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Stacking Structure-dependent Photovoltaic Performance of Multilayer Thin Films
Composed of Multinary Solid Solution Quantum Dots

Kameyama, Tatsuya
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Research on quantum dot solar cells is currently actively conducted around
the world for the efficient use of solar energy. In this study, we changed the composition of solid
solution type quantum dots such as ZnSe-AglInSe2 and prepared the quantum dot thin film structure
while controlling the arrangement of energy gap of tnem. As a result, excitons were collected on the

charge separation interface of the thin film via energy transfer, and the photoenergy conversion
efficiency were improved by the exciton collection mechanism along the gradient of the energy gap.
Su?h a s¥?tem is expected to approach the high theoretical conversion efficiency of quantum dot
solar cells.



1.3x 107 W

10TW 10,000
S 30
10 nm
40
Nozik PbSe Es~=0.98 eV
E;, 3
100 % .
. - — —=
Science 334, 1530 e
(2011) Bawendi PbS 1,
8.6 o

v
Nature Mat., 13, 796 (2014) O — - B

TiOz ZnO VB
1 n 1
p
TiO2
hv
Cds — hv
PCCP, 2009, 11, 5369 Cds ’ §
B B8 Ti0, /i EF Ry NE Au
T
Eg m <E
2% N N
\ VB
ve EEAAEROER SIS
2
EQ
Eg
Pb, Cd 1-111-VI,
ZnSe-AgInSe;

ZnSe  AgInSe; 900 nm



ZnO

500 nm AginTe,
2
3
EQ
EQ
1
2
250 °C 10
ZnSe-AgInSe; (AgIN)xZnyu-xSer X
ZA1Se(x)
X ZAlSe
FTO ZnO 1,2-
ZAlSe Substrate/Z Al Se(x)
ZAlSe 600
ZAlS@(0.75) ZA|S€(0.25) Quartz/ZAISe(0.75)
5 500 1ZAISe(0.25)
ZAlSEQDS %‘ 400+
g i Quartz/ZAlSe(0.75)
ZAlISe £ 3%
- L
365 nm 3 & 2007 o anzizaise(o.25)
ZAlSe 100
0
ZAlSe QDs 5 500 600 700 800 900 1000
Quartz/ZA1Se(0.75)/ZA1Se(0.25) Wavelength / nm
ZAISe QDs 3 ZAlSe
ZA1Se(0.25) 365 nm
58% ZAl1Se(0.75) 170%
Ey ZA1Se(0.25) Ey 2.07 8 6
Eq ZAISe(0.75) Eg 1.47 eV g . ZnO/ZAISe(0.75)/ZAISe(0.25)
<
<4
[
Q3
E ’ ZnO/ZAISe(0.25)/ZAISe(0.75)
2
21
o ]
Zno A 030501 0 01 02 03 04
ZAlSe 0.1 mol dm3 LiClO,4 TS e o e
0.1 mol dm? Potential / V vs. Ag/AgCI
A > 420 nm 4
ZnO
ZAlSe QDs 5
/r——-. f—\_._f-ﬂ
| 7n0 | | oA
A >420nm = =
LU
-0.3 -0.1V vs Ag/AgCl ZAISe(0.75) ZASe(025)
4 ZAlSe QDs

5 Eg



Eq ZAISe(0.75)

200

ZnO

1 ITO
PEDOT:PSS
90 30
50 nm

SEM
250 nm

AM 1.5G

7 ZnO/ZA15e(0.75)

ZnO/ZA1Se(0.75)

ZnO/ZA15¢(0.25) 650 nm
IPCE

ZAISe QDs

ZnO/ZA15e(0.75)
3.9x 10° %

ZnO/ZAlSe
14

ZnO/ZAI1Se(0.75)
42x 102% 10
pA cm?

ZnO Eq

ZnO/ZAI1Se(0.75)/ZA1Se(0.25)
900 nm

ZAISe(0.25)

3
ZAISe QDs
Eq
5
ZAlSe
ZnO/ZAISe(X)
6 ZAlSe
7
SEM
( )
-3.2
= 3.9 -3.7
i
I-vV BE HOMO
S:j é v. 5.2 5.2 53 53
2
900 nm 71 7pI5e ZAISe PEDOT Ay
Zn0  (x=0.75) (x =0.25) :PSS
\ A
7 ZAlSe
0.05
0.044
1,2-
X 0.034
1] 0 TP P |
O 0 02 04 06
Q 0.02 Voltage / V
180
ZnO/ZAISe(0.75)
0.01- ZnO/ZAISe(0.25)
0 T T T T T
400 500 600 700 800 900 1000
Wavelength / nm
8 ZAlISe
ZAISe(0.75) IV
0.07 ZnO/ZAISe(0.75)
/ZAISe(0.25)
0.06 ﬂm
5 cycle 5 I
20.05- / cyck
go.o4- . TG
So.03 4 RER
0.02-
0.01] .
0. T T .5‘-5“55«@@‘;
400 500 600 700 800 900 1000
Wavelength / nm
ZAISe(0.75) 9
9
ZAlISe



