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B 5, SE g —F1 g5 A K 700 nm BT H
I—R . X anlE 5 Fos, fE— e KTEREN, 1
3 o 0.9 eV I KF 1.0 eV, S5K) IR &
IS EMR 2R EER. R R &5 T
AN—EA &G, BT R, o fma 4
JE R A5 B TR VS IR AR R A A, e & S HO

WSeie (i o B R 2B AR A, HONKELS thaT DU Y, 454
AR T50 nom P SCH B IR, X R SR N
A B SRR B ER A, A T A T
Heig 291,

1.0 ]

0.8 PR, c

0.6

—— T(pe=0.90) __ .
0.4 o T, = 0.90) R(AFIMAIGIZE)

—o— R(p. = 0.96) ~+ TORMITEH)Z)
—o - T(pe = 0.96)
== R(pc =1.00)
% R(pe=1.00)

SR R MER RS T

0.2

0400 450 5.00 5.50 6'.00 6.50 7.00 7.50 800
HK/nm

e (MTREE) RINASEEESHE SINA S IE IR b
Tk S RBURME iy A (206 i S B 5 41 U 2 0 Il R
N — R R SRR, SEFERE 5SS EE
TEHE L7 MR 45K —AEA S e = 0.9 eV IS &
G R W S 5 i G R 7 M R Eik —
TEE S pe = 0.96 eV B[RS RECS M R L B
Xtk 5 B0 SR L D R4 A pe = 1.0
eV I (RS S 80 i R )

1.0
0.8}
5 06f
W&
=
X
0.4t
—— RN RZE
—— e = 1.00
0.2 —o— pe = 0.96
—— e =0.90
0 . . .
400 500 600 700 800

Pk /nm
7 (MTIRE) RN SRR A 5 I S A e &
TE R R 3
6 20 HY P S5 K FE NI A1 2 90° FZE B S S
FAECL A R A, Hr AKX W T:

1 2
‘P fop H(z,y,) exp(jko cosOx)dz
Rp - A2 )
1 2
‘P foP H(x,y.) exp(jko cos 0x)dx
Iy = . (37)

A2
Horb, Ry, AT, 23 B3RS W S 28 B0R & B 1%

018101-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3R Acta Phys. Sin.

Vol. 64, No. 1 (2015) 018101

RHL ARNGDCRIRAE. RIS (37) KPR
At R BT A K, ATRRICR S AN

A(N) =1— RO\ = T(N), (38)

K7 ORI R B AN ) 2RI B 7 RT B
e — 55 SR R R AT 2 5 5 TR AT B A
JFE 2R ART & SR, &5 B e AR BRI
YRR BB N, B 7 B 9 AR B R SOR R A sk
o5 R IR B ARIE AR ol B4, K2
R M AR AR T (38) AR THSRA BRI, 5 (36)
FELHE, WAFAE — € (IR IR 2.

H./(A/m)
4.0
3.5
3.0

2.5

z/nm

2.0

1.5

1.0

0.5

1
0 20 40 60 80 100 120 140 160 180 200

y/nm
H./(A/m)

180 6

160

140 5

120
E 4
£ 100
8

80
60
40
20

O ]
0 20 40 60 80 100 120 140 160 180 200

y/nm

NEISET R NG — 545 L B
Hr K. KE8(a), () NG —1EHE KN =
700 nm A\ =770 nm B [RES S35 HE o5 AR,
K8 (b),(d) W& A H pe = 0.9 eV K
A = 700 nm fI X\ = 770 nm #3535 HE 5
A . B A r U R0 7 A A AR o S A e T
SPRIMF=AERIZ G I 5. HAE N = 700 nm
A = 770 nm &b, TS50 AR SRR RS> S
A IONF S84, S0 SR AR AR R A, Wi
Wy HY 03758 53 A7 5.

H./(A/m)
4.0
180
3.5
160
140 3.0
120 2.5
g
£ 100 2.0
5]

1.5

1.0

0.5

1
0 20 40 60 80 100 120 140 160 180 200
y/nm

H./(A/m)

[
o

z/nm
- N W A ol N 0 ©

0
0 20 40 60 &80 100 120 140 160 180 200

y/nm

B8 (MFIRM) RINA RIS S IR BIGLEME X = 700 nm Ml X\ = 770 nm &1 HE 54 (a) & —7E X = 700 nm &k
19 HS 43415 (b) 458 —AEA% 3 e = 0.9 eV, A = 700 nm BF IR HE 53415 (c) 854 —7E X = 770 nm &% HE 5374i; (d) 458 =

HFES e = 0.9 eV, X\ = 770 nm B HE 5374,

5 % #

ARSOR A SRR IR IO 06 HL eI, 32 FDFD
TN 5 A SR (1 T K PH B AT T A A
W, G R IR T2 e BORV, T BLE 5y 1
R A 2 1 R IR AR R A O3, AT PSR T K
BH e LB I W s e B RN, e et 45 4 )
S A WCBURFSE S 3 A 5 2R U W T 4

PRILIIR RE T 0 T3 FE R FH e R T O IR . 2 SEBR AT AL
VR B e vEL T 1 ) 5 v, R RATT B B S 5 R,
AT DA 2 T 75 20 R U AR K FH RE LR, D SR
A HLIE REOK BH RE A b (1 e TH AL AL SR 4 T BRI 2
it B PR S HE.

S0k

[1] Carlson D E, Wronski C R 1976 Appl. Phys. Lett. 28
671

018101-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1063/1.88617
http://dx.doi.org/10.1063/1.88617

) I8 % 3R Acta Phys. Sin.

