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Improvement of thin film silicon solar cell light absorption caused
decorated with the array of metallic Ag nanoparticles

S. Kohnehpoushi®, A. Chaman Motlagh#

* Tehran, Nanotechnology Research Group, Academic Center for Education, Culture & Research (ACECR)
on TMU, Tehran, Iran saman.device@yahoo.com

#Tehran, Emam Hossein university, Faculty of Electrical and Computer Engineering, achaman@ihu.ac.ir

Abstract- It is used different ways in order to increase the absorption of thin film solar cells. Roughen the surface, Use
reflective layer under the cell and sensitization with metal nanoparticles such in. In this work, we use finite difference time
domain (FDTD) method to analyze the plasmonic effect of Ag nanoparticles (NPs) on optical behaviour of thin film solar
cell. Light absorption in the absorber layer is a key parameter to have an efficient cell. So in present work we utilize Ag NPs
to enhance light absorption. By decorating Ag NPs on the cell, incident light will scatter and as well as if it is in the
resonance frequency of electrons collective oscillations in the Ag NPs, then local surface plasmon resonances (LSPRs) will
be excited that can increases field intensity around Ag NPs. The wavelengths of the sunlight with AM 1.5 intensity profile
that intensity is higher, Absorption is increased by 20%. Reflection and scattering of light into the cell will be related to NPs
distance. Seen that for a certain distance, absorption enhancement is higher. This distance for NP with diameters of 40 and 80
nm will be 40 and 60 nm respectively.

Keywords: Thin film solar cell, Ag Nanoparticles, Local plasmon, Light scattering.

Yoy
DBl oy BB WWW.OPSLIT colus (o a5 cowl jliel glyls 500 50 allie oy


mailto:saman.device@yahoo.com
mailto:achaman@ihu.ac.ir
mailto:saman.device@yahoo.com
mailto:achaman@ihu.ac.ir
http://opsi.ir/article-1-731-en.html

[ Downloaded from opsi.ir on 2026-07-03 ]

Cely 0y oo (5308 sloo,d $5 ol pulSie jo aS ) i
L) it e a2 5o g 0ol mhaw b 3,55 5 plSn )58 ST
aalss Ci lacie aalydl Gl opl a8 WS b Odl> asl o
Jsb 25 slapsl plsie s wlgico 5388 slo 0,35 (reizpan 0
prilSe )3 09 JosS (olades 4 S35 (s Sj90 4 goe
S92 il 4 5,0 s Gz i Y oS (A 6l po
T 45 0ad Jad (ol (gendl 5 Mh 4 adyeS )5 o)l
4 50 g 00d S o (solbdes 5 3 S i Juad e )3 Wil
Job (252 50 g oa (Syadly glsal (] 090 culaa soladers
Slys 0y h> -9, Sl adgs 4 jomie 45 358 D g oud A
8 S e G 50 oS (6508 03556 S 5 e ST [#las
J=ad 3 0,590 ol (g (Jy el oo e Sl (sles 513l
5095 oo oaeld ol (K0 0,05 oo J1 8 e (o S piis
St )10 6 YL CnS cab 4S aime Ceas 4 ST,
"0 5 192 e S e Juad a0 1) 058 $U Gl ol
Dz Aol Ceom a3 398 o0 Sl & a0 o0 18 S Sl
S O9Seke SIS 3 1) (65t e S )3 9 998 0asST
Ol b Jg oo e plis 1) Y slesl 520 wlaalin aldl
9 soslail 5 Jss [V Yl oazs IS T 55, Sslotianw & 90
mo)d el 3l A S a5 ST )0 (sete el 058
St jlade (g3lrdass 4 iS00 (el g3 loe b S sS lo
8 1 ol [P1asS o 00815 o ) olodass Can @ 1) 498
okl elais Sl 55 L 5iys) -038 Jao 51 5308 1,8 S
SsF ot G S 5 gl (o @l b o DYl as
- oo ol 00 Bl Jae ol 3 L3 ojlasl 136 VEls s g5

