass Sub.

Vacuum pump
Heater

* « Molecular
T o

* beam

UHV
(107~10"[Pa])

Heating

Molecular Beam Deposition

1ststage: In, Ga, Se
2"d stage: Cu, Se
3 stage: In, Ga, Se
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Temperature (°C)
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The 3-stage evaporation of CIGS

Stoichiometric point

Pyrometer \/\
”/\ JANEIV A\
~w N,/ \J
1st Stage 2nd Stage 3rd Stage
Growth Time

1st stage: (In,Ga),Se,
2"d stage: Cu(In,Ga)Se, + Cu,Se
3'd stage: Cu(In,Ga)Se, + Cu(In,Ga),Se;
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Cu-In-Se system

Se 1000}
90042
p-Culn;Ses In,Se, 800
O 700
° .
g o _Curich
Cu,Se g 500
2 E Y ‘,p> =) CIS + CUZSe
a-CulnSe, 400} Cu,Se(HT)
s00f | P -
o+
200} Cu,Se(RT\
Cu In I
T2 25 30 35
1st stage: In,Se, at. % Cu
d .
2" stage: Cumsez + CUZSe *Godecke, Haalboom, Ernst, Zeitschrift
3'd stage: CulnSe, + Culn;Seg fir metalkunde, 2000. 91: p.622-662
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16x10*

Covalent bond

Cu+Cs counts (counts/s)

0.5 1.0 1.5 2.0 2.5 3.00
. Depth (um)
lonic bond 45
Cu
@® In, Ga
O Se
Grain boundary MoSe,/MoQ, O Alkali metals
Vile « Cu vacancies are shallow acceptors.
« Na ions suppress incorporation of In
atoms into Cu vacancies.
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Variety of research on CIGS at AIST

CIGS solar cell Flexible submodule
(Glass sub.) (Film sub.)
'_--’7‘% oy R TOYOTA i asmzsu 5

18.6%
(85mm x 80mm)

Flexible submodule

CIGS submodule ( Stainless-steel sub.)
(Glass sub.)
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45T High radiation tolerance of CIGS (JAXA group)

InGaP/GaAs dual-junction cell CIGS solar cell
I
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The radiation response of solar cells was demonstrated by
Mission Demonstration-test Satellite No.1(MDS-1) “Tsubasa”.

*M. Imaizumi, et al, Prog. Photovolt: Res. Appl. 13, 529-543 (2005).
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=AIsT Radiation tolerance of solar cells
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CIGS solar cell, Proton irradiation

CIGS solar cells

Al Grid

MgF, 1110 nm

Al-doped ZnO
350 nm

I-Zn0O 60 Nnm

CdS 30 nm

CIGS (MBD) 2 um

Mo (Sputter) 0.8 um

Soda Lime Glass
1.1 mm

O CYRIC in Tohoku Univ.

O AVF Cyclotron

O 70 MeV proton at -15°C

O Dose (NIEL): 3 x 10* MeV n,/cm?
1 x 10% MeV n,/cm?

O |-V curve (Dark and Light)
O C-V profiles (Dark)
O Heat-light annealing (90°C, 1Sun)
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SLAIST I-V curves after proton irradiation

100 '
40 — Initial time
3x10715 MeVneg/cm?2
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Voltage (V) Voltage (V)
Eff. Voc 'Isc FF Rsh, dark Rser, dark ch,OV r]dark
(%) (V) (mA/cm?) (Qcm?)  (Qcm?) (cm3)

Initial time 214 0.774 34.7 0.795 3X103 0.5 5x10%* 1.3
3x10" Mevn/em? 4.1 0.429 19.6 0.493 4Xx103 3.1 3x10% 1.9
1x10'* MeVn,,/em> 2.8 0.34 22.0 0.373 1x103 7.0 1X10* 2.0
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~SLAIST Damage recovery by Heat-light annealing
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Light current are almost recovered by '
heat-light annealing for 80 hours. O T o os
Voltage (V)
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G AIST Diode parameters, Carrier concentrations

_____CdS/zno

Indicated magnification: 25kx

Rier, dark Neyov Jo,dark Ndark

(QAcm?) (cm3) (mA/cm?)
Initial time 0.4 5x1016 1X10% 1.4
1x10'6 MeVn,_/cm? 7.0 1x10% 6x10° 2.0
Heat-light 20 h 2.3 1x10Y 3X10° 1.5
Heat-light 80 h 1.8 1.4X10Y 1Xx10° 1.3
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Bandd Heavy lon beam test at HIMAC

HIMAC: Heavy lon Medical Accelerator in Chiba, Xenon 400 MeV/n (52,400MeV)

Single event detected by the CICS detector Integration of ADC (CIGS)
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"éi 09F—- g e A e 130 °C 5 hours -
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_f leSiien | Output is decreased after irradiation, but
T v =" the output is recovered by annealing.
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Quantum Efficiency (%)

CIGS image sensors
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70 MeV 2um 150 um
NIEL (MeVneq/cmz) 1Xx1016 1x1016
TID (Gy, J / kg) 4.4%x10°  6.0X106
Energy loss (J / cm?) 5.1 210

*K. Miyazaki, et al. Thin Solid Films 517(2009) 2392. 4%5fi2014-127945.
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Summary

+ CIGS solar cells

- CIGS has potential for high efficiency and cost-saving solar cells.

- CIGS solar cells are fabricated on soda lime glass substrates since
the grain boundaries don’t act as recombination centers.

- Excellent radiation tolerance of CIGS solar cells has been reported.

+ Radiation tolerance and applications

- CIGS solar cells have high radiation tolerance because the defects
Induced by radiation absorption are recovered by heat-light annealing.

- CIGS is a promising material for image and particle detectors in high
radiation environment.
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