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Increasing Optical Absorption With an Array of Nanoparticles on a
Dielectric-Metal Substrate in The Infrared Region

Maryam Jamalzadeh, Alireza Keshavarz

M.Jamalzadeh@sutech.ac.ir
Keshavarz@sutech.ac.ir

Physics Department, Shiraz University of Technology, Iran

Nowadays, metal nanoparticles have been considered due to their desirable optical properties, and several
methods have been developed for their fabrication and use in various devices. Surface plasmons are mass
fluctuations of electrons in metals that can be excited by electromagnetic waves, which are a major component in
routing and determining optical properties at the nanometer scale. In this study, the optical properties of a
multilayer structure consisting of an array of nanoparticles located on a dielectric substrate are also factors
affecting the increase of optical absorption. The optical properties of nanoparticles depend on the material,
shape, size and dielectric environment, and various factors such as nanoparticle diameter, incident radiation
angle and distance between nanoparticles affect the absorption improvement that has been investigated.

Keywords: Plasmonic, Optical absorbtion, Nanoparticles.


mailto:Jamalzadeh@sutech.ac.ir
mailto:Keshavarz@sutech.ac.ir
mailto:Jamalzadeh@sutech.ac.ir
mailto:Keshavarz@sutech.ac.ir
http://opsi.ir/article-1-2752-en.html

[ Downloaded from opsi.ir on 2025-12-01 ]

9 Susty] |y oS (ol 9 St

oS a2,z 9 (ol 2l SHigi 8
Gln) SHigi g8 (559U g (pwiiieo
Slenl ()l oz dupelds oSS
Olplgbw o5

/-

j’)”’cj"f—,’,/,cf:,g:'/’.f}

VEeo ot VY-1E

elsd JyaS o L5 Jds & Vi sl sl
Wlasd 515 laie a8 590 5,50

Aibor SO A Sooy o> Ll gl Jlewsl Ll
do S (gawd 93 slaJshe o Jlows] wis b olge
olely (SasTy Sl de mls (Sog aSlgn! olic
Sl lp rizmen 9 (Sbp Gl ppgas
Jo5 Sl S oy 4 Alie pl jo adle oS
WY 55 o sy, p oni Slideil 5l gl IS
U“‘ ‘5‘)3 RGO PR wlof a).n., g g Q5S,.Lw
0,5 ¢l Blbl ;o 0,8 sloygendy wois 3l geoge
gl ol aSl 4 az gl b g sl oulds oolal
3o Jeles cpl oyls Sy GLbl e g 0,0 ojlall
53 @lrlr e 5 SRS LB swin e
0,85 Ol3gl 5 gl il iy cplyo 0gb so Al
Silwded 0,8y oy oSk Y GG, 2
5 abl ©jge 4 il &Ll s 4 a5 0gd
obis 1y ol 5lasly Jobo S5V IS waidboe 61,55
Sl 00,5 o canline NS 0 AT jshiles 2o 0
Y sl (Hposehew oY sl (d)eo)d5l
5 ey aY (P2) oy g (PJsh alols «(Hp)e s
ailoads ascive bbeore

WY s sy 08 eydgl Sy 5l el Al psled b ) IS
0y Yy § (35S

doddo

s S s a5 s 4 aaz sla sl
Seilo xSl slajlil el jo 0y e )5 9 )9
3 lsle pl cwl a8 )3 18 lddre ax g 09
lost S5 itz IS 5 dlge wuslins b loay
Jedo Sl glajlisle 3l lodle o
ws S I3 ol Raegn addle 390 (Jgedy (ols>
sub p @l wese Gl lajiegn ol
Stk 5l sk 4 cnlin (Sl 318 sl LS Lugil
Sl Slge ol aiS o malyd 1) ean] g 5950l (55l
Oy [N ]ain Sgandly wuts asle ala s
S35 55 3,50 ora dis liliogi (SP) oxbans gl
S8 oebliing 7S ll b sl e 85 3550 e
Ot 9 (2 50 (ol adlhe S plgie 4 a5 g
Ngyse sleds yegl Glgelde 0 g8 Pl
I Gl a8 Vb Qa4 Sl ioren
oo aile s Julge 205 08 o 1,8 eolaiul 8,90 3
3 et sl Wb sl g agly Gl wejge bl
Jlo 5o s Jse 65 @32 dee 5 o9 Pl
ol 3 e 55, M 5 Y (YA
ablineg xSl Zlgel (gm0 AN Qi 5 50,5 b
Aoz 5l ke sloop 5 a5 wals olis |, PMAS L
L il Sy 550uST 5l S5 sloaY (slo Ko
3 658 iz vall (lgee 0,5 Skl bl bowsel
ool Sligios SaS 4 [Y]og cilize slogse Jsb
19 ed 4 oloiws Wig, AlldS sleans Jsb o ouls
Sl B 4 Ssendly (glalisLugils 5 olgald 40 YL
L pliime Y08 Jlo ,o ool opdle el asily
S S ki JGH L 5 S50 a5l eolatul
ossk 5 s S b s opsle Sl s il
[¥]o; e @ piasm 5l ao)0 WA B YA o i


