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Design of Silicon Nano-bars Anti-Reflection Coating to Enhance Thin Film
Solar Cells Efficiency

Mandana Jalali'?, Hamid Nadgaran®, Daniel Erni?

Physics Department, Shiraz University, Shiraz, Iran
“General and Theoretical Electrical Engineering (ATE), Faculty of Engineering, University of Duisburg-Essen,
and CENIDE- Center of Nanointegration Duisburg-Essen, Duisburg, Germany

Abstract- In this paper a novel anti-reflection coating based on silicon nano-bars is designed and compared to conventional
anti-reflection coatings. Silicon nano-bars with optimized size and period are designed and embeded on the active layer on
top of which a 100nm Si3;N, layer is coated. As a result the proposed layer stack, an intermediate layer with refractive index
amid the two layers is formed and a graded refractive index anti-reflection coating is achieved which has a substantial effect
on reduction of reflection spectra. Such structure effects reflection even at 45 illumination angle. To validate our claim, the
proposed structure as well as four conventional anti-reflection coating is simulated and through computation of reflection
factor and silicon absorption spectra, it is shown that our structure outperform the already existed anti-reflection coatings and
additionally strongly couples the incident light to the active layer.

Keywords: Optical absorption, Light coupling, Graded refractive index, Anti-reflection coating, Solar cell.

Al g s J B WWWLOPSEIT Col jo a5 cel jliel glils 5,50 4o dllin oyl
668


http://www.opsi.ir/

o3 ol&isls AYAY ol yegu AL P

Pz S culro b a¥ Sy Ll e Sk
CeSll G pd @y Hedime CeSh Cuys g Eae Job
Jsb ok ,o slaY¥ oz sl asls 1) onpy 4
Seop Sl sl ki g wiS e )5 g3g95e (290
bk ws slaY Ko Bkl cal canlo 3g0e 4
copo bz gbaY ks oY ws S
g ardly sdomy Cle a5 Wils oo 4 SUop S
Oy 5o olgsds CaSls o po b cuslin olge o)lgen
W d Sl S 2 ey (pl 4 S e
90 Sbb o aY alas ol o whlo Y SO sl
Ok 5 Bolew Y 95 (o jie ol g S Y
95 5 Sy 05k cpgeinsl] wonST Y ds g i
OsSeen poaiagll 0T Y Sz BT 58 5 sl
L alie 5 aailo (65, 5 Il ST Lty 5
ody b Sl lacdB ol L
3 Olasin Cwl oads gle and 0 i eSdew

el 0]V Jga o sl

o (53l s Sl 05 sl e laiie ) g

JolaY | pegoa¥ Y ay
P Pl
A )bu SIOZ Mng = =
[75nm] [60nm]
B )L’foLw S|02 Si3N4 - -
[10nm] [55nm]
C )bu A|203 Si3N4 ZnS =
[205nm] [22nm] [29nm]
D )L’foLw A|203 Si3N4 Ta,05 ZnS
[21nm] [14nm] [18nm] [26nm]
- I b c-Si Bars SizNy = -
’ [100nm]
b w=160 nm
Oyt h=45nm
p=400 nm

z=bs -y

Sregl Foo ¥ L S oaY ol Joko
im0 y2agil Fr ] 5 50 o (Jbwy 57 (358

oads aslds Obb s Y YL o g 0,ls 1,8 5y xS

669

doddo —)

JB ol @ azsi b SHL Y gl o sla sl
Jase Jo 50 @Vb il (Jld 4Y culis axg
w1y iz 5l oliws azgi gy cpl 5l g il (65 5]
WY Cwbrs pals plax S1IVA] Wlos S s s55
5 aS esls gals luas ) aY Senl wde o Jls
&) sk &Sl ol pladsbe iz (L) A
el wde Gl Gl e ST aads )l
“ S ! et ahaz 51LEXT il oot slpiny
$39,8 ,5 o) Gl L A cel Dbk ws Y b
i Ssat |y 05358 wix Jleial (Jld aY o550

Lol

Eoie o p)l5 4 4z b Ob5L ws sl )b
Clz 0t A gl azg A paiz pleaY o
IVE] cal snis slopig ooiie sla>lb 5 wo S
L o Jobo b (o e 4 425
Voo B ¥ee 58 Jsho osnf il sligg & 425
Sy 598 il ggie sLloy (rizran g Cowl legil
20 3550 clie UL AY (b g,y Jsb e
ol SHIAL 3ls gy 0 5LS om0 s j95 sl sl
Gl E3oe 6B y9 ke culie (b 280 )
GdB 5L bl ao aY sl 4 F E alli
o dlghdin W i GoSelew by ol pen 4 (Sl
Llgy soled o cwlio CU3L alS 4 x5 b aS ]
Gloojl (S p po Jd Y L 5 g (Sad cax g
@by sladobe 5o olie LI (s Job
as sl seles 5l a5 ol aalgs ools las g o)ls

