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Abstract

Recently, environmental problems on a global scale has been increased seriously. To overcome these
problems, Solar cells is important as an energy source and free from contamination. Due to the
increasing use of renewables, the use of solar cells for obtaining energy is growing. The cells convert
directly sunlight into electricity by the photovoltaic. Photovoltaic energy research and development is
generally done in two areas: cost reduction and increasing efficiency. The efficiency of thin film solar
cells can be increased considerably by coupling the solar cells with plasmonic nanoparticles (NPs).
this study investigates, through meticulous simulations, the effects of plasmonic nanoparticle shapes
and size on the improvement of the energy conversion efficiency of Copper indium gallium selenium
(CIGS) solar cells. Two different shapes including spheres and cylinders were analyzed in this study. It
was revealed that the cylindrical Ag nanoparticles, of diameter 50 nm, height 125 nm place on an array
with period 215 nm exhibited the most substantial enhancement in the optical absorption and electrical
current generation. The conclusion attained in this paper has been made through optical and electrical
analysis as well as near field imaging studies.

Keywords: plasmonics, CIGS solar cells, Ag nanoparticles, nanoparticle shapes, FDTD
Received: 25 September 2020

Revised: 8 November 2020

Accepted: 30 November 2020

Corresponding Author: Dr. Mohsen Imanieh

Citation: S.M.S. Hashemi-Nassab, M. Imanieh, A. Kamali, S.A. Emamghorashi, S. Hassanhosseini,”Increased
light absorption in CIGS solar cells with plasmonic Ag nanostructures to increase efficiency", Journal of Intel-
ligent Procedures in Electrical Technology, vol. 12, no. 45, pp. 35-48, June 2021(in Persian).



mailto:Sa_hashemi3@yahoo.com
mailto:imaniehm@iaufasa.ac.ir
mailto:abbas_kamaly@yahoo.com
mailto:aemamghorashi@iaufasa.ac.ir

YO-FANT - Jlolzn 5 oz ojlods foo3l90 Jlu [ 5 Carino )0 diadigd slo by, 4 i

= 20.1001.1.23223871.1400.12.1.3.9

,tslugl b CIGS gui)ss sla sl j0 59 ©ido w38l
lodsly sal 38l Cysr 0,85 (ST gomwdly

)Ll\)lﬁ-\d' ‘WW ] s)l.léll.m)‘ “5&)5

L)‘)"‘ GLwé cGA)L.)‘ »)‘)T olii;l)"») 5Lm.é ..\>|5 —d)_, LSM’“'\"‘Q"’ ° g . ’L)

sa_hashemi3@yahoo.com, imaniehm@iaufasa.ac.ir, abbas_kamaly@yahoo.com, aemamghorashi@iaufasa.ac.ir,
s.hoseini@iaufasa.ac.ir

ol pade gl cwlon S oy ialidl som O jgods Sl wlide [0 asrean ) OMSs Bl sla Lo o teunSs
ooliiwl 4y azg5 b .ilos,S o cumdl ( Sodl 5 )le 5 Sb (65,5l pie S Glgie 4 gaud o3 sla Jghe OIS
15 ool ol ol G328 & 5, (551 e g sty sl sk 31 oolital s (slassl 5 ossils,
(S5 (551 Sy50 1O Anwgl g oo S o oS eyl 4 S99 S by e jsboay 1) 0l o5
S b ol |y S Y g sl she o5l 3 e Sy 05}l Il 5 loaiupn IS atia) 39 59 Logas
sloslatnnd G 1 lia ) 53 S5 Sl s HB oty Keisadly Sl b sindygs slosbe 5
3,90 (CIGS) pgilu 0d8_ 0ol o (g0 y95 slo Jolo 005 dge jo 1, Dl34k ojlasl g S a4y bgy e SBT (a8
6‘4.:‘5.»...4‘ u‘)éyl.: FLERWARRIRS uLM.ﬂ-’ mlu)f )‘)3 axJlas S)90 d;‘}..w‘ 9 OJS J.QLMJ u_JBLM Jiw 99 9 M)f )‘)5 2y
Sl 355 5 Sl ol 4o 1y G Gy asls TAD )l a5 staglh VYO £l gl &0 8 L o)
poai ganllas poimen g (oS g (Siul IUT @bl Alie cpl 50 sl Cavods daml aSledgel olou! (S Sl

Ll 0als Jol> o5 o

0,5 Ol )39l w2l 395l S CIGS g 55 Joho «Sdgaudly ¢ sl 039> dgame Jolas 1 guadS OlolS

