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Abstract: A new power divider, composed of a novel composite right/left-handed (CRLH) transmission line (TL) unit, is
proposed. The properties of the power divider based on four CRLH TL unit cells are investigated theoretically. By adjusting the
parameters of the capacitors and the inductors, the power divider shows perfectly symmetric power division at 5.13 GHz, return
loss up to —24 dB, with the transmitted power being close to —3.1 dB. The phenomena are demonstrated by simulation results.
Being compact in size and low-cost, the proposed power divider is very suitