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Simulation of Left Handed Materials Building Blocks
Zahra Zarei, Tahmineh Jalali
Persian Gulf University, Bushehr 75169

Abstract- Metamaterials are artificially fabricated materials which exhibit negative permittivity and/or negative
permeability. The building blocks of metamaterials are fabricated periodic structures of having lattice constants
smaller than the wavelength of the incident radiation. Thus metamaterial properties can be controlled by the
design of their building blocks. Most common building blocks of metamaterials are Split Ring Resonators
(SRR). In this paper, we simulate a SRR structure that made of a ring of gold with a split in that structure on a
substrate of Silica glass using finite element method. The obtained results are shown negative magnetic
permeability in design structure which is not available in nature.

Keyword- Finite element method, Left handed, Metamaterials, Split Ring Resonators.

\Y-0


http://opsi.ir/article-1-397-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

ooy)5 5l e @l o]y ede [Y]w,S
Jrows (5l slaailog wilbe Sl g (> ges S

O] Cewss slp 1) SRR g sle alas ol o

L bl (695 Tl mles S giluancd Ghte (sl
o O e g ewnia slaall 4 axg L
Blie Gl (hgy 990 50 Eon 4 G losgael
o 9 S g Gleand pledezr asbl o mlaisls

! a..).a] Z,L'L‘"

b SRR Sy jub —Y

aSle o35 sladal> SRR i aas a5 ol len
JEISRCLONE SN W E WP E - L WIS VIl PRI Y
Olee ol 50 (805 4 o 0 bz o
Ofnle g LC e Lo sy 36 (315 b e S5
LSRR aes o ] wais o caolidl lades les
L8, ous SOLC Jlae w ans (V) K6 @ axy
Silse Slmao L o5l SO aiile dadls 09,0 SIS
QS oo Joe (C )b

“Plabe ropacioe”

“Magneaile Call™

SRR Lzl 5 LC e Ll ) s

aS wew, SRR ;0 LC wpouis seles 4 le o

Jse,d 3l eslaiwl b wilgy oo auaid asl ol Coedso

Lol 0o oeslr s L slilgs 5 C o)l bl
29 dale SRR i (glo il jby

Ceee P _coil.area o
"D Ho length

& 5 Slrav o ol D (b colue A oS

el Dlras (o 09250 S iS00 cd (20,05

ARY4

et g oSl AVAY oo Ve LA

doddio —)

ool JI3 L as s eaias gle lisle olsal,d

boe S )3 Gloygs sla)lizle wile L5 52
o oplgboe wtle (b
sl by (e (S0 Sl (020,38 il (685 paie
ond (grmb jobay Slge 3 AT Wl e penblise
S oS oo 5l Sgisd jo 1) iz Eolie 5 358 00
il lojes jsba I, e slayielily oo s slsal s
Gl s oe plis ) (G Fge CuSlE o o il
oba,be 5l i ) 095 (Kb Sluogas 4 g
b oKz slge wipS oo 095 oaijlu slge 5l 1S
o] s sawal o, K> cle gl g0 odmel $5Lug
(S Glage oyl g wlae cpl jo a5 cwl ol
Slaie oius Sy gye Jop 5 meblite s
098 Sy g 5B Loy i oo S5 ) 050
Sl 85 L o b 5205 b (550 Sl o

Dgdige Sae 55 (L L) 4 arg L Lol
Jbo 5 sSlug bawgs 6,95 O jpon ol pogde (nl
)il Sl ol gy b Julw 1A%
B3 el 3550 1) (ghie CeSt oy b slaliSle
oS e Lo aRilel bl sl slge ol Ll ols
sl Soass 5l all Ny Jle o el
b 1y sloyss iU lapew 5 1o sladl>
Eymae LSl Glaesl I slgel B .28l Bis S
wgal g liile GbSsh S wlead sl
Slils F0085 opl Conl (SRR) lyme dils Syais
ol 5 talT D sl e o] lsle o B L g3l
Glaaelas jo cgaie Herr ool olid lp b ,Sasans
4 SRR ,LsLo (Wn) (gusbline ais delus 4 S35
g0,
Eet b b (lsieds glojgo SHL (38 slypns
25 SeSsls (29,05 (o e s ke
Sl (920,35 rals gy oe e Lol sl
e 5 o5 s ol 4 e il s i
LSRR L 1, ite Mot Lol ogdze il oljls wsle
algioe (Dl (G Slgal B cnl b oS o0 ol
Slge i SoS Lo 4y chie S0 oo Ay Gl O
oo 8 ool o 9e el slasd cile ol 5, %er


http://opsi.ir/article-1-397-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