VWAUV/F allio Jlu )l g ,b
VWAUANA e 6 5530 & )b
VWA - callie b dy g ,b

aloa (rn 1150 1 ghumnn (GO &5 U

oaSzils —Lud amly Ol olﬂ oS_zils —(L) dll Jgw ) daze PEzily Sy -l 1 J gl (G0 g8 SLAS

B e

(Y'0)


mailto:sa_hashemi3@yahoo.com
mailto:imaniehm@iaufasa.ac.ir
mailto:abbas_kamaly@yahoo.com
mailto:aemamghorashi@iaufasa.ac.ir

doddio —)

lae iy 5l e (9T b S slasls Lal al8 T L olien 5 o3t lagy B )0 35l Sl Bras 03,
2ROLL b ple 4 Sl (SKiwls 205 jshaiedy .l 035y oo Sl mlie sl p RO Sl 5 Ce)
O)ge phiaas gl 5l 63yl ady sbeanie fall gl Slilp el G wanjlae 0 e slotS g
dos S Cpols 5l oolatul b aS il 65 e 5l solitul b (So xSl 65,50 oy sl L alex 51DV Y] cadl 4 8
S0 US4 S sl 65l o Jelds wels> cdls sleodsay 5l S5 (sasgee S Lol 5l el oo ploul bl
Sl il (S53iS5 iy (6l 0058 (glaie) wsle il lakad Sl eolitl L lse 50 (635 hras sallas s
¥l KYPIRVAPESIVRVRVRE

S y9> slo ol el a5 o lggis sl ol 0 adgi o y93 )95 1) dany iSIT akilgs oo Labils a5 (6 )lmn
SLF] aiS o 5 iy 5SU @y 095 (65580 o el a5 aites duls clls Sladad ales ) (il oo odal
3 S5 5l ogamel gie 9 WS (oo g S jlace jlaings 8 olge @S Sl ol (351 s Ry, cnl sblje
L] aas oo )5 Lo Las!

“pdBmanh e 008595 ladske ;5 (AQ) 0,8 (6318 D13l (Sgendly i (Sl eslitul Sus allis cnl
T S goudly 1,350 (6,05 |15 4y (g 40 oo plaul (slo IS 500 .l andad 205l I3l jslaieas (CIGS) 'pgiles
sladsbe )3 Sdgl cnl 5l eslinul aie; jo (Sl Slalllas o5 coal o sbsF «Sullggigd cond o> lo sl 5o
Jske 595 2 0597 (nl )3 oud planil Gla )5 ohug arcCewl 485 5 j50 alls S5, L oad (b 5 (S9Silw 2u8 G00B)55
L o ool CIGS 5 gsSbw T s Saiz g0 o5 slaske il Kan 5 "S> conl GleS CIGS (o
xS Baas ol plis il wls L8] wlesges ags i > Slis Y (g, a1, (AQ) o5 5 (Au) b ol,34ib
VE 5 VY Ol 0 o il (gm0l (il38l o CIGS (suidsysn slaslo 5o oy o Mo Sigansdly 353l
CIGS/CdS, pn Jlasl Syt Juad ;0 Mo Sigemdly 1,346 51 soliiwl a5 wsls lis o),as 5 80> 00,5 aoyo
omaz s Hlejen 6,554 5T o Kes 5 oliby, 536 4 LV] sls Laulial oo e VR 4 AT I ol el
IAD Slosges 5,155 CIGS 3L s g0y Jobo 3,5 5 1) Mo Sigeudl Shdgih 5l ooliiul o % sl I
083 o 5L 48,5 & ygo slo S i jese ol olis CIGS S3b s slodsbe slp 1y tss B oot Wil b
Syl go, » hdglh wl)l sgp cuimen 5 Sgendl O35k olul 3 IS8 56 (5, » els Slidow a5
el (335 sbagiluand plnil bl (nl jo cnlply ol 438,305 & 550 CIGS o0l )55 sladshle (25,5
5 000,85 gy CIGS (gurdysn Jsho o ,Shos (ot 4 vy sl 3930 ailyl 050 5 slal el )35l IS aile
plxil (FDTD) Y Glej oj9> Sgame Jlis aiaijud by, S8 b laggjloanct 5 goie Sluslne digh oo (5lodig
98 GiiSany & ;0B 1 Ll g o)l )18 (e aml )0 a5 (L e glagsendly ats o 4y 0,8 5 Wb ol sl
aSST ybols 4y el oads osliinl 0,8 3l anlllas (pl 5o aias jshate (pl 4 sgeme Slge WS oo Ao il sl als L
313 (2VL 6yl 9o 50 ol apnST Jlie ;0 5 Coul 5480t (9580