by (1) akaly ©jg0 ) Joe g

@ fei
- 5 + 3 T
wlw +ioyla)) " wl+w?+ifLo

E&g(m,cx,ﬁ] =1 W)
Sl 5 (e ol (ol e oo oS S Wp gL I &S
A VTN e, gl S el Lé_m,
WY by ds aiiiwd qudaid ¢

o3l s aS Sgedl (mlpwe b VY] el onss 558 -

calpo a8 55 By a el VYA

Lol (V) alaly & g0 4y ol Mlj
yla) = yp + AVg/a ™
VE YN T L ol Sl 0,85 0095 5 sl oo <ol Vb a5
A S d i 4S5 el oy A 0,356 glad 0 (0 )8 sy
S gl ol glate aily oailingy (slosls 4z 1, 6,363 Gl LI
S Slss s B3 gl aS el HIVD s ol g 5l

g seleS 5555 o ps ol
Sl L o)S gl (@) pad 03 M elilB (L, 55555 5l eolanl L

w3lisn i Dyp0 a4 Ve 5 & (ood S Sl

gt+1
o= o3V r+? )
w‘f)u)swmwj|}:5‘szd>éjamaja»um)o
r—1)" +&
Csl:sttsring |(CU’ED]| __(3 ) ﬁ ®
35[. (&)

Cabsorption = k3 (/29) = Wt

Yof

g S o825l ATAY oless YO LYY

doddio —)

S 5P s g sl 4 anie alS ard s sladshe 5
St 50 05 )8 b s Wb oS el ola el ege ]
p3d e Oy & 3L Y and e slo Jshe Boa )l 3o
L Jiw S slagsaloans [Y ) ]as (8,me (st yo5 slo Jsho
A g0lge aloz I .. 3 CdTe (GaAs CulnSez Si (ks
035 Ol oy [Vl Wgs oo ool b Jsko g5 cpl 4o a5
4 ne-Si a-Si CdTe CIGS sla Jshos sl 00 615 o5l
ISt [fealaoys VeV 5 A VBV YN L oy oo
e calacs 0ol ad s ol wiis e sl ges onl Lol
o ol sl byl ol s 5 S lail el 4 Gl el
9y ) Foeme calis L glolis b jo el el 03
oRlPleel as SCh aye slaaSs & g0 4 mlaw 05 25
)95 @3z Olie 098 (s jo5 il Al 4 5 1S )98 o
Ol Ghg) cnl 5T SE A slajbsle jo Jy e (oo (I
ol iz v slp & lasleriyg 5 (S [0]6 5 eolizal
a5 Ceul 638 sl sl il 5l oslitul 355 0 ke b LS L
[Cad¥d [E]J-‘“ Sgete 1y Jsbs 003l g O3laile ali a1y 595 wilgs
Dl T 5 [0 VT gasiyes slo Joho 5y 0225 o
ol 3 S35l g sl el 150 1 i SRl ol
by QB3L Y (3,5 BLAIL ool (Rl 5 Cdz dgae s o
355 o b 38 3l [V el suss asls 5 1L Haug
155 ol sbo goe b 0 g (oo (Sgeadly s 4 (5999
ol 395 Joloww 50 i Gl el g 0oges Cughi ) (6399
I 4 jg i STy Sl 3 O3l by gl le
3 LPlogs 3959 195 it Gl 4 e Wilgi oo g ot Ll
sl 00 (g (ke Gt y53 S (i b allie
s LITO 4 5 g o0s Ll yiegli Y+ b a3 coalses
oSl lgie @ yiegil Ae cuals L AL 5l g 0515 lgie 4 yiogili Yo
ool jedaie a0, (538 36l 5 slal, |l suls solal
oo iz 9y ol 3L 5 0ud 00z ITO Y (s, Jsbo (5l
3 dlisee slaojluil g oo 5l O3 akold 56 ol 00 o
At 29l 050 Zuled yo el 0ol (g3l il (i b (59,