Vol. 64, No. 1 (2015) 018101

(5]
[6]
[7]

Sha W E I, Choy W C H, Chew W C 2010 Opt. Ezpress
18 5993

Wei Y, Xiao F, Wu B, Huang Z X, Wu X L 2014 Acta.
Photon. Sin. 43 62 (in Chinese) [Z2JH, HUg, 2, &
¥, RIER 2014 TR 43 62)

Novoselov K S, Geim A K, Morozov S V 2004 Science
306 666

Bao Q L, Kian P L 2012 ACS Nano 6 3677

Wu H Q 2013 Chin. Phys. B 22 098106

Nair R R, Blake P, Grigorenko A N, Novoselov K S,
Booth T J, Stauber T, Peres N M R, Geim A K 2008
Science 320 1308

Wang F, Zhang Y B, Tian C S, Girit C, Zettl A, Crom-
mie M, Shen Y R 2008 Science 320 206

Liu M, Yin X B, Ulin-Avila E, Geng B, Zentgraf T, Ju
L, Wang F, Zhang X 2011 Nature 474 64

Lu Z L, Zhao W S 2012 J. Opt. Soc. Am. B 29 1490
Schwierz F 2010 Nat Nanotechnol 5 487

Wu L, Chu H S, Koh W S, Li E P 2010 Opt. Express 18
14395

Vakil A, Engheta N 2011 Science 10 1291

018101-8

Peierls R 1935 Annals de I’I. H. P. 5 177

Landau L 1937 Phys. Z. Sowjetunion 11 26

Yin W H, Han Q, Yang X H 2012 Acta Phys. Sin. 61
248502 (in Chinese) [FMHLL, #hH), MBELL 2012 YBE 3]
61 248502]

beilenhoff K, Heinrich W, Hartnagel H L. 1992 IEEE T.
Microw. Theory. 40 540

Simsek E 2013 Opt. Lett. 38 1437

Li Z Q, Henriksen E A, Jiang Z, Hao Z, Martin M C,
Kim P, Stormer H L, Basov D N 2008 Nat. Phys. 4 532
Chew W C 1990 Waves and Fields in Inhomogeneous
Media (New York: Van Nostrand Reinhold) p121
Wang H, Huang Z X, Wu X L, Ren X G 2011 Chin.
Phys. B 20 114701

LuSL, WuXL, Ren X G, Mei Y S, Shen J, Huang Z
X 2012 Acta Phys. Sin. 61 194701 (in Chinese) [& /7,
RAER, EW, FHEME, L8, HER 2012 YH R 61
194701]

Ren X G, Sha W E I, Choy W C H 2013 Opt. Express
21 31824


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1364/OE.18.005993
http://dx.doi.org/10.1364/OE.18.005993
http://dx.doi.org/10.1126/science.1102896
http://dx.doi.org/10.1126/science.1102896
http://dx.doi.org/10.1021/nn300989g
http://118.145.16.217/magsci/article/article?id=18001131
http://dx.doi.org/10.1126/science.1156965
http://dx.doi.org/10.1126/science.1156965
http://dx.doi.org/10.1126/science.1152793
http://dx.doi.org/10.1038/nature10067
http://dx.doi.org/10.1364/JOSAB.29.001490
http://dx.doi.org/10.1038/nnano.2010.89
http://dx.doi.org/10.1364/OE.18.014395
http://dx.doi.org/10.1364/OE.18.014395
http://www.ncbi.nlm.nih.gov/pubmed/21659598
http://wulixb.iphy.ac.cn/CN/abstract/abstract51402.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract51402.shtml
http://dx.doi.org/10.1109/22.121730
http://dx.doi.org/10.1109/22.121730
http://dx.doi.org/10.1364/OL.38.001437
http://dx.doi.org/10.1038/nphys989
http://118.145.16.217/magsci/article/article?id=17372224
http://118.145.16.217/magsci/article/article?id=17372224
http://wulixb.iphy.ac.cn/CN/abstract/abstract50090.shtml
http://dx.doi.org/10.1364/OE.21.031824
http://dx.doi.org/10.1364/OE.21.031824

# 32 % R  Acta Phys. Sin. Vol. 64, No. 1 (2015) 018101

Study on the electromagnetic properties of thin-film
solar cell grown with graphene using FDFD method”

Zhou LiY  Wei Yuan" Huang Zhi-Xiang)’ Wu Xian-Liang"?)?

1) (Key Laboratory of Intelligent Computing and Signal Processing, Anhui University, Hefei 230039, China)
2) (School of Electronic and Information Engineering, Hefei Normal University, Hefei 230061, China)

( Received 13 July 2014; revised manuscript received 23 August 2014 )

Abstract

In recent years amorphous silicon solar cells have been receiving a great deal of interest due to their high energy
conversion efficiency and low cost. The positions of absorption peak reflect the good absorption performance at specific
frequency point or nearby spectra. However, the absorption peaks of amorphous silicon solar cell which are mainly
determined by the properties of amorphous silicon and metal electrode, cannot be tuned. And the absorption efficiency
can not be further enhanced also. Therefore, monolayer graphene film will be employed in the solar cells with periodic
structure due to its remarkable electro-optic properties. With a suitable chemical potential applied, the dielectric constant
of graphene can be tuned. This design mainly aims to tune the position of the absorption peak based on the graphene by
using finite-difference frequency-domain method. Also, an approximate fitted function is developed in order to overcome
the singularity in the exact expression. Numerical results show that the approximate closed form expression generates
results within a maximum absolute error of 0.8%. Theoretical results provide the realistic organic thin-film solar cells

with theoretical basis and technical support.

Keywords: graphene, thin-film solar cell, finite-difference frequency-domain, chemical potential
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