WS o s i Jylate S5k

Uik ws sbal glyl Y

wese Sl 1) a5l Ol a8 el Sl
oY izl Sake Ok sl gl g les
oS wibe Oglite oS cuyps b Blis S
gobw 5l GUk layg U wigd o ol glaigSa
abls eaile JSI05 (55900 zae g Sl pg S35 alise
et s yialil b agly g zae Jobo gy (ol 5ol
L Y [?]..\,...)L»Ga sloy gz 2l o sass



oy ol&isls AYAY olo e AL P

S8 50 goledn lajbile LIS (o) jolaie 4
oud (Byre SU3k b bl gy 2 5l Sk Gliee o
ssbie el oad s Job i 2 ) Jga )0
Jsbo) e Jslo 51 il i ISl 50,51 ol
Sed o> 598 b b S e (Glsh ws Y e
S B gl as 05 co 00y Cal oalls a8l Jloges 4
g Wlools jzals sloo s slojb jo 1) Qb5L el
aS gy Ol el a5 cul o axg LB ass
odipd ;lis aS eolidl slasl cawl (648 a9 ,o8 b
Ot el Goelye sl bocelie AL
Ok @Y (goleiy lawY Ko o L
G a1y OLL VYA a8 cwl B jLEle) o s
M)LSA ).’a.t L =\.‘>)§| Ll 00l u....:elf & J}l...u
SO | ERP A CE PCIRT ICIVR I RVE Ve PRGN i3
Sopde (295 4 Jld Y Ol (i 50 psSelew Lo
S0 a0 wes o yialS e BB Gl 4l
(D jLzlo) oY e Lole e o aws 31, 095
Olse |y cde as ail wwlie ol )15 Ul M

255 Oy ol gae Job o 0 Yl (b

—_————

75
607
15’

- Reflection

'IEID SEIIJ 960 lﬂbﬂ
Alnm]
bl 0 ek ol gl sl 51 b3k Gl ¥ S

T Job conm Gl

I ] I
400 500 600 1100

I 50 HeSdws sl B JLsls ol wlSal )l
caslice LS’? L ] 00 ) alises 6[)‘5) ) Y
o, fles Jlsle axjo FO il agly b aS 09l 0
bl p gl 80 b agly g andls ol
Jeip sl ao a0 Ve il ol ansla s le

670

¥ 00 llyy s TE kb b 5 5 (g5l anedh oo
ouls odill LY fgeme 4 a0 e 4 VO Fo KO
2 otliie Glall Gl et b, b Sllone ol
ol 00 ploxil COMSOL (g5l acds |l330 o5yl
ao AY boosd gile A Jlsle cled N S8 o

Gl 00l ooly L golgainy SbjL

PML

ol Cbb as Y ol jeg oals (gl ancd Lisle awain ) S
S5k ol

Fegb 170 By agil YO el )l (oSl slacJB
bl byl cul a5 ks yegll Fre oglis
5 e ol Ses eisl e,y b sle A
Sl e s oSl g wleads SL
R s Sk (59, DelS el azes )0 5 ]
25 OsSeke L 5l 6esl 00 Y S g Wl
Sydss wxge (b (al oo JSAS LB (VL
By R L RELLI S STHEY

boo ol QUL A jo a5 S

13 T T
— Aml.5

L6 = Refrence Cell
= =—=35i-Bar

14 — ¥~ C Structure

! | | ! L
600 700 800 900 1000
A[nm]

Vodsaz poead (Bome Sl mh sl SBGL Gl Y SO
dsb e 2 andys> 26 b s gz pe Jsbo 51 Q5L olege
T

1100



OlRl SH598 (5,9L8 g (owiige il 23S (et 5 (ol SCigig8 5 Sl il ST a9y e

s Ol Jolaie SU5L ws ozl 5l s ksl
4 Jobw (Sl @i I8l g 5 o) 65V
Sl Je oopn sehie a4 gl e TOVY lie
cds w le pds g QUL b (oog i
Lbu.llﬁ u.a‘ 4\5 0l od‘\) ul.m.a 9 4..3; )‘)3 R 6)9.,0
asl i cuss copo b obb s jlisle LSis
)LZS )Q ‘..\.Z.QQGA w.zlf ‘) ul.a)l.: 4.7(.....: )\) 9 MQGA
b g adla il agly 4 Sl Siwly bl assy]

Gl iz ol (Jed LB Q)5 5 4z 0T al;
ez Jl Y L5 s (Sad chx LS o b5k
TOVY aSile b eapise s |, Jbb Y S|
SV s dob ol jo Y IS G o Sl

el 0] Sy el VY e e

&=y

[1] H. A. Atwater, A. Polman, “Plasmonic for improved
photovoltaic devices,” Nat Mater, 9 (2010) 26229.

