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ABSTRACT: Bifacial and semitransparent hydrogenated amorphous silicon (a-Si:H) thin-film solar cells in p-i-n configuration were
prepared with front and rear transparent conducting oxide (TCO) electrodes using plasma-enhanced chemical vapor deposition method.
Fluorine-doped tin oxide and tin-doped indium oxide films were used as front and rear TCO contacts, respectively. Film thickness of
intrinsic a-Si:H absorber layers were controlled from 150 nm to 450 nm by changing deposition time. The dependence of performance
characteristics of solar cells on the front and rear illumination direction were investigated. For front illumination, gradual increase in the
short-circuit current density (Jsc) from 10.59 mA/cm? to 14.19 mA/cm? was obtained, whereas slight decreases from 0.83 V to 0.81 V
for the open-circuit voltage (Voc) and from 68.43% to 65.75% for fill factor (FF) were observed. The average optical transmittance in the
wavelength region of 380 ~ 780 nm of the solar cells decreased gradually from 22.76% to 15.67% as the absorber thickness was changed
from 150 nm to 450 nm. In case of the solar cells under rear illumination condition, the Jscincreased from 10.81 to 12.64 mA/cm? and
the FF deceased from 66.63% to 61.85%, while the Voc values were maintained at 0.80 V with increasing the absorber thickness from
150 nm to 450 nm. By optimizing the deposition parameters, a high-quality bifacial and semitransparent a-Si:H solar cell with 350
nm-thick i-a-Si:H absorber layer exhibited the conversion efficiencies of 7.69% for front illumination and 6.40% for rear illumination, and
average visible optical transmittance of 17.20%.
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Nomenclature EQE : External quantum efficiency
PECVD : Plasma-enhanced chemical vapor deposition
a-Si:H : Hydrogenated amorphous silicon BIPV : Building-Integrated Photovoltaics
p-nc-SiC:H : P-type hydrogenated nanocrystalline silicon
carbide 1. A 2

i-a-Si:H : Intrinsic hydrogenated amorphous silicon

Voc: Open—circuit voltage, \'% i %Zﬂ‘ﬂ_ﬂ_o‘jﬁ_g E/\] :z]_;g_ ‘—]5]_0% E/\] q_{ Zﬂ‘j “5:94 J—,_]_
Jsc : Short-circuit current density, mA/cm T} oL 2] AH]= SAIEA HlE S.0] 31 9 o] 2 kS

FF : Fill factor 1)) 12 )t} IPCC (Intergovernmental Panel on Climate Change)

A 574 KA wRE, SA7EA 1S AR EO] 31%, A
*Corresponding author: adamchoi@dau.ac.kr, jscho@kier.re.kr EH0] 19%E A% uj&eko] & Mg =om o A] 4H]

(©) 2019 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.

97



98 Y.H. Seo et al./ Current Photovoltaic Research 7(4) 97-102 (2019)

of oJgt 2ATFA HiEH| S-S A o' AREE = %7} 63%
27k o2t o] &, Bl S o8
$Hg M AhE 2 A7 vl ST Aol & 7] o ‘S o zﬂgi
I lom ge ARl A e o|A] 2H[EAEE 7
AN 5 Sl 58 7E 5 vz AEYAE g%
(building-integrated photovoltaics; BIPV)o]] %3}11 9)t}.?
LA S A LlolA s QYRR E =2 A=
Q] 0] 2% o WhALE (facade) of| ARE-ZITE. & QW o= 7]
ol A%, thaA Al RS AAsH| = SHARE @
o] FA4] AL ”\°"\H7P5}X“—1°]E}- ojet F2 TS
9l 7)o B e = 5
2he] g vk ok 7\1 BIPV"ﬂ 2 g-517] QI ThatRt Al
w31 Qlek e, AR A A "R
A& F7H 07 SEflor g s

s
_?L
2
o
u)
2
o
AT
rlo
foi

A gavolck

2 ¥AA AgE (a-Si:H) 2 U244 Ag
-Si:H)”, CIGS?, CdTe”, |22 ~A7}0|EY, 47]” 55
TOR ARl 7Y g FEASS o181 He

r

(n

of#
ﬂ;