Olnl SS398 (559L8 g (swdkiges il JiST i ol pods 4y 4yl ] Sesgigd 9 Syl il ST petacs

S5 Gl g, oal S oalad e IS > e
Yole 4 Wil gile oole b Joilyas &¥olas
SHr Gt o5 Jo skl Ghey pla esle goue
by w0 Rl 5o b e by,

NYYAJL 5o 9 ad a8 S I cpdios 1 (298
PFlus g vVl soomy cdlluss J> 5l VA0
mdy 0 00ls dxwgl lyee cwdige jo gLl Lo
s a4 gy Sypoty b Al oo
Slrosgase ;o (Siliwg oI das SYoles (V090
acgoma (¥ 0l co)si Gty SsS slopa> o2
FEM (Bg) 4 Jelod 098 Jo (s o¥olas 51 (5 )5
Iy ool e Su3d 5 0,5 o0 Sjgo s Y LYY o
Ly Ghes ol 055 )1 dw aiz 5o b a5 S (oo s
s tele 50 g s e S5 SISl gl lei se
aS Glaolee 0y e 5 Slawal olge 5l ouds JuSis
o)y gulaie oy Oyeeas g FEM g, 5l eolaswl b

fix(VxE)— jkiix (E xfi) =

= - e )
—nx(E,x(jk(n— kdirl)))eqkdir.r

TS w9 Gilwaasd Hlovusy ¥

e ddl> slo Sasais 5l oo Lle dlio ol yo

Saals ol el o gileand a0 SRR)
BIs S ol jo a4 wad Mo iz 51 lasl> Joli
S8 Bk a5l sl 5 (59, 2 5 Sl 00l oloxy
S8 e 5l A SO 9,0 dcgeme ded Cawl 18T
90y 9 ke Mo (oS (000,38 ol Wb S
s (So Sl 20,45 4 SYYFASAOIYAYT Ll
5 odd L5 las 4 axgr boall oo V0 KL
e gmmbloe olgly 4 Lo aeley Gb
o) Cosdse ;0 SRR cwais sl el el oo o
Glwands ool ;0 SRR olasl aiiie S ayaid deluw

\Y-Y

syl lol » Lo slllsgs 5 C cud)b >

el 35 O yg04 SRR cwais

wi 12
C=¢6 — L=py— Y
0%y ,Uot M

Wgd oo At ) KB b gwaie le il )b

d
" C 7 i‘__.-_;ﬁ
I

L ——

SRR (R le.:b).mbl.a Y JS.,.J

g g0 0318 53 O jsod LC sy swlag

LC /LC |\/g_r W

sebay wald seley a5 weo o plas O ol
S aal> o el cewlice SRR slal b yosSas

2 g dd Wl ol o cud,b d=0 S ails
Glp B ol plple culy peless gasais
YU by adlsl 4 sl 5,50 SH SISO sl
Oldee 3l sladlga(V dls 0gzg o Ko byd g
Al (B zohaw) 3 Slxio p oges ;98 (S i)
3575t @ 0> Sz 0sd 005l psd bk oS e
Slase b a5 08 o ol punblioe Glowe a5l o
Gl 4 e g 008 ablie ()15 bl

2L Lol (g, Y
Jo S sloel b o paualS il (1S9 0 Jodoy
peiiee gy & JSE 5 elias Sl
S psin b adilys cod b yignelS 1) cconl fSow pé
slpldl @ 1) s g0 glad Wb oS )15 atwgy
-obedl Gl e o5 d9ame Jedoay 0 el (500
hoy ) weliee (ol Lol (g, 1y g, cnl
ol yass S¥olas 0,85 Jo (gl el o0 o3,


http://opsi.ir/article-1-397-fa.html

[ Downloaded from opsi.ir on 2025-12-08 ]

oaies lid a5 (S oo cdwlin (Ko yeg,Soe)/F
A Sxe pd Sl zge Job (pl jo gendlise apais
sooline casais dimme adl> Sosais gleans b

sliss ooty 5o 38 eske 4 S 4l o

1

09"
08
07
.

