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Thin film solar cell efficiency improvement using the surface plasmon effect
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Abstract

In spite of many advantages, the practical application of the thin film solar cell is restricted due to its low
efficiency compared with the bulk type solar cells. This study intends to adopt the surface plasmon effect using
nano particles to solve the low efficiency problem in thin film solar cells. By inserting Ag nano-particles in the
absorbing layer of a thin film solar cell, the poynting vector value of the absorbing layer is increased due to the
strong energy field. Increasing the value may give thin film solar cells chance to absorb more energy from the
incident beam so that the efficiency of the thin film solar cell can be improved. In this work, we have designed the
optimal shape of Ag nano-particle in the absorbing laser of a basic type thin film solar cell using the finite element
analysis commercial package COMSOL. Design parameters are set to the particle diameter and the distance
between each Ag nano-particle and by changing those parameters using the full factorial design variable set-up, we
can determine optimal design of Ag nano-particles for maximizing the poynting vector value in the absorbing layer.

Key Words :  Surface Plasmon (™ Z:2t=2), Thin film solar cell (225 Ef 2k X[), Ag nano
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Fig. 2 Structure of the basic model

Table 1 Material properties for analysis

Material Permittivity(at A=800nm)

Air 1

Amorphous Silicon 16.819+0.244i
Glass(BK-7) 2.283
Ag -2.95-1.523i
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Table 2 Full factorial orthogonal array and its numerical
simulation results

(nm)

5 | 60 | 70 | 80

D(nm);

90 | 100 | 110 | 120 | 130 | 140 | 150

600 |0.248 |0.252 |0.655 [0.325

0.533 (0.425 |0.262 [0.208 |-0.825(0.521 (0.579

700 |0.815 |0.582 |0.002 {0.229

0.261 (0.815 |0.222 [0.286 |-0.240(0.511 (0.338

800 |0.362 |0.467 |0.453 (0.324

0.237 |0.815 |0.811 |0.438 |-0.047(0.097 (0.089

900 [0.203 |0.431 |0.256 [0.258

0.290 (0.487 |0.759 [0.666 [0.929 |0.873 (0.205

1000 |0.447 |0.387 [3.097 (0.760

0.572 (0.357 [-0.015(0.252 |0.757 |0.390 (0.571

1100 (0.239 |0.316 |0.304 [0.424

0.301 {0.215 |0.287 |0.305 [0.182 (0.416 (0.059

1200 |0.275 (0.290 [0.624 (0.198

0.296 {0.302 |0.366 [0.317 [0.247 (0.321 (0.225

1300 |0.199 |0.584 0.460 [0.390

0.185 (0.300 [0.194 [0.400 [0.747 |0.292 (0.087

1400 -0.160[-0.151}-0.180[-0.163

-0.253[-0.167[-0.137|-0.148|-0.180{-0.150/-0.140

1500 0.174 (0.196 |-0.952(0.268

0.230 {0.246 0.335 |0.217 [0.177 (0.179 (0.219

42

[Poynting vector (W/m?) x 10%]

gtere B YA s Eekat
is
3 Poynting
25 vector
335
2 253
15 225
=152
1 =115
0.5 m05-1
u 005
0 "-050
P e S o u-1-05
&
&fbéﬁ'\d&‘ﬁ@@ Q@‘é‘ @"‘@ x 1072
¥
Inteveral{d)
Fig. 4 Distribution of Poynting vector values
7.28e—-7
6
12 {2 :
-6
—7.0e-7
(A/m)
Fig. 5 Magnetic field contour of the optimized model
Of HAlEl Hiet Z0] €5 & AU, 7Y =2
U e AoE Y 2ol 1000nm, Xt
40| 70nm@l A2 SFEUCEH
Fig. 4= Table 29| ZI}E ZTANo=Z HIS
Jef==24 AXpZE 7+ 1000nm, XSl AHH
70nmofl A =S| SFefEl EQIEHHEO gl =
Ag =g £ QUCh coMSOoLE &8 s
S5t zAHo HAR9 XU|FQ HEE LEHA
230l Fig. 58 HOIME ¥ £ UKO| 2L
AR ZgEl 430 AV[EO HSH2E
=xet Ag =elg £+ JUYCH 2Lt YA
THE 4HEH 2L AXe A E SHe=E
4ot AUIE0| FHE Aoz Hot #H EEEZ
27 MO 2 FEED ASE g + Yot
SAH HMZUES H@SE HBZRLM EH

Journal of the SISS 2012 Sep ; Vol.8, No.2, pISSN 1738-6845



£
P
o
b
rer
i

=

aE, =
e Hejol

Fote

R |

o mor e
e >
HL Of |

ct

ZHo| Mo
26W/m?0i| Af
Stee
240l 20HH
RIFSPN
OfL|C}.

S RSIFSPNRe]

AlZHE 204K
Zioz EjUNZX Z

=

om

ok OR ro

t¥CtD sto{AM O Z X}
2081 BII=E

10 o

e
o
L3

in

10

20HH

0
4

2 H
ok
Il
rir

Ol

ol
N
il

2

o)
oy
o
mo rir
Mo Okt

O-IO-Ik ol
0x
fo
— 1o

o

J

=
o
Ral
[6)

£0 09 0%

a

o
¥
rh

C rr
_||I
1B
ogl
o

O

-—

fol
o B oo
O T 2 mo

r

o
m]
L

ol
£

Oy
> - ol o

[

I o i
o N 4> ofm |o ¥©

n 2 mo o rot Hu 2@

o ¥

- I®
ba

L
I

ﬁ
2
1o
40

i
1A
-1 oo
_O'E
@
o & >

r

10
10

oxr R

!

e
N

x

rir

C

£O ol

of ==& 20128k
MHES=Z SRR

712! (No. 2012-0005701).

Journal of the SISS 2012 Sep ; Vol.8, No.2, pISSN 1738-6845

ot

40

(S

Ao
L

[1] Lee, J. C. and Yoon, K. H., 2005, "Technical trend of
thin film silicon solar cell”, Ceramist, Vol. 8, No. 5, pp.
7-20.

[2] Xia, Y. and Halas, N. J., 2005, "Shape-controlled
synthesis and surface plasmonic properties of metallic
nanostructures.”, MRS Bulletin, VVol.30, pp. 338-348.

[3] Kelly, K. Lance., Zhao, L. L. and Schatz, G. C., 2003,
"The optical properties of metal nanoparticles: The
influence of size, shape, and dielectric environment", J.
Phys. Chem. B, Vol.107, No.3, pp.668-677.

[4] Pillai, S., Catchpole, K., Trupke, T. and Green, M. A.,
2007, "Surface plasmon enhanced silicon solar cell", J.
Appl, Phys, Vol. 101, 093105.

[5] Akimov, Y. A. Yu. A. and Koh, W. S., 2009,
"Surface plasmon enhancement of optical absorption
in thin-film silicon solar cell”, Plasmonics, Vol.4,
pp.107-113.

[6] Myers, R H, Montgomery, D. C., 1995, Response
surface methodology, Wiley, New York.

43