ZnO
3
AginTe,
1100 nm 18 %
AginTe,
I-111-V1; 1-VI
EQ
ZnSe-AgInSe; ZnTe-AginTe;
EQ
ZnTe-AginTe; (AgIN)xZnyaxTes, ZAITe 10 ZAITe
TEM
ZAITe X @ — T s ®) r
16 nm 4 ISP Os L By
nm 10 e e 9 : S
3 3 g [ o~
g < 2op ©
11a X g 2 4 i
7] >
1030 nm 760 é 5 >osol
nm 5 5 = I
2 N .
o 00 VB
| o [ - -0-- 0 _ ¢
N 0.25
500 800 1000 1200 0805504 06 08 1
Wavelength / nm Value of x
ZAITe 11 (a) ZAITe (b) ZAITe
x 025
ZAlTe ITO
p
Eve Eg ECB ZAlTe
X Ecs Evs
11b  ZAITe
ZAlSe

(1) T. Kameyama, K. Sugiura, Y. Ishigami, T., Yamamoto, S. Kuwabata, T. Okuhata, N. Tamai, T.
Torimoto, “Rod-shaped Zn-Ag-In-Te nanocrystals with wavelength-tunanble band-edge
photoluminescence in the near-IR region”, Journal of Materials Chemistry C, 2018, 6, 13705-13715.

(2) T. Kameyama, “Advances in Colloidal I-111-VI>-Based Semiconductor Quantum Dots toward
Tailorable Photofunctional Materials” Electrochemistry, 2018, 86, 291-297.

(3) T. Kameyama, S. Koyama, T. Yamamoto, S. Kuwabata, T. Torimoto, “Enhanced Photocatalytic
Activity of Zn-Ag-In-S Semiconductor Nanocrystals with a Dumbbell-Shaped Heterostructure”,
Journal of Physical Chemistry C, 2018, 122, 13705-13715.

14
(1) - 113 ”' 36



, (2019) ( )
(2) T. Kameyama, S. Koyama, T. Yamamoto, S. Kuwabata, T. Torimoto, “Photocatalytic H, Evolution
Activity of Dumbbell-shaped Nanocrystals Composed of ZnS-AgInS, Solid Solution”, Materials

Challengesin Alternative and Renewable Energy 2018, (2018) ( )
(3) , , , , “ZnS-AgInS2
37 , (2018)
4 N , , “ZnSe-AgInSe;
” 2018 , (2018)

(5) G Ukai, T. Kameyama, S. Kuwabata, T. Torimoto,” Stacking Structure-dependent Photovoltaic
Performance of Multilayer Thin Films Composed of ZnSe-AgInSe; Solid Solution Quantum Dots”,
10th Asian Photochemistry Conference (2018)

(6) T. Kameyama, S. Koyama, T. Yamamoto, S. Kuwabata, T. Torimoto, “Controlling Chemical
Composition of Dumbbell-Shaped ZnS-AgInS, Nanocrystals for Efficient Photocatalytic Hydrogen
Evolution”, 10th Asian Photochemistry Conference, (2018)

(7) T. Kameyama, K. Sugiura, Y. Ishigami, T. Yamamoto, S. Kuwabata, T. Okuhata, N. Tamai, T.

Torimoto,” Preparation of Low-Toxic Zn-Ag-In-Te Quantum Dots with Tunable Near-IR Emission

Toward Optical Applications”, The 5th Optical Manipulation Conference, (2018)

(8) , 85
, (2018) ( )
(9) , “ZnSe-AgInSe;
85 , (2018)
(10) T. Kameyama, “Preparation and Photoel ectrochemical Properties of Low-Toxic Ag-based Quantum
Dots for Photoenergy Conversion System” Asia International Symposium in CSJ, 2018 ( )
(11 , “ZnSe-AgInSe;
» 2017 , (2017)

(12) T. Kameyama, K. Sugiura, S. Kuwabata, T. Torimoto, “Composition Dependent Photoluminescence
of ZnTe-AgInTe, Solid Solution Nanocrystals in Near-Infrared Light Region”, IMSE 2016, (2016)
( )

(13)T. Kameyama, K. Sugiura, S. Kuwabata, T. Torimoto, “Photoluminescence and
Photoelectrochemical Properties of ZnTe-AgInTe, Solid Solution Nanocrystals”, PRIME 2016,
USA (2016)

(14)T. Kameyama, Y. Ishigami, S. Kuwabata, T. Torimoto, “Size-Controlled Synthesis of
Near-IR-Light-Emitting AglnTe, Nanocrystals for Biological Imaging”, 220th ECS Meeting, (2016)

http://www.apchem.nagoya-u.ac.jp/06-K-6/torimoto/index.html