X 1.42-008
Y- 06011

Transmittance
o o o o
L S ]

=)
~

0.1

0 . . , . .
0.8 1 12 14 16 18 2
Wavelength (micrometers) 10

S sl e sl ool sl JS LS g 8 S
W) 6)L"4""""’ SRR

G5 4z -0
b olal b lizme ddl> Sasais ji3le dlae cpl jo
Uhay 51 eoliel b el oolel 3 Sy (6,5l Soly aS
A oy bl ogd oo (giluand (alite Lol
e glayell Lol 5 S5l cdl
il ly obol s |y boliie syt ol 5Ly

JISE logad pay b s pyslise Comdty pwiin
Mg 5o Ll G zsedsb bl p g5l JBs
3O gmmblise Jyaid (goaims)lis a5 59d oo cdlin
08 Hgole 4 SGo3 ey See VT s zae sl
Ol 5o e emebliie sl A oy Azl y0 g
LSRR bl (g5loancd b ol ol plis sl 290 Jsbo
Sl ConBan 0)ly0 Sledbl lgh so atein dwain

D0k 20,5 (5l 5 (s 1L Ay (i

&=y

[1] Pendry J.B., Holden A.J., Robbins D.J., Stewart W.J.,
Magnetism from conductors and enhanced nonlinear
phenomena, IEEE Trans. Microw. Theory Tech.,vol. 47,
no. 14, pp. 2075-2084, Nov.1999.

[2] Linden S. et al., Photonic Metamaterials: Magnetism at
Optical Frequencies, Selected Topics in Quantum
Electronics, IEEE Journal of, vol. 12, no. 6, pp. 1097-
1105, Nov.dec. 2006.

[3] Pendry J.B., Negative Refraction Makes a Perfect Lens,
Phys. Rev. Lett., 85, pp.3966-3969, 2000.

[4] Veselago V.G., The electrodynamics of substances with
simultaneously negative values of ¢ and p, Sov. Phys.—
Usp., vol. 10, no. 4, pp. 509-514,1968.

VYA

et g oSl AVAY oo Ve LA

— ” t
L, w, L1=200 nm
L2=200 nm
W1=65nm
Wy W2=90 nm
t=30 nm
Ly

@L.wbz.c L;Lé.é QLaAg ¥ J.i,.u

SISy i by @l > sl 50 Lulyd
Ol 3l a5 00,5 Lazine |, JlEle awais lul el
Ot 5l e oS e et ) Ceend 5o Slse g5
WP 005 sk e |y alles (5lAS (5550 il
oS oo il aetn o3l b UK il sl
zedob b oS gge pmleiioe J> 1) dlae o 5lam
Olee 5 e 99,8 S0 JLSlu i fleg e +/A
e S o Jlael JEle 5 X (gliad, 4o Ko ,zS)
Wb oo ¥ USS Oygeas LSl 5l lae

WO =TT AL M R S P e

SRR s &5 gae Lasil By il :FUSS

aibce ) JSEa K00 g 3l Glawe e

b

Wl (9o e )0 0gd oo cdlive 4 sk yles

oole aSpl b axgi b cawlay ool ools 7y punboline
Wilbgo Mo oud (gilwands SRR caums LSis
Bty abex 51 (So5d slacess polie cnlple
SlFlpy s )3 S92 g0 slaosls G Mb 4y by ye
ol 5551 S S5 ST s o 8 o Jls
lse Sy 5 JSE @ (50505 5 muy a5k
gy Jsb 0 wsde abde a5 sboles


http://opsi.ir/article-1-397-fa.html
http://www.tcpdf.org