L ysish 3 95 i Y

3 oolainl (yioren 09 A jed Al S, A Wy e ddye> je AT wes o lid e S, (gousliv
@ e Job e lgon 5 Sl (punblineg Sl zge G55 gyl 51010 2929 Uy 2 4 bge (s Job &5 (e
Sldius Oygods 5o 4 )y o0 4l A oSG ESUlg 31 e Sleessay (seamlive b Ko sgm by cad ]
25 oyot ol @ae Jsb b 058 (65l g o oueli (1538 5 WS s J18; 0,3 wiile 45 WS e S o (5l ST
el L5 | o

¥%)



YO-FANT - Jlolzn 5 oz ojlods foo3l90 Jlu [ 5 Carino )0 diadigd slo by, 4 i

_hc

ph — A
(2l 4 9 858 3l s w8 0wl oo laeysisd s el 55 s € 5 S o el il 0
VWOV o L e 902 5l )l 50 o o5 o0l (65,01 ol ails Jobo (sblu ;) das oole (65,1 wil GBI 51 5YL

M

513 a5 Gl 355 31 mp 9sn 00ueli S0 Mlsp eagi lgie co ol (655 b g sy o0 el & e ye 5
gAY o iz lawg o] (13 (i 5 ead Gl (e 52 50 S99 ol HlB Lagi (] g (A (e el
S5 3t hmadl y0 iz 5l (SisSa ) (s )lene g 0055 05 g0 anid Iy 53 5250 (Blae LIS Lawgs 2T 5 3l
Shgly 9 9eDy0% S5 18 Jore (souims (lis lgn 09 rizred oo (e gl 4 &S Sl (590 B Dad 5 b

AM = i M
cos0

S Gslan b 55,5 ddan lao 0055 sae S wao oo olid abaly plcwl 0l e 98 (699,8 saugly B akaly ol po
VO ok o (59, (B sl o] jme Jobo a5 48,5 18 e 10 ol ye5 a5 Gl e opl 0 1/ Igo 0055 el
DR el ey e o S8l 9 a0 TA S50 (699,8 sasly Jobee (e ol onl s0g0e Sl il
3 slaads ol AMV/G Gl 0,5 oo )3 ool 0)50 (sundi o> slo Jobe o Sles sanlie sl aS (oo laslil
- oals lis s ye ciub (1) JSii,0 [A] ol oas ols (ylas (1) Joaz 5o o 95 (65, cinb a9 sl st
s 1y a3 Al e 1 (5 mgSan V1) 5 s U b (alilys (isSlom ly (e y55 sla ol ool 0

o

S gowdly (guudye5 sla Jolw - ¥
sl el 38 g yo8 o 1S e cnl S5l 0 3B GlaylBle b e S e anlllas 4 a5 cul ele SCigendly
o0 F St saan Sl &8 > b Sigendly ;o esls Jlanl ogd oo 8 ol b g slagg xSUl 29,5 slaclugs

ADY

Table (1): Specifications of solar energy spectrum distribution
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Figure (1): Sun spectrum diagram
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Figure (2): Excitation of a surface plasma wave at the interface between a metal with a dielectric constant €, and a dielectric body or a
vacuum with a dielectric constant €;
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Figure (3): (a) Trapping of light by metal nanoparticles and diffusion at different angles and increasing the effective depth,
(b) Placement of metal nanoparticles inside the semiconductor and excitation of the field near the particle and production of
electron-hole pair
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Figure (6): The absorption enhancement spectra g (1) of the modelled CIGS solar cell with different radii of Ag NPs
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Figure (7): FDTD calculated absorption profiles for CIGS solar cell decorated by spherical Ag NPs with diameter of (a) 100 nm, (b) 150 nm
and (c¢) 200 nm at A=575 nm
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Figure (8): Variation of enhancement factor G with period at different diameters of spherical Ag NPs
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Figure (9): The calculated J-V curves for the bare (solid line) and plasmonic CIGS solar cells decorated by spherical Ag NPs with different
diameters
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Table (2): A comparison of the J-V characteristics between the conventional and plasmonic CIGS solar cells with different diameters
for Ag NPs at P=300 nm
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Figure (10): The enhancement ratio g (A) with different height of cylindrical Ag NPs at D=50 nm
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Figure (11): The calculated J-V curves for the bare (solid line) and plasmonic CIGS solar cells decorated by cylindrical Ag NPs with D= 50
nm at different height
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Figure (12): The enhancement ratio g (1) with different diameter of cylindrical Ag NPs at h=125 nm
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Figure (13): Variation of enhancement factor G with height of cylindrical Ag NPs at different diameters
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Figure (14): The calculated J-V curves for the bare (solid line) and plasmonic CIGS solar cells decorated by cylindrical Ag NPs with h=125
nm at different diameters
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Table (3): Parameters measured in naked cell state by applying cylindrical and spherical nanoparticles
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