http://opsi.ir/article-1-2752-en.html

[ Downloaded from opsi.ir on 2025-12-01 ]

G298 g (o (il S aedd ez 9 ol Swgsd g Syl (il reidid 9 Con
VFoo oy VF VY ‘O‘ﬁ.' ‘ob;w)'gé lgal O‘)“"?« KOTIV I L1 K ‘o|).g.| Sigigh

1
0.9 T
s Reflection
0.8 — = Absarption |
| D=150 nm Tr:
0.7 | b =50 nm
| h=100 nm
0.6
. | P =250 nm
Z 05| Py=250 nm
= L o=0
04
0.3
02
01t - S e
0 ; :
900 910 920 930 940 950 960 970 980 990 1000

A (nm)

hy = D=150 nM ly j5e 5 @iz 5L Gl YIS
Joge5 0=0° gp; = p, = 250nm h, = 100nm .50nm
Sildges 9 iz el cpz bt Sjge 4 4T (g loges i3l
T dsb o weoee (LS 1) Haee il (oo b alall O jg0 @y &S

ol 00l SO Lo L8 O egil OV

5 Abloign 035 5 kS i 5 ige Jolse I o
plailan 55 oo iy RIS i o35 b _talS
Slydgil el e (sl oud eoly ylis Y S o a4
A o Segil YA 9 V0. VYV e g el oo, oy s
conlite (od> ald Slul cel a5 ol oal a8 S
B9 45 S (i oe azm 50 aBbge Dl ol L
5 Lrlr yiegl Q0T )5 (g5l el 05 0,350 lad
4 aS cwl goe Gl pl 0gdh s gl ATV sgu>
iz 5 03,5 Loy Gl e B 0 S L
obj 0,309b yad 8y wlwy oo AL 2LV dgu> B )
o 10 02 Ll ald ( segilh AP dgam j0 04 0
0 9 el S5 B i ald ial)dgl jld e
ol &5 09 i i e 0 lmlr wals g

ibise 6900 Sl b S 0 ol
b adlioe dgly juods @iz 2 Fge Juloe 51 500 (S
I R T
5 el 00,5 oy s el FUSE o a5 jshiles
Voog 0 agly ST g ojls sgzg ald Sy 4z yho s
SG a0 V0 aygly 40 9wl go D9z ald g0 09l 4z 0
S &S Sl Jdo cpl 4 dlB g0 0gzg 0ls D9z ald
w2l oo 90 (nl Wedos Uk zae Su g 0wl e
oA S0P o ogh e el g aS o Sl

5 Fegl AYe oo Job jo )0 O sl s adls

S lwdn

o9 osmlil plsie o)l npy Y JLSle Gl o
23z 9 QUL Ggee Ol o n Sl 03,5 (o0 ol
Josle JomaslS (s3lwann S8 o5 5 ooleiing JLSLa
Ol Olasles gl sl oals solaiul 250 S
SS9 gl (275 slaosls 5o pd LSl p5
Jobo o lp Slawlma opdle @ [Flogi oo ooliiul
byo5lY jeme 9 X jemme SLuwly 15 98 oo plonil wxlg
PML &Y 5l 55 Jbsbe ol 9 Yo 5 lojss 50
&8 2 Slapeds dole S 4 0gd oo colaiul
1398 o0 (o LAY 1SS e 50 o
- io

qurl(VxE)—Kﬁ(sr—w—go)E =0 (1)

