15 3 Vol.15 No.3
2014 6 JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY (NATURAL SCIENCE EDITION) Jun.2014

\ \ 2

. 710051 ;2. 065200)

4 GHz 10d8B
1.85 GHz(3. 61 5.46 GHz) 40.8% ; Bloch-Floquet

DOl  10. 3969/j. issn. 1009-3516. 2014. 03. 011
TN81 A 1009-3516(2014)03-0045-04

A Study of Electromagnetic Characteristics on Novel Compact
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Abstract A novel resonant-type composite right/lett-handed transmission line and its correlative lumped-
element equivalent circuit model are presentedbased on regular hexagon complementary single split ring
resonator pair. The effectivemechanism of its transmission lines is further defined the control of the reso-
nance frequency and that of the transmission band are realized through analysis of the structure parame-
ters. A perfect balanced condition at 4 GHz is accomplished for the novel CRLH TL and its impedance
bandwidth comes to 1.85 GHz (3.61 5.46 GHz) and the relative bandwidth comes to 40.8%. The circuit
model is analyzsed in depth by adopting transfer parameter matrix and Bloch-Floquet theory. A high coind-
dence of parameters” results of the circuitmodel and the electromagnetic simulation proves the correctness
and efficiency of the circuit model. And a balanced condition is extracted. The negative refractive index and
the backward wave propagation are demonstrated by the effective electromagnetic parameter retrieval.

Key words regular hexagon complementary single split ring resonator pair; composite right/left-handed
transmission line balanced condition negative refractive index

2013-05-06

60971118;61372034)
1990 — .E-mal:caltOng326 @ tia.(n

: . [J]. 2014,15(2) :45-48.CAl Tong,
WANG Guangmingf CAl L&. A study of electromagnetic characteristics on novel compact composite right/left-handed transmission line [Jj.
Journal of air force engineering university natural science edition,2014 15(2) :45"48.


mailto:ca1t0ng326@tia.Cn

46

1968 Veselago h

] ,2000 Smith Pendry [Z]
B1
EleftheriadesD>] Itoh[F]

Composite Right/Left-Handed Trans-

mission Line CRLH TL) ,2004 Falcon
CRLH TLI[7]
L8]
CRLH TL
[o]
CRLH TL

Regular Hexa-

gon Complementary Single Split Ring Resonator

Pair RH-CSSRRP) fi CRLH TL
1
[s]
RH-CSSRRP CRLH TL
1(a)
d
a
2. 65 0.8 mm
50 Q
2 1
1(b); 2
1(c) 2
1 2(a) Cyg Ls C,
C2

) 2014

(b) 1 c> 2
1
Fig-1 Structure and mode excitation

(@) CRLHTL b> M
2
Fig.2 Equivalent circuit model
4 (
2(b) 5
A B 1z 1 0 1 0 f
C D 0 1] v 1 Y? 1
I+ Za+YO0 ZG+Zd+YO0) 1
Y,+Y2 I+ 2d+YJ
Bloch-Floquet
my (W) =arccosfe”A) /d
Z~B/ W -1 3
7(w) Zu d
T(My=a+" (( H
/3 =0
€Y ©)
/3d= arccos(A) = arccos(l+ +Y?2))
VZ(2/77Y2)+ 2) ®)

1/7C=0



fti=1/2" (Ci + C fi)
me~1/72n AC2M Cp2)
CRLH
HFSS
A
3
/IGHz
S
3 S

Fig.3 Enpenderce of S parameters
on different structure parameters

47

©)
Q)
=3 mm ]=0.
m m =0.2mm,d3=0.3mm =13mmnm
4(a)
2.39GHz 7.95 GHz 2
10 d B
1.85 GHz(3. 61 5.46 GHz)
40. 8 % CRLH TL 0.2GHz
[81 CCSSRR
23. 1% ; 10 dB
0.4 dB
2(a)
Serenade S
8= 1.17 pF L,=1.36 nH ,=13. 28 pF

PN\=1.07p F , =101 nH C2= 0. 54 pF, =

9.50 pF,  =0. 04 nH 4(a)
CRLH TL
ME7808A
1 3)
7 c 4(b)
4 CRLHTL S

Fig.4 S parameters and dispersive curve for the novel CRLH TL

4GHz 0
2.51 4GHz



48
2.5 2.8 GHz
89 GHz
4 7.91GHz
7.01 7.97 GHz
7.01 GHz ;
4 GHz
C 2. 38GHz 7. 91GHz
2 2
4(a)
3
CRLH TL
S
5
(a)
80r
60 » >
aoh i re
20
-20 =
-40
0, 4 Fred b
/7GHz
(b>
5
Fig.-5 EM parameters
5(a) 3.05 4.02GHz
0
2.89 4CGHz
5(b) 0
4. 02 5.8 GHz
9
0
5(b) 4.02 5.84 GHz
5.84 7.1GHz
0 0

4.02 GHz

) 2014

2.36 GHz 7. 55
GHz
2
4(a) 2
5 CRLHTL

4
CRHL TL
Bloch-Floquet

References)

[11

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[°]

Veselago V G. The electrodynamics of substances with simultane-
ously negative values of e and ju [J]. Soviet physics uspekhi 1968
10(4)509-514.

Pendry J B Holden A J Robbins DJ et al. Magnetism from
conductors and enhanced nonlinear phenomena [J]. IEEE
transactions on microwave theory and techniques 1999 47
(11)2075-2084

Smith D R Kroll N. Negative refractive index in left-handed
materials [J]. Physical review letters 2000 85:2933-2936.
Shelby R A. Microwave transmission througha two-dimen-
sional isotropic lefthanded metamaterial [J]. Applied phys-
ics letters 2001 78(4)489-491.

Eleftheriades G V lyer A K. Planar negative refractive index
media using periodically L-C loaded transmission lines [J].
IEEE transactions on microwave theory and techniques 2002
50(12) 2702-2712

Caloz C Itoh T. Positive/negative refractive index anisotropic
2-D metamaterials [J]. IEEE microwave and wireless compo-
nents letters 2003, 13 (12) 547-549.
Falcone F Lopetegi T LasoM A G et al. Effective negative
stopband microstrip linesbased on complementary split ring
resonators [J]. .EEE microwave and wireless components le——
ters 2004 14 (6) 280-282.

Xu Hexiu Wang Guangming. Characterisation of composite
right/lett-handed transmission line [J]. Electronics letters
2011 47(18)1030-1031.

Nardeen Tharwat Messiha Atef M Ghuniem Hadia M et al.
Planar transmission linemedium with negative refractive index
based on complementary omega-like structure [J]. EEE mi-
crowave and wireless components letters 2008 18(9): 575-

577.