5 dalgS (5

S8 9 59w Y

L A3 0yh - 09 3 aldss (gaal o3 b Jske JI p il
Jobo a2 55 cole and (el o3 slo Jsbo jo el vl o3 )58
T 09 2d 51,0 358 (o0 i (Jlad 42l 50 g 0k ool
S o a0l g ] Ceas 4y S 4 g 00 g 0ya> -y S
595 5l g,y il (o Wil Y b &5 Sl oS e
by silw ilas L asiS (o0 jome ool (Gilo 5 00l Qi
Frim sy g el ab &) )95 Gl oo i 59, S350
a0 Wl e Guyb aw 4 Geedly o lsle S Qi ) )y
A S st sla sk 3 5 25T i 5 Sl


http://opsi.ir/article-1-731-en.html

[ Downloaded from opsi.ir on 2026-07-03 ]

oaid plas 0,356 b oS > (gl SSLew Y i b Y ISs
b 4 0,85 &l 3gl 5l 6l )T L oas elao > (o iomed g Sl
yinglb Vo alold g yiegls ¥-

by G5l ulas 09l (oo 0 ¥ S 50 a8 WS len
o0 gg Jo-b 5l slojle po i Gl ey e (o508 350
Sg=g ;51,0 D3l bawme 4 53 1Sy 4 S RIB Cnl ol
Job 50 i (§ e 48] Sl @ )95 Cansl g o 3950
Leojss 550 50 wsd )l sl 5l ailys 5 a5 (b 1) Jobes
Ol % 5 90le (oo Jsbo ;5 1) (650hn yras 5 00 0aiST (3l
= Lot yiion slo (9998 Do el et o il oo a4
Pz 4y g aShl 5l 8 b s 53 550 85 ol ol 5l 0sd
iz 3 o La (4558 5l (5 lake w9l o azlge I35 L as
T Job ©yslme ;5 gyhl jledin; (coi D3> 4Y 4y Nigd (o0
Wyl ) Gl o yiin O3l a8 (egil YF ) Sgendly ayauis
cib s azg b ccul oo, S g Gials Q3 Y Qi i
595 o Gas aS ole zee Job 0 AM 1.5 as e il
A o (6 idion il Sl Cdar Gl el d anh e
Sh3gls ggezme ;3 cnlplin s il slo gos Jo-b nlw
Job o33l Gualpdl i 5 LS lo Qi Gl el (Sgedly
1, o3 )T oSSl e s Bl ¥ USS s wialss

3 oo (LiS (Sgendly BT Toe Job 5o

5 el o lab by S35 4yl (Sl e s lby <Y U
(Roglh ¥94) Spadly 50055 g0 Jsb o siaglh o alol

S50 SO SI lage Dud gl g0 0 ¥ SE [0 a5 a5eS les
ol S ity S35 BT 3 s (sla 5y 2
Sdsi Sesl g oot of O3l 4l L Wig oo (Sendly gl
Ole 695 o 31 0,395l Alold ogds (6 i 0,k = (59 xS
aalss 36 Jsho Qi (liee Geizren 5 S 4 45 ST
Aol as olo s o jLsle oS 0ed oonus ¥ JSE 0 00
o ol Solate (5,L8, pds b il Gglaie mo 5l D346
Sl lime il i o2 5l S alold az e 05l oo 00y 20
) g ol a8 (Sgendl WaiS e Jsb Spglne ;5 i
S e )35 Ol e 43S 53 g 00 yeS S3gl 50 Qi e
Ol 58 7 595 ST (liee (Jg e 3l 4ol 4 Wy oo
@iz b ojl )5 Qdar IRl liee 4 55 5 009 eSSl
el B L 5 al 3 iy alold (T iy ol S
Aol s gl 1y il aY (i ik ¥ USE al (5 9,0
o ki Ty ol Fe o3l a4 0,85 S 3gl (g yragli #e g e LY

AR

Yoo

S S e oRadls YAy OLQ..{D YO LYY

k =27/, )
aaid gl Sl 5 i plalie mhaw Y SYoles 4 4z b
s3T5 sl ol Eresonance/h o 5 (il 3 55 (Sgansdly
Y5 gl s e - g S TFY 055 (gl s (g5, D5 5o
L odame 55 3 ol aF oolSin ol o0y dnslons g oy,
Fomb @il wass (El5,8 wipS 18 ok on Dy cLlE
e Jl (Sye aib o Coa sy

Lumerical FDTD Solution /58l s ,5 5l Gis awlxe o
ooliy80 L e 0y 0 0l 58l e 5l o iconl oals ool
S5 o0 drwle Poynting ,ls

P,. = —.5 real(V.P) ©
S3d e gl (A) alaly &j90 4 Zules jo a5
Pabs =—5buw |E|2 lmﬂg(Ej @

15 sl 00 5 dls Y Sy s s € ¢SS e E a5

o g gl -Y

e oo olis | ead (g3le 4t Joho (5 bl Solets ) JSCS

¥ ).iaﬁa.!o)i'. Q\).SjJULASL;:Jb 6‘):’ Jsk é-)\.‘;;;L.; Solews - S
el ool ‘_}«JLM))A.ABJL

3l Y leie 4 el Yo calies b ol o ks 4
Yo gle culios AL GITO (le agy 5l el sas oolicl
ol 0 oolizal 33T g WIS loie 4 i 5 4 yiegib Ae g yiegil
5> 35l 51 slaghT ecenl ot ools ()Lis JK5 5l a5 aisS olon
39 09d (oo 0dliiul (Ggendly S9ute s9liie 4y 45 0 onz oo
oS gl B e s 0w olal el ouls 0uol LSl 4 YL
s PML o YX Gle ez 52 50 sipe Lulyd 5 00
ot Ol S S (o5 il ol ot 423 F L s Periodic
ol 00 gl 5ol SOPRA N&K Database slasols 5l ol

s oo ol |y Jslo (i il VS

" ——without A
0.6 ) \"\\ hent 48

— with Ag period 20 nm,

Absorption
=

=
e

02
\/
01
1]
3.0E-07 4.0E-07 5.0E-07 S.0E-07 TOE-0T 8.0E-07

wavelength [nm]


http://opsi.ir/article-1-731-en.html

[ Downloaded from opsi.ir on 2026-07-03 ]

S50 ks lu J s 4 ye GiaSTy 9 S5k (g9, Ol,dek alold
Ol op yiien e oo ol Aol Sl 4 0el o snus
sogls A g B ki L ol dgl ol alols (pl oS ol |, Qi

Lol Jagili P g Feoci 4

&=l -0

[v] J. Grandidier, D. M. Callahan, ]J. N. Munday, and H. A.

Atwater, "Gallium arsenide solar cell absorption enhancement using
whispering gallery modes of dielectric nanospheres," Photovoltaics,
IEEE Journal of, vol. 2, pp. 123-128, 2012.

[v] S. Pillai and M. Green, "Plasmonics for photovoltaic

applications," Solar Energy Materials and Solar Cells, vol. 94, pp.
1481-1486, 2010.

[¥] M. Berginski, ]. Hipkes, M. Schulte, G. Schope, H. Stiebig,

B. Rech, et al, "The effect of front ZnO: Al surface texture and optical
transparency on efficient light trapping in silicon thin-film solar
cells," Journal of Applied Physics, vol. 101, p. 074903, 2007.

[¥] A. Luque and S. Hegedus, Handbook of photovoltaic
science and engineering: John Wiley & Sons, 2011.

[a] S. Pillai, K. Catchpole, T. Trupke, and M. Green, "Surface

plasmon enhanced silicon solar cells," Journal of applied physics, vol.
101, p. 093105, 2007.

[5] H. A. Atwater and A. Polman, "Plasmonics for improved
photovoltaic devices," Nature materials, vol. 9, pp.Y+\+ Y\Y-Y.0 .

[vl S.-S. Kim, S.-I. Na, J. Jo, D.-Y. Kim, and Y.-C. Nah, "Plasmon

enhanced performance of organic solar cells using electrodeposited
Ag nanoparticles," Applied Physics Letters, vol. 93, p. 073307, 2008.

[Al M. Westphalen, U. Kreibig, ]. Rostalski, H. Liith, and D.

Meissner, "Metal cluster enhanced organic solar cells," Solar Energy
Materials and Solar Cells, vol. 61, pp. 97-105, 2000.

[a] A.]. Morfa, K. L. Rowlen, T. H. Reilly III, M. ]. Romero, and

J. van de Lagemaat, "Plasmon-enhanced solar energy conversion in
organic bulk heterojunction photovoltaics," Applied Physics Letters,
vol. 92, p. 013504, 2008.

[l S. Tong, C. Zhang, C. Jiang, G. Liu, Q. Ling, E. Kang, et al,

"Improvement in the hole collection of polymer solar cells by
utilizing gold nanoparticle buffer layer," Chemical Physics Letters, vol.
453, pp. 73-76, 2008.

[l F.-J. Haug, T. Soderstrom, O. Cubero, V. Terrazzoni-

Daudrix, and C. Ballif, "Influence of the ZnO buffer on the guided
mode structure in Si/Zn0/Ag multilayers " Journal of Applied Physics,

vol. 106, p. 044502, 2009.

[yl J. Mertz, "Radiative absorption, fluorescence, and

scattering of a classical dipole near a lossless interface: a unified
description,” JOSA B, vol. 17, pp. 1906-1913, 2000.

[vy] V. P. Drachev ,U. K. Chettiar, A. V. Kildishev, H.-K. Yuan, W.

Cai, and V. M. Shalaev, "The Ag dielectric function in plasmonic
metamaterials," Optics express, vol. 16, pp. 1186-1195, 2008.

[v¢] P. B. Johnson and R.-W. Christy, "Optical constants of the
noble metals ",Physical Review B, vol. 6, p. 4370, 1972.

St S e oKisls A YAY OLQ..{D YO LYY

—without Ag

— with Ag period 20 nm
~ - with Ag period 40 nm
wewith Ag period 60 nm

0
30E07 4.0E-07 SOE-07 6,0E-07 TOE-07 ROE-07

wavelength [nm]

amwba)éybbﬂgdbglﬁ@@dgy633?@.!9—\‘;}&.2
4 0,5 Sly36l 51 sl al,T b oo wle sla Ul 50 (rizran g Sl
el e g Fe Ve gla gl 0,50 40 g egilh Fe lad

sl sl 35 T o3l 4 D30l (g pdy halad e T )
5 005 Sglie )] (a5 55, 45 8, oo LTl Wl ol s b
Y od b b S bl glite Johe iz b 1l 4
oy 3 gyl Fe g Fe Yo alols aw gl |, wilr

s o las |y egib Ae ojlasl

—Withont Ag
v e with Ag period 20 nm
* “we=.  —-with Ag period 40 nm

% ——.with Ag period 60 nm

3.00E-07 3.50E-07 4.00E-07 4.50E-07 5.00E-07 5.50E-07 6.00E-07 6.50E-07 7.00E-07 T.50E-07

Wavelengih [nm]

oS plus 0,350 L oS 2 ol S 4Y pie el -0 S

@ 0,85 Sly36l 51 sl al,T b oo wle sla Ul 50 (rizen g Sl
Segilb e g Fe Ve gla gl 050 j0 g egilb Ae lad

Lol b mhb ol 0 058 0 000 45 4565 los
a e 4 Sl wl wrlgss Ol ialiEl cael L & o308 I3 gl
L sl Gosls olias cdle 45 0l aalys 55 wiar tals
65 Sl GRS el B alols 5 el A Llad L o35l
iz oalplsy ols ol o it g engs Ll SIS Cans
PN RCT SAPTIR I ST FUEARVS O LRI

G aomis -F
S SHU Y (0d)55 Joho (6598 53le e dllie (0l o
o 5508 35 51 ol i i 35uge i 4 02 ol
4 9 Ol3gll 092y 5l (BU ) ST eizmen g (o (Syedly
g dsb sl sl ol o (pd b Jlsle 2l o 55 gslail als
o AM L5 o lasliwl (il cids 4 azg5 b a5 (glodgazme yo

3 oldels alold ;56 .l oo Sgue LY sl iin 09> e
as GJLJUT 3wl ous NP REA t b g, Lej o3l g o2

N\ g


http://opsi.ir/article-1-731-en.html
http://www.tcpdf.org