: e e 2 -
e 6@0).\5 AP 4.: ko 9 (o) ‘url‘so ‘EI' 45
"o dle g lo zoe Job sl @l e
23,5
2 Sy el gkl o ad as a5 shiles
alold (Dl )3gl ad (Sl oo wile (5,5 eles
O b D oy 6098 WU ly 9 gl e
Slogib onl giluand (ol oolaiul 5 )50 sl el
Hz == 9 Hl = H+-nm cd= Yo-nm g:))s.«o LY ).u
wdz 5 Sk e culye VoS8 5 ) -nm
L b3l o] Jlogas 45 ol onds il ¥ clial, 4o
Sy @ g Gezht Djgo 4 aS (5)lged s oo (LS
d\.]a.aﬁ)‘oﬂ.o.;j AQQLSA L)L““ ‘) s_n.\.‘> Sl 00 M)JA)B
Ol 1) yaue (awl odls asine 0,5 K, 4 aS Lo
ond a8)5 a5 )5 o)l (np) s Y 9z &5 Wadee
Sy ailios ao b ply jsee o5 e fnl 4 S
s b 5l & e 0T e Jsb b (s
mso B eoliiul 350 K G leis w4 zse Job

=

S8


http://opsi.ir/article-1-2752-en.html

[ Downloaded from opsi.ir on 2025-12-01 ]

G298 g (o (il S aedd ez 9 ol Swgsd g Syl (il reidid 9 Con
VFoo oy VF VY ‘Ob.g] ‘Oli‘wa)'gé lgal O‘}"'?« KOTIV I L1 K ‘ob.g] Sigigh

P =250 nm
— = P=2000m| |
PI =300 nm | |

Absorption

0 L L L l
900 925 950 975 1000 1025 1050

250 5300 .m0 o olis |y Jsb b iz 4l e yeuis DS
ey 355 a3 bk g ol b e e b b s 5 4 plaS e

Wl 00l

=

ald w039l jlad i b g ee oad (b LSl o
i L gl WA ki s 5 a8 S 1, wir
i i S5 Jalse 5l K0 (o els (Jlew!
S (232 Al e caysly pusd bocadl oo gl
) @iz Gy 42,0 V0 5 ¢ gly )0 oS wiS oo sS
Ot 0,5 JpS ) da ald lgs oo cnl b el
5,5 sanlice o lydgl e dlols 5 i ol b
el Yoo Jsb o s wlise v92 50 almle oS

o Jlodsl Cd sl)ls jagli Yoo 500 g

e wo

[1] S. Orfanidis, D. Ramaccia and A. Toscano,
Electromagnetic waves and antennas, Department of
Electrical & Computer Engineering, Piscataway, 2002.

[2] Y.A. Akimov, W.S. Koh and K. Ostrikov,
“Enhancement of optical absorption in thin-film solar
cells through the excitation of higher-order nanoparticle
plasmon modes,” Optics Express, 17(12), pp 10195-
10205, 2009.

[3] Y. Weisheng, W. Zhihong, Y. Yang, H. Jiagung,
L. Jinggi, G. Zaibing, T. Hun and Zh. XiXiang
“High  performance infrared plasmonic
metamaterial absorbers and their applications to
thin-film sensing,” Plasmonics, 11, 1557-1563,
2016.

[4] P.B. Johnson and R.W. Christy “Optical constans
of the noble metals,” Phys. Rev. B, 6(12), 03755,
1972.

JHIa egil AOY o 5 owijle J3las gl A8
L oplple 0pd e i cdl el 5 allbio Sl
8,8 STl Gl g e argly s

A ———D=110 nm
0.9 : ~ = D=150 nm |
! D=180 nm
0.8 !
0.7
2 06
Sos
Z
04
03
0.2
01
ol . . . " " . . .
900 910 9220 9230 940 950 960 970 980 990 1000

A (nm)
o o5 1 35 8 £alS 5 2l b ol alB 5 ¥ S
Cowl ool 48,8 Slai o egilb VAL g VO NV e 0,356 Hhad as

R

Absorption
n

0 L L L
900 925 950 975 1000 1025 1050
A (nm)

o 4B o ans o G5 1y sl e b i S F S
Voog B agly 3 0)ls g2y Al S Az 0 i gl 0 WIS (oo e
Loy @ aS o)l 0gzg ald G az )0 V0 aygly jo g ald g0 ax

el 00 sy inhiy blES g 05 s alads o3 oz bad o] s

odalie O IS8 jo )lidle (Bye 5 Jsb jo e obml L
b oelply anl e 2529 s0b slaglnl> a5 05 o0
) @iz ald (lgee oo OL3gh G alols jo i
Py g o odnlie S5 cpl o a5 johailen o5 S
LS o yers eyl Yoo g YO-Yeo olael L Py g
A oY Cam aS cwl opl o wal g0 ol wglas o
bl (A Cl Ohgo pl 4 g Gl ol ad S

)l 678 plmlr (g S


http://opsi.ir/article-1-2752-en.html
http://www.tcpdf.org