[2] F. Hallermann, C. Rochstuhl, S. Fahr, G. Seifert, S.
Wackerow, H. Graener, G. v. Plessen, F. Lederer, “ On the
use of localized polaritons in solar cells,” Phys. stat. sol.
(a), 205 (2008) 208.

[3] K. Nakayama, K. Tanabe, H. Atwater, “Plasmonic
nanoparticle enhanced light absorption in GaAs solar cell,”
Appl. Phys. Lett, 93 (2010) 12.

[4] M. Jalali, H. Nadgaran, “Photon management of silicon
photovoltaics through scattering and near field effect of
nanoparticles,” Proc of the 5th international conference on
nanostructures(ICNS5), Kish Island, Iran, 2014.

[5] S.J.Oh, S. Chhajed, D. J. Poxson, J. Cho, E. F. Schubert,
S. J. Tark, D. Kim, and J. K. Kim. "Enhanced broadband
and omni-directional performance of polycrystalline Si
solar cells by using discrete multilayer antireflection

coatings." Opt. Exp. 21.101 (2013): A157-A166.

[6] D. Bouhafs, A. Moussi, A. Chikouche, and J. M. Ruiz.
"Design and simulation of antireflection coating systems
for optoelectronic devices: Application to silicon solar
cells." Solar Energy Materials and Solar Cells 52, no. 1
(1998): 79-93.

[71 K. Bikash, T. B. Pandian, E. Sreekiran, and S. Narayanan.
"Benefit of dual layer silicon nitride anti-reflection
coating." Photovoltaic Specialists Conference, 2005.
Conference Record of the Thirty-first IEEE. IEEE, 2005.

[8] M. Jonatha, J. Kobler, J. Sauer, J. Best, M. Gardener, A.
AR Watt, and G. Wakefield. "High-performance single
layer antirefractive optical coatings comprising silica
nanoparticels." ACS applied materials & interfaces 4.2
(2012): 854-859.

671

Sl 009 malS a4y ,0l8

6Lbu.ll3 5.:[.: @‘)ls Q)yo )\) W) ;Q Q)‘}A » oj)l.c
S L B ol b5l as 4 leie 4 oSl
ol ) HeSilew i Jld Y L g Sab cas
b oSy e dge |y Jelo ol)5 asad jo 5 00ls
gV ee B Yee 0008 oil o ooSehew (202
b @ G99 HeSekew GCIB L JLsLs 90 (ol

Lol 0ol oals yioles & S jo U530 s

1 T T T
Iy [
L [
09 1 n Refrence Cell
1 1
08 |‘ : === Silicon Nano Bars
[} 1
07 1
[ 1
= 1
g6 ]
- ‘
pu]
Eus ]
] L]
z -
.
<™ - [
] I
03 I
]
Iy
02 1
o1-
\ \ \ \ ! \
%0 400 500 600 700 300 900 1000 1100
A[nm]

9 Ok GlocdB gl jpax 0 GeSilew (pd> Ak b S
gy Job > 2 (UL 9 Lo e g

Gl dB gl jpa> wil o LS JSb a5 b lea
w3 oo Gl Bl s LB Ol 4]y ©da peSele
LOVY rgn Jsb ot ol 55 i (e Sl &
ouls adlal Jloges 4y gauaz laald .coul adly yilsdl
ol &S canl anl ol lald gl Lae als g cal
8 fagls Bee B YD e Jobo oil o sy
sleae JSCas caolidl o cde Ll ails (g i
Wl )0 698 oy Gl slagsll slml g (6 pge
ol il e il caliie sld Al e oS 5 g e oyl
50 9 ALBIS S92y 55 Sgee e WU Ll o Sl

D9 oo oddlice ol Bl LFFY ax 0 FO il aygly

S S azxas ¥
Oadew Bl Obsl ws lsle dlie ol o
Wb 53l plgie 4yt Sk b oad 0olo by
aY ol sl ol ;0 0,5 lp canbie UL
30 Sb5h e dnlre S5 L g ool slpaiy S5L
Sisle cpl o5 Jkd Y (Sl Cde ke (LS

Oz &S oa ool las .l aid S 18 w090



	1- مقدمه
	2- انواع لایههای ضد بازتاب
	3- نتایج
	4- نتیجه‌گیری

