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A Frequency Adjustable Double Lorentz CRLH Transmission Line using DGS
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Abstract - In this paper, a double lorentz composite right left handed(DL-CRLH) transmission line is designed using
defected ground structure (DGS) and varactor diodes. Previously, the diode has been adopted only selectively for one of
parallel or series resonators, and the balanced frequency as well as triple band frequencies were fixed. However in the
proposed DL-CRLH transmission line, the balanced frequency, where the resonant frequencies of the series—connected
parallel resonator and shunt-connected series resonator are the same, is adjustable. In addition, the triple band
frequencies are controlled, too. The measured balanced frequency varies between 3.42~4.8GHz according to the controlled
bias voltage. Under the same bias condition for the balanced frequency, the adjusted frequencies are 2.22~2.77GHz, 3.7~
5.2GHz, 7.32~8.23GHz, 3.42~4.8GHz, and 4.44~5.92GHz for the conditions that Bd=+0.5m, -0.5%, 2nd +0.5%, 0w, and .,
respectively.
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Fig. 2 Basic equivalent circuit of CRLH transmission lines
(a) conventional(C)-CRLH (b) dual(D)-CRLH

2. DL-CRLH &M 2

D-CRLH A&Md 29 Fa4 7piA el tieto]s ojm] &
¥ vk AoH11]. 29 H D-CRLH A$X4ZE AAZ 9
std 3= 4 2AEC] Ze 7| W E(parasitic elements)
ojuf, e oEAQl 3 EAA F7bd fste] D-CRLH A
AR T4 FHFEY 2 A E s Fov
A7) A Qo (R + Ei -90E)E 2 Fuat A4 w

%, Al 39 FI 54E& d7] 98te] D-CRLH A$A=
= W¥sle] DL-CRLH AFA2E AAT 4 3= Ao}
¥ 32 DL-CRLH A&AR9 732 Fx5 Ko
Fa 9tk 9714 L, C,= DL-CRLH EAS 9slo] 9=
Koz AEAY EE 7| AWAE(parasitics)ol 2]dF A<l
4, 234 o2 DL-CRLH A$EAS Hole o]
o] ageolA AE Mz HE ZF L, Lg Col 23 &9 2
o d¥dxe A (N 2, HE AZ & 5 G, L,
Srell O3 @9 Aol ojumEAE A (2)9F Bk g
74 wjza DL d<$A=Z(homogeneous DL TL) Z713}ol A

1430

2+ #A A (dispersion relation)2 2] (3)3} 2z, o W A
A 54 A (Zh(o)E FE 2W 2 (4)9Jr Edaes
I DE AHEH B BAAAT A dyds
of £ We T BA EA4¢
C =0

2 4+
=, o]A uj¥-ol] “double lorentz' 2

fr W |

RO
ofx
2
U 3o |

D u‘*

7}
3

CL LL ::CP
CR:E_

a2 3 DL-CRLH M&M=Ze| S7l5 =2
Fig. 3 Equivalent circuit of the DL-CRLH transmission line

(,()2 _wSGQ

Aw) :ijpm:jwuom (w) (1)
1 L+ L
A7 Wil = ¢wf,€:\/ ——
LRCL LRCLLp
(,U2 wshZ
Y(w) = juC——— T = juwe, €, () (2)
C,+C
At = gl = [

y=a+j8= VAw) Y(w) 181
= iy o =m VTV

A7) M, =

(4)

qo] 1:} A

g FTHNI2(1g-CE 2
5z a3 4b)e 19 5
Hol7b = <
7}@’6‘ B A2, 18 3y T3
g 63 Zo] CLY Cre

s
o

ZIHog A=

N
o
T ==
2
ta o}
e 4 R
go
o

B 2 oo
LT3
N

>
)
[t
o



H CRLH A ZdA left-handed 9 %94 right-handed
do 9ol Hol7t bandgap $lo] V&3A HE Aol B3
(balanced) ZFelE}t sh=ul, o] W HEY Faes A4
29 ¥E X329 HE d4dd 48 IR TA
g7k A2 e S0l

N 2 oft o2

(a) (b)

+ DL-CRLH H&HMEZE (a)

29 Cg 7 (b ME

[29o| Crz 7}

Fig. 4 Frequency adjustable DL-CRLH transmission line (a)
series-connected parallel resonator with variable Cp
(@) shunt-connected series resonator with variable Cg
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Fig. 5 Concept for the use of DGS replacing the parallel
resonator in Fig. 4(b)
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Fig. 6 The proposed DL-CRLH transmission line in order
for the triple band characteristics and balanced
frequency to be variable
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Fig. 8 Example of the measured S-parameters of the
proposed DL-CRLH transmission line (V,=0V) (a) for
the circuit only on the bottom plane in Fig. 7(a) (b)
for the circuit only on the top plane in Fig. 7(b)
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