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The design concept of combinatorial device-process systems 

for accelerating the development of Perovskite/Si tandem solar cells  

○'()*'()*'()*'()* 1++++,-./,-./,-./,-./ 2
  (1.01234546+2. 78349:;) 

○
Nobuyuki Matsuki

1
, Hideomi Koinuma

2  
(1. Kanagawa Univ., 2. The Univ. of Tokyo, ISSP) 

E-mail: matsuki@kanagawa-u.ac.jp <<<<=>?@=>?@=>?@=>?@AAAABCDCEFGHIJKLGMNFO PKLGMNFOQRSTUV
Si WXYZ[\]^_`abcdefghijk

Shockley–Queisserlmno 40.6%
kpqrstuvwxUyo

29.8~35.0%
Tz{|}~��

[1]
k����hi_`abTw~c������~�Y

[2, 3]�w�wkKLGMNFORSc��W��~j���c�����k�xk������L�M���W��Y ¡��¢w£�}¤£¥£��wx��~k_`abc�hi�Wjk¦§��¨©�Xª«¬�­®{T
Materials Informatics W¦¯°de±��T²³w£�¥́ µ¶·¸¹tº³»Y¼½��Y��xkSi

TcZ[\]�W��Y¾¿ÀÁcÂÃ �SÄÅÆ� PÇ
1
QtÈÉ}¤³ÊËÌ¸¹Íj|¥WÎÏT£Y� ÐÑÒojkÓÔc ¡tÕ�ÖkKLGMNFO

/Si
Z[\]^_`ab×ØtÙÚ»YÛ[ÜÝOHÞß\àFM�L�MáMâ]cã®äåW��~æç»Y� <<<<èéêëìíîïðñòóèéêëìíîïðñòóèéêëìíîïðñòóèéêëìíîïðñòóôõöóôõöóôõöóôõöó÷óøù÷óøù÷óøù÷óøùAAAARSa¬ÂÃW��YÛ[ÜÝ OHÞßP

Combinatorial
Q�L�Mjk

1
�cúFGúH P¦ûQÓWküý�ügþZßÿM�t��w~¸¹´µc�£Y¾Íc�Ã��t��	
»Y�Tok

1 �c¸¹oÍ��¥Í
100 �¸¹�c�Ã
\àFMÀÁt��wÅÆ´µc¶·tü�W»Y��o�Y[4, 5]�Ç

2 WkÐÑÒo��»Y�Íc�S��[à�TÛ[ÜÝ OHÞßÿM��g�t���Öx��áMâ]cÀ
��t »�KLGMNFO¿c�SWjk!"#�$�WXY%¬¿&�tÆ�»Y��xk&�'SÄt(G
nm
#)ßo*+ZH[,�-.»YCÀTw~kÏ/0�¥1�23�o4�ü�o��k�xKLGMNF O¿W5þ�6t7ÖY�Tc£�

in-situ
�89H�:þ�Zt��YPÇ

3
Q�;<jÐáMâ]cÛ[��O=>W��~k%dŢ ¹?t�Ö@e»Y� 

Perovskite layer

Hole transport layer

Si cell part (substrate)

Back metal contact

Intermediate tunnel

recombination contact

Metal contact

Electron transport layer

Ag

MaterialsThickness

Agd1

In2O:Sn, ZnO:Ald2

Transparent conductive oxide

Combinatorial optimization parameters

d3 MoO3

d4 p-type organic or oxide material

d5 CH3NH3PbI3, CH3NH3SnI3, CsSnI3

d6 n-type organic material

d7

Mono-Si or SOG-Si (poly-Si) p-n junction

or a-Si:H/c-Si heterojunction
(a-Si:H(p)/a-Si:H(i)/bulk-Si/a-Si:H(i)/a-Si:H(n))

Ag

MaterialsThickness

Agd1

In2O:Sn, ZnO:Ald2

Transparent conductive oxide

Combinatorial optimization parameters

d3 MoO3

d4 p-type organic or oxide material

d5 CH3NH3PbI3, CH3NH3SnI3, CsSnI3

d6 n-type organic material

d7

Mono-Si or SOG-Si (poly-Si) p-n junction

or a-Si:H/c-Si heterojunction
(a-Si:H(p)/a-Si:H(i)/bulk-Si/a-Si:H(i)/a-Si:H(n))

Hole injection layer

Transparent conductive oxide
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A: Introduction

B: Chemical vapor 

deposition

(for a-Si:H/c-Si cells)

C: Combinatorial mask 

exchanger

D: Infrared-laser 

deposition (Perovskites, 

Polymers)

E: Vacuum evaporation 

F: Characterization 

G: Transfer chamber with 

a flexible transfer arm

G

Sample holder
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Ellipsometer

(incident)

Ellipsometer

(detection)
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