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Abstract

The complex permittivity and permeability of various periodic metamaterial (MTM) cells are extracted by simulating a
fictitious rectangular waveguide consisting of PEC and PMC walls. The shapes of the MTM cells include a thin wire
(TW), a single split-ring rescnator (SSRR), a double SRR (DSRR), a modified SRR, and a combined structure of the TW
and the DSRR. The TW falls on a negative-e/positive-u region, the SRRs on a positive—¢/negative-u region, and the
combined structure on a negative-¢/negative-p region. We also investigate how the permittivity and permeability are
affected by the dimension parameters of the MTM cells. Another extraction technique utilizing time domain signals is
developed overcoming some limitations that the waveguide technique can not handle.

Keywords : Constitutive Parameter Extraction, Metamaterial Cells, Thin Wire, SRR

I.A B o} F(scattering)oltt 3 A(diffraction) Bt =d

(refraction)ol] G T3 PErh o)Hd ZAdA

Metamaterial(MTM)= W& W& Ao &) B9 AxH 548 7% (constitutive) 27| E

A B AR H A4S THAE dFEY FE F 9 FAS(e)F FAEW 93 AAHBY mEbA

d 2R Hogdth fE 7Y EAL 729 —r717} MTMe] AAA 54 dFs7] g8 Fo43

7tol= 3} (guide wavelength)®th 4 S wE MTMY 72 F2EE o3k Aol T3t J

oujaty, d¥tH o g 1 yEE Ha el Ao A7) 53 Alolol MTMe} #4&3% Fa&d JS3te
kX

7 3ge) 4uiret & WE A vy B bo) thr Ras 3 e, g B WA ¥
RS 2 phack Bod, s & R AR U8 AL Fzentd g
= Eu

ECEEREL DRSS E L 3
{Pohang University of Science and Technology) i
¥ B =E2 2006 AR (ZEA-xeEe fde whA}
dadedsAde Ade ol FygdE AT =
(KRF~2006-612-D0069) o

Aedak 200879204, SALEY: 2008418€1Y

(637)



20084 8% MAIZSE =R H 45U TCHH 8 =

X
Region 1: Region Z; Region 3:
Air Unknown material Air
Es Mo 8.5 My Eos My
E : B, E,
e e ] &
Hl H;\ gs‘\/
E, I
k, B
a, H,
z=0 z=d Z
J8 1 cbE EXo] TEM wave2| AL Alel FMXpA

field distribution.
Electric-magnetic field distribution in  multiple
dielectric materials for TEM wave incident.

Fig. 1.

Wl AR F2E A T 2353
(ambiguity)e] 2t}
FA8 g

d®A MTM| 7z stetnHE

3 o e
FEot 2 B 4T BF A 99 AEE o
&8t 7z FeulHE FEse e AHEI o
e A5

II. Transverse electromagnetic (TEM) wave
AL Al OjEQ] X nlele F=E

A, AHA,
b A HA &
unknown materiale]t}. Z} oA A
+3 2ol x¥Eh

(o9
Lo m

4% 1

- —jkgz |~ Jhaz
=zEge " +zEe”
_n Ey = jhgz

H =y—e "=y
! Mg

AZNA, kg =w ey, = \/m ojt}.

E,
- (1)

EPU Iy
—
Mo

2

(638)

61

A7), By = w ey T w @quwr = ko €rlby

o = Holby/ €0€ = T Vv tu'r/ €r O] T;}‘

39 3

E,=zEe "

s ”‘EIB — jkoz

Hy=y—e "
3 3!170

3

719 e 7z = 03 7z = d|A] AAL A A
A 83lod unknown materialol A 9] ghalAlS

A z271&
o RHASE JeE o3 2ok
e _Bo_ (1=,
TR @
_ _ E; . (1-1%2)3
=S5, = ’—E,‘;— Mi-[%_,f
o} 714,

ro T Ve )
27T Ve e 1

- eqﬂzd _ e—j(w/q)) Vi d {6)
ojch.
4 @e Ausel Bed #4¢ AET S Yok
5111?2_1112[1_ (5221 ”5121)“" S, =0 (7)
_ (511+521)“F12
T T ®
A (Nl sjg Fatd obeiet 2t
_1-(855-50) \/(145;—5&)}*
T 25, Y
=X+ vVXi-1
B9 (95 d7ste ot 4% d& F At
Ve 140
©)F 8)F dgst of#e A& d& + U
V= \/M,e,:j:;% (Inlzi+ jarg(z)] (11



62

103 A< ol&std Fd&H} FAEE UEH
2ol mET 4 9,
€. = 6r,real_jer,imag :X/ Y
(12)

p‘r = ﬂr,real _jur,imag = XY
Wl unknown material ERAA (Si)2F T(Sx)
o o] £AE T o] 229 FHEH FA

.

