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Optical Absorption Enhancement for Ultrathin c-Si Solar Cells
using Ag Nanoparticle and Nano-hole Arrays

Sujung Kim - Yunae Cho - Ahrum Sohn - Dong-Wook Kim*
Department of Physics, Ewha Womans University, Seoul, 03760, Korea

ABSTRACT: We investigated the influences of Ag nanoparticle (NP) arrays and surface nanohole (NH) patterns on the optical
characteristics of 10-um-thick c-Si wafers using finite-difference time-domain (FDTD) simulations. In particular, we comparatively
studied the plasmonic effects of both monomer arrays (MA) and heptamer arrays (HA) consisting of identical Ag NPs. HA improved the
optical absorption of the c-Si wafers in much wider wavelength range than MA, with the help of hybridized plasmon modes. The light
trapping capability of the NH array pattern is superior to that of the Ag plasmonic NPs. We also found that the addition of the Ag HA
on the wafers with surface NH patterns further enhanced optical absorption: the expected short-circuit current density was as high as

34.96 mA/cm’.
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Nomenclature

Jse : short-circuit current density, mA/cm”

Subscript

ARC : antireflection coating

NP : nanoparticle

NH  :nanohole

FDTD : finite-difference time-domain
MA  :monomer array

HA  :heptamer array

LSPR : localized surface plasmon resonance

*Corresponding author: dwkim@ewha.ac.kr

Received April 26, 2016; Revised May 13, 2016;

Accepted May 16, 2016

AA] ’\ZH %OWE ERA SNE AL Tk YR T A

28 7H5Hwearable) 27} o] 7}%6}111 ) ol e
2] Qlof|i= chaFet At 24} Brgo] 7Ps e Ao 7l ehEny.
71 7)eE T WA e FA|9] 7| B ThEY] el BA

-
A0] ol S Bol YAXTL, S B
=

O

(indirect bandeap) “PEZWH BE4AGT Oh2 A &
e} A7) o] b | light trapping) 714 8] T

7|E A% Al HjFRAR ol 2ol= B3 E] 7ol
A wFate] A4 1Ml ©]-8-5k= ARC, RIS 913t 39
Bl A2 H(texturing) 52 ol Utk E3 335 g(optical

(©) 2016 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.

64



S.J. Kim et al./ Current Photovoltaic Research 4(2) 64-67 (2016) 65

resonance) i =9} Za} 22 plasmon) FI}-E 0]-8-5}= HIo}
28 0 e, 201 )2 18-S Sl
& Uhe s S85Hs 7120] vl ulehAgt Zlolh

170l A= Ag NPEINH 8 F271 10 pum F7jle] Al2]
2 7)3ke] G 2100] v A G FDTD AXLE Fotol
4 Hodeh AgNPE&= 588 Ve iR i 1231 MASLT
7} QAHEe] Sl 2 cluster) ) HA & vl wtoie)
E, A7) o] NH Q728 wE ARe] HEAE 24
ool e 34 ool el S48 A nitge
2 2k Ale)2 71w HE A Slat ulera
& w&shar sioik

2. Aary

B o3 Lof A= Ag NPRINH 8| 227} 10 pm F7|2] A2
2 7)1%e] FFa SRl v A= GIFE ZAVEE] Ykl A4
AZE9]o|(Lumerical FDTD Solutions, V8.7.4)5 o]§-gt
FDTD AAHS -*rﬂo}fﬁu} oJulz o] sl Ale] = 7] 7hut NH
7]4%0 H|W3F 0L, I Ag MASLHA 8-

Al H oItk MA, HA, Z12| 12NH v &3t
ShuRe} o] S-7te) HoFol oS 4t
o]=7F7F479 nm @} 500 nm, 45U
5?‘%—4 )7L 100 nm, Wi =} S 2 E o A] Q138 27}
A2 5 nm e} Ak 18, e Q1A = NH a E-20])
715600 nm itk Al4tol a3 A e 2t Ag o ol
77} Palik” 7} Johnsom and Christy® Z3+& ARE-3T}

|

i

N

e 2o &2 e e 2
o
5 g
>4
E
i)
N

T
N
[y rr

o
rHJ

i)

(o
18
1m

D-La
mlo

Ir
H
n
3|
@
)
Al
Z

w

o
Znt o 3

Fig. 2(a)=FDTD 21 0 & A3t 34> AvlE L 1o
t}. 10 um FA| 2] HH g ‘ﬂi Flat Si) 7]%%70 nm T3}
oA Z | 65% A E2] T8-S B Ylr} 700 nm o)A} Ao
A= Wlo] =11} Z1o](penetration depth)7} 7]7+e] F7E o]
A =]o] 7)o ofe 2 WHol| A BEALE BT} QJAlSH dlo] whe
1274 of ©J8 215 5He Aao] AuERo] Utk AgMA

-111 AN

Fig. 1. Schematic illustrations of the three kinds of the samples
considered in this study: (a) a flat Si wafer with Ag MA,
(b) a flat Si wafer with Ag HA, (c) a Si wafer with both NH
array and Ag HA
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Fig. 2. (a) FDTD-simulated absorption spectra of the four samples

and (b) the absorption difference of the each sample,
compared with that of the flat Si wafer
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Fig. 3. Absorption spectra of four kinds of samples: a flat Si wafer,
a Si wafer with NH array, a S| wafer with both NH array
and MA, and a Si wafer with both NH array and HA

Table 1. Js. expected from the FDTD-simulated optical absorption

Jse (MA/cm?)
Flat Si 23.76
Flat Si w/ MA 24.86
Flat Si w/ HA 27.59
SiNH 34.17
Si NHw/ MA 34.72
Si NH w/ HA 34.96
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