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ABSTRACT: The traditional silicon heterojunction solar cells consist of intrinsic amorphous silicon to prevent recombination of the
silicon surface and doped amorphous silicon to transport the photo-generated electrons and holes to the electrode. Back contact solar cells
with silicon heterojunction exhibit very high open-circuit voltages, but the complexity of the process due to form the emitter and base at
the backside must be addressed. In order to solve this problem, the structure, manufacturing method, and new materials enabling the
carrier selective contact (CSC) solar cell capable of achieving high efficiency without using a complicated structure have recently been
actively developed. CSC solar cells minimize carrier recombination on metal contacts and effectively transfer charge. The CSC structure
allows very low levels of recombination current (eg, Jo < 9fA/cm?2), thereby achieves high open-circuit voltage and high efficiency. This
paper summarizes the core technology of CSC solar cell, which has been spotlighted as the next generation technology, and is aiming
to speed up the research and development in this field.

Key words: Carrier selective contact solar cells, heterojunction, electron selective contact, hole selective contact

1. M E NANS Holu, =g v Ao 718A el &
G} Sl A ofmE| et Hjo|AE sk Tl 718k
At 2aa] | ok AA A Ale)E elopA A= Haka &, 712, 574 9] E3gto] g dgljof k= wAlolt o] & sl dslr] $3l
YA, Y 5 AL MO R SRS ARG Tpstel g AT TS A gl aLE R wo] The e Hd
th 2 ndg A2 7]dol $HASFABC, interdigitated A 2, Al 23l o) 5 7Rs S| she A= ol o
back contact) -2} 0]& T heterojunction)= AT e %F & o] HZof =ds] AR e
AR=26.7%2] AL-E 7| =3I, A2 0] Ae] 2 gokd CSColl thgt 72 7] Aol A 7iEho] AJ2kE] 3]0, ]
ol wo A4 AE|Z3 perovskite B A of At e BEAL

Ae] F2 el 2 Thpn M TR AR FUL
3 p-p+ Feo] Y=o} 9lor, IBC By 2e] 4 o A=) Ak =2

=2 =2
Utk AlelE B FHR| 2 o] 24¢] A8
Aol Ao 971 WA =] AATL HhR|EH M| v Bfjof gk of 2] AR} F9] sttt S5 oA A RS}
H

Mo

=

=

o] AAEo] oItk IBCS] 26.7%9] 528 TR “passivated 2 AATS WA Aolck B/ 4le12 1% g0l AT
contact” =« ABHAEIH A2 B} AR|(CSC: Carrier Selective - 082S 7P ZARE 8. 40]k CSC e fiAl= &
Contact)”0]g} B2 o] 2H3 7]40] 7]9latn, o] 2 e B R R R e [ o R sy e KA ) =
Me|E B AATS BA st inwinsic g W Aezapy S SRR STl FECSC pas AET A
of ofs) BAH Ak A TS ol sk AR ulg A ) TSRS PR Jo <0 fAfem?), 3 & ARt
Zog TAR ol E AT FUAT PN e e BE TSI A

CSC2 o]sl& 571 1l Fig. 10f] B F7IA] 20 wh- o]
AHHE Tho]o] IR =413} S13iT oA E A Kol

*, **Corresponding authors: junsin@skku.edu, yhcho64@skku.edu

(©) 2018 by Korea Photovoltaic Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

43



44 E.-C. Cho et al. / Current Photovoltaic Research 6(2) 43-48 (2018)

Conventional cell Electron Selective Contact (ESC)

Hole selective Contact (HSC)

Electron/Hole selective Contact (EHSC)

E__ O 0
Tunneling Electron blocking
\\’ E. --’ O current Electron Hole selective
EI ................... 5 —_— Barrier te— Passivation layer
" - E[ ......... essssesss 4
Eges J, Metal/ITO
rec E contact 1TO/Metal
O Cg-esclayer contact
E, - —_—
i ‘_) E o~ || ] sssssssssccagy] peoeeeeeeeeeee- Er
v - ~ .
O [— Passivation layer —
Hol < ) "
B (_' ° O W Hole blocking
aTier Electron selective —*|
\ contact
T

Fig. 1. Energy band diagram of carrier selective contact solar cells

140

120

125
114
100
¢+ 80 69
o
Hl 60 a8
a0
15
20 .
N |
0 | mm | e |

2010 2011 2012 2013 2014 2015 2016 2017
He

Fig. 2. Published number of CSC papers per year from 2010 on
google scholar
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Table 1. Constituent materials and solar cell characteristics of carrier selective solar cells

. . Contact Eff Voc Jsc FF

Institute name Passivated/Transfer layer type (%) (mV) (mA/cm?) (%) Ref
Kaneka IBC-HIT i-a-Si / doped a-Si ESC/HSC 26.7 738 427 84.9 [1,3]
Panasonic HIT QoHHst i-a-Si / doped a-Si ESC/HSC 247 750 39.5 83.2 [10]
FhISE TOPcon SiOx / doped poly-Si ESC 25.8 724 429 83.1 [7
Front/rear CSC SiOx / poly-Si (front, rear) ESC/HSC 19.2 707 334 81.2 [8]
SiOx / poly-Si, n-type Si 25.0 722 419 82.6 [9
ISFH POLO (IBC) SiOx / poly-Si, p-type Si ESC/HSC 26.1 727 42.6 84.3 [10]
ECN PERPOLY SiOx / doped poly-Si ESC 213 679 39.2 80.9 [11]
NREL - SiOx / poly-Si (or TCO) ESC 215 693 39.6 78.4 [12]
GIT - SiOx / poly-Si ESC 21.2 683 39.7 78.1 [13]
TiO; or SiO, /TiO, 221 674 39.8 82.5 [14]
ANU a-Si/MgF, ESC 20.1 687 37.8 77.3 [15]
/BeAr':;e ::p:’r‘;;‘: a-SilLiF, a-SilMoOx ESOHSC 19.4 716 37.1 732 | [16]
y Y a-Si/LiF, a-Si/TiOx/MoOx 20.7 706 384 76.2 [17]

/EPFL heterocontacts
Berkeley - SiOx/MoOx HSC 14.3 580 37.8 65 [18]
EPFL - (i-a-Si) / MoOx HSC 225 725 386 80.4 [19]
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Table 2. Poly-Si's key factor comparison

Factor Joe Contact Resistance
Structure (fA/cm?) (mQcm?)
oly-Si (n-type Si 1.0 10.4
POLO poly-Si (n-type Si)
poly-Si (p-type Si) 45 10.0
TOPCon | poly-Si (n-type Si) 6.67 104
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