(s4

5
T

4o o
ok

O == F A~
& F2E 5+

o u

OI. 7ke| =t o|88 71X mi2liE F&
U AlStold HE

% Ao TEM waveZl AtEw F2E o34l
AA Z792 perfect electric conductor (PEC)$}
perfect magnetic conductor (PMC)¢} 7Hite] wati
o2 ANEHA F 2t} PECOlA = tangential
AAZE 00] =i, PMCAIAE tangential AHAI7F 00]
g o] 7HEe] Eue 2= £¥E TEM waveZt

& =R xe sttt

A AAZAE AHEFOEA
wave’t JBst= 7MY g
ofuz}, el
o 4 o]
T Ut

a9 2% 7MY =3k <ol unknown material 9]
S-parameter& ¥& AlE#H A TFxo|th Eupde] 9
&3 o}#i% W PEC A 20§ AHggon, 4
7 HZ HE PMC AA 248 AP 849 712
Aze 47 Lxs} Lyolx, $AE Lz(d)olth AlE#H o

ks

°]

PEC

Unknown Material
Embedding
distance

E (x)

k (z)

H(y
Iz 2. Tk ZofE2 0| &8 S-parameter® 7| 9
st AlgdolM F=, PEC: Perfect Electric
Conductor. PMC: Perfect Magnetic Conductor.
Fig. 2. Simulation structure for S-parameter using a

fictitious waveguide.

F7| X Metamaterial®l & |X 81 EXE

(639)

xs V]
12
p— :
o f{- Espa :
- Mu_r 0
,,,,,,,, Mu_i t
6 I?E ,.
i3
3 . /‘ \ —"'
bewzrrsTot T e [ EUPP SRS S
0 ‘/ AN »,:
3 U &
% .
8 9 10 11 12
Frequency (GHz)
(@
12 T
.___E,P_! 2
- Esp_i M
* e ey 3
Mu_i [y
6
/,s ~
) i
¥
LTI - .
° o ~. T
3 V v
£
8 9 10 " 12
Frequency {(GHz)
(b)
a2 3. Lorenz REE Iz 2Fe FEE {UE
X8, (@) ¢ RHE FX2. b FE2EH 7
Mg FX8. Ix=6mm, Ly =10 mm, Lz = 1

mm
Extracted permittivity and
material of Lorentz model.

permeability for a

A A FAL waveguide portE AMEHow, port7}
EZAqstE YA Bdo]  EAFeE  AAIA
reference ol EAA(EmM) o FWAA Y HkAL

2 %3 ASE dEk o) ABdel F2ERE Sy

3} Spg 4 F A £AL o4 FHEY R
Aeg 25Y 5 9

of #1& FAE FF ABACNE AFH I
Lorentz 24%9) £4¢ Wx ¢ WolNe) $4¢ o)

IV. CISH MTM Eil Mo 2% m2HjE £

7t Thin Wire (TW)
F712H o2 w99 thin wire (TW)E Zt=nt g4



200819 8% XSS =X A 45 ¥ TC © A

................................................

2L /
e ESp_I
- BSP_i
/ --e- Muy
oo MR
.47 8‘ 9‘ 10
Frequency {GHz)
(o)
a8 4 @ TW AlBold Fx. () F&E Fx a2}
Olef. aX =a¥Y =aZ =5 R=5w 0.25( m)

Fig. 4. {a) TW simulation structure.

{b) extracted constitutive parameters.
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{b) extracted constitutive parameters.
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Table 1. Characteristics when the electrical size of SSRR
increases 1 %.
f0 (GHz2) | 11 (GH2) K i2 (GHz)
R ~1.156 ~1.09 -0.44 ~0.77
gap +0.92 +1.01 +1.68 +0.91
w +0.59 +0.64 +1.49 +0.57
aX -0.02 ~0 +0.53 -0.07
aY +0.09 +0.04 -0.40 —-0.065
aZ +0.06 +0.03 -0.27 —0.04
depth -0.66 ~0.53 +0.48 -0.23
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Table 2. Characteristics when the electrical size of DSRR
increases 1 %.
f0 (GHz) | f1 (GHz) Hr f2 (GHz)
Ro -1 -0.9 —0.46 -0.6
gap +0.57 +0.62 +0.91 +0.56
w +0.69 +0.71 +1.23 +0.56
s +0.33 +0.36 +0.68 +0.49
ax -0.02 - +0.54 -0.07
aY +0.06 +0.03 -0.16 -0.03
aZ +0.04 +0.02 —0.24 -0.03
depth -0.72 ~0.62 +0.87 -0.31
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Table 3. Characteristics when the electrical size of MSRR
increases 1 %.
f0 (GHz) | f1 (GHz) Ky 2 (GHz)
R -1.23 -1.12 +0.67 -0.63
gap +0.84 +0.93 +2.12 +0.76
w +0.38 +0.37 +1.35 +0.17
S +2.05 +2.15 +8.55 +2.18
ax —0.02 - 0.65 -0.11
aY +0.05 - -0.32 ~0.08
aZ +0.09 +0.05 -0.53 -0.05
depth ~1.21 -1.16 | +0.32 ~0.7
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