Q.
%

Y EPAAZE AR ek eopaAe] A1yt
3.8 PO AlelE utake 7]uho 2 RS olx| i By Al

2] dha} g oA = v E AA7 ol viste] 483t 7S
[ Sk gk, =g ejopaA| s Ayt oh et S
JFo s A YA 4 i UL FHo] glol,
BIPY -2} B o] ), AP/ Zheiet 5] ot
oo g-go] 7Kl

£ Ao A Zepzul 3457|422 (plasma-enhanced
chemical vapor deposition; PECVD)& o]-&3sle] AW FTO
(fluorine-doped tin oxide) =T} TO (tin-doped indium oxide)
FHdEsS g FEAs R = °'E“4‘”?ﬂ 3% a-SiH Bf
oAl AL B G AT F2A o

w2 e o] A% WEkE Ao

o_>l

(]
¢

oL

2, EHYUTHX| 7= 2 Al

7|20 2= FTO vhato] Z2be Acteby] 9-2] 7|9 (Ashai
U-type glass)-< AH&3HA T 7]?‘1’/\1] 4 T FTO A= 9]¢] p-i-n
aLojuj, pfl} ER5 Ay
ﬂazsz 7474 13.56 Msta} 60 MHZ.J FES Y-S o] 85t
229k pZ2l p-ne-SiC:H BFRS 11 1% 22304 Hp2k
ByHg, CHy, SiH, 7} 5 F293te] Zetzuks WA 7|3 52t
£ 250C of| 4] 228}tk p-ne-SiC:H BHRS- Hi=740] 2.0
eV o]0 & whubrt G Aol 9] 3 FHEANS FIAIZ 4= )

] TR
= 43S 2 Qlk I-a-Si: Hd*ﬁ—*r%»—%ﬁ = 300C of| 4]
Hzﬂ‘ SiHy 7]’_/_\_ ?:] o}o:] Z.x]— ].93\_9_ _4 _’_7]1]

Y SR A FHAITRE 274510 150 ~ 450 nm 2 §i5}

350°C )| Al H,@} PH3, SiHy 7~
Jste] F720 nm % ﬂu‘:} SHATAITO Bhaf2
RF nlH| E & A e e We ARg-ste] 77 130 nm & 52t
Sheoof T A13he 0820 Qfsq 2 LRI, 240 2 7]
25 Aje] 72 9 7439 Tl §2)71WFTO AR
(650 nm)/p-nc-SiC:H (30 nm)/i-a-Si:H (150 ~ 450 nm)/n-nc
-Si:H (15 nm)/ITO U&= (130 nm) o]},

AlZE Qe S aSicH ejFine] Bab BAle
2B A28 UV-Vis-NIR A3 E 20 €] 2 0] 86101 350 ~
800 nm s ol St O] Bt T Fak gl
380 ~ 780 nm] 7113 5o S Holeigro
] AAFsFI). B R 9] a3 d 5 A 321 7HA Y (open-
circuit voltage; Voc) W TS % (short-circuit current
density; Jsc), 2218 (fill factor; FF)-& 2 AF 100 mW/cm?
o} 2% 25C o] T2 2710)H L2k ABACIES o] 831V
2748 Falo] ZASISATh. BabaAle] AR ago] ue 2
SHAE 2AB) $lste] 9%
efficiency; EQE)2 Z73}%ich

-{N

OFA} a8 (external quantum

3. & Aut

Fig. 1-2 QP10 95 a-SicH ol oo o] 3l 9 o
{123 SEM (scanning electron microscope) AF2lo|t}. 1530
A B vle) Zho] FHEAX Y E FTO vhake] FHFARS o}
ehalel e ujulnHTO S iste) s S 3he
g 2 ol ERElA AT AT A A9 #2710

Fig. 1. Plane and cross-sectional SEM images of the bifacial
and semitransparent a-Si:H thin-film solar cell.
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Fig. 2. Optical properties of the bifacial and semitransparent
a-Si:H thin-film solar cells with different i-a-Si:H absorber
thicknesses: (a) front transmittance, (b) front reflectance,
(c) front absorbance (d) rear transmittance, (e) rear
reflectance, (f) rear absorbance.
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Fig. 3. Changes in average optical transmittance in visible
wavelength range of 380 ~ 780 nm for the bifacial and
semitransparent a-Si:H thin-film solar cells with different
i-a-Si:H absorber thicknesses.
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Fig. 4. Photographs of the bifacial and semitransparent a-Si:H
thin-film solar cells with different i-a-Si:H absorber
thicknesses: (a) 150 nm, (b) 250 nm, (c) 350 nm and (d)

450 nm.
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Fig. 5. EQE spectra of the bifacial and semitransparent a-Si:H
thin-film solar cells with different i-a-Si:H absorber
thicknesses: (a) front illumination and (b) rear illumination.
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Fig. 6. Photo J-V curves of the bifacial and semitransparent
a-Si:H thin-film solar cells with different i-a-Si:H
absorber thicknesses: (a) front illumination and (b) rear
illumination.
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Table 1. Performance parameters of the bifacial and semitransparent a-Si:H thin-film solar cells with different i-a-Si:H absorber

thicknesses.

Sample Illumination i—layer thickness Voc Jsc FF PCE AVT
P direction (nm) (V) (mA/cm?) (%) (%) (%)
150 0.83 10.59 68.43 6.01 22.76
250 0.82 13.07 67.67 7.25 18.52
Front
350 0.81 14.11 67.26 7.69 17.20
SiH 450 0.81 14.19 65.75 7.56 15.67
a-Si:
150 0.80 10.81 66.63 5.76 22.70
250 0.80 11.47 67.98 6.24 18.27
Rear
350 0.80 12.29 65.14 6.40 16.94
450 0.80 12.64 61.85 6.25 15.30
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2hA] R ARGl et e A 9 FE5 A0l ThE Tsc

U S7He A ARGl BIste] thas Yol e FdA]

9 FFEE 4805 5 E71o whel 66.05%01 4 61.85% =

HA8FAL Voc gt 0.80 VE A7 3 g LFEhl Qleh S-H AL

22104 O] B PR 82 5.25%0N1 4 6.25% = WSt gl

o A YAt 20] 350 nm &) F-F=5 TN 6.41% 2
7V =2 g eI

PECVD Z2HH-2
HSHTO S To) ol
39 a-Si:H et B PR & Xﬂ}j}ﬂi a-Si:H FE5%0
AT YAl T2 A e et A
t}. I-a-Si:H 348<==2] =77} 150 nmoj|A] 450 nm & <7}
of whe} 7pAl g 9 ol 0] Wt ETFE=22.76%0 A 15.67% 2 72+
AET BE4E AL 7RSS AT Al 4
hglo] efobAA|9] Jscghe HARR Z71ER0 M Vocoh FFZE
o 7haoiAv B 2 UehiRlch BEaE A 27

£ Iocdle) F7He AEe) F45710] ok Aoz Skl
9t} AW ALe] A0 450 nmolAo] TRk olofA] T St
Kol Z7 AT FRAAe] A9 500 nmolstel 4 B &
SPAo] ghshs v 11 o)) sheelol i Z7E el
Voc2FFFERS 355 770l whe -2 2| A5 et

of WS W Ao ZAE YT,
BEeg T 247} T T Sase] A48 Fo)
of 252 51350 nm 2214 HRIQIAT.69%0} T

AF6.40% 2] S f-& 7S 2l FAlol Bt 7HAE Tt
1=}

B AT ARIE AU (MOTIE) o} 3ol U %) 7] 4% 7}
91 (KETEP)2] 7] 914 o} 4343t 153141 LItk (No. 2016
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