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Development of the method to measure quantitatively the diffusion length of
minority carriers in multinary compound semiconductors.

Shibata, Hajime

3,300,000

CZTS Cu2ZnSnSe4
CZTS
CZTS CZTS 12

CZTS Cu2ZnSnSe4

In this study, for the purpose of developing a method to quantitatively
evaluate the diffusion length of minority carriers in semiconductors to improve the performance of
CZTS (Cu2znSnSe4) solar cells, we aimed to establish a mobility spectrum method that enables
measurement of minority carrier mobility. The goal of the project was to establish a mobility
spectroscopy method that enables the measurement of minority carrier mobility.

As the results, we succeeded in developing a technology for depositing high-quality CZTS thin films,
and as a result, we also succeeded in developing high-performance CZTS solar cells, achieving the

world®s highest conversion efficiency (12%) for CZTS solar cells. We also succeeded in creating an
environment in which the algorithm of the mobility spectrum method can be used, and also constructed
a magnetic transport measurement system using a strong magnetic field.



Cu2ZnSnSey CZTS

CdTe Cu(In,Ga)Se,

CIGS In Ga Te

TW

CZTS | 1 v VI 4 4

CdTe
-Vl 2 CIGS I-llI-VI; 3 CZTS
(NREL) Best Research-Cell Efficiency Chart 2019 3 1

CIGS 22.9% CZTS 11.6%
CZTS 12.6% 4 2

3

$7) TFirst Solar & 3751 ISCAS g;:/e g {23 23.7% perov. by ISCSA
e ea® JTIGISE  KRICT [Tde <7 ©22.9% by Solar Frotier (CIGSSe)
fIGE 235 % *23.35% press released by SF (1/17)

hG-ISE
22.1% by First Solar (CdTe)

KRICT Fi'StLSOIar
S0libro L_Trina Univ. of

| SolarFron Queensland 16.6% [ ¢
‘.\CTA ot AIST Raynergy

Tek of Taiwan <@EEEAO {1 O 14.0% a-Si by AIST
ICCAS }2-5% ¢ {3 4 12.6% by IBM and DGIST

e ——A
e A (CZTSSe)

Phillips 66

U.Toronto (* 11.6% for CZTSe by IBM)
T V. Toronto
I I N T :
2015 2020
NREL Best Research-Cell Efficiency Chart 2019 3 1
CZTS
p
CZTS CZTS
L L=(Dt ¥ D
T D D=y keT/q
u ke T
q L T M T
CPD
p
Ri  Ry=-1ng
n Ry
Ry 10T Ru

W.A.Beck,and J. R. Anderson Applied
Physics 62, 541 (1987)



CZTS

CZTS
CZTS
L
0
CZTS
CZTS
CZTS
CIGS
CZTS
CZTS CZTS
CZTS
Cu Zn
Sn Se
CZTS

W. A. Beck, and J. R. Anderson  Applied Physics 62, 541

(1987)



CZTS Ry

Ry 10T
CZTS
2019 CZTSe Se
Se CZTSe
EQE Se
CZTSe
2020 2019 CZTS
CZTSe
Ge CZGTSe
CuxZnSny xGeSes 0 x 1
CZTGSe xp 0 x 1 4.56 eV
x» 42eV 0 x 1 CZTGSe
CZTGSe CZTGSe
X
Cux(Sn,Ge)Ses  (Sn,
Ge)Se
2021 CZTS
CZTSe
CZTSe CZTSe
1 2ns 10 ns
CZTSe CZTSe
CZTSe
CZTSe
CZTSe 0.46 V
CZTSe 12.0%
11.6% CZTSe
12.0%
Se J-
\
11+ T T T T
I @« T(Se)forannealing=36l]°(fl 40t <l
10 ‘ “g
S st i 3 = 1
el @ = n=12.0%
< ® | = -
FRls - 8| 2 ® ||Voc=0418V 1
g i+ 8 ; & s ° - | [Jse =421 mA/em? |
. s ¢ Y| ¢ FF = 0.683
L @ b £l
o ® o
0
sh ® | 1 1 1 L L L | | |\ |
208 210 212 214 216 218 220 222 0.0 0.1 0.2 03 0.4 05
Se supply temperature (°C) Voltage (V)
Se J-V

Ru
W. A. Beck, and J. R. Anderson  Applied Physics 62, 541 (1987)



CZTSe



5 0 2

T. Nagai, K. Hirayama, T. Matsunobu, G. Chen, Y. Takagi, H. Tampo, S. Kim, H. Shibata, S. Niki, N. Terada,

Independent evaluation of conduction and valence band tailing of CZTGSe using IPES and UPS measurements

The 30th International Photovoltaic Science and Engineering Conference/Asia-Pacific Kesterite Workshop

2020

H. Tampo, T. Nagai, S. Kim, H. Shibata, S. Niki

IMPACT ON SELENUM SUPPLY FOR Cu2ZnSnSe4 SOLAR CELLS GROWN BY COEVAPORATIN METHOD

The 30th International Photovoltaic Science and Engineering Conference/Asia-Pacific Kesterite Workshop

2020

Cu2Zn(Sn1-xGex)Se4 Se

68

2021

CZTSe Se

80

2019




InGaN

80

2019

(Tampo Hitoshi)

(20392631) (82626)
(Imanaka Yasutaka)
(70354371) (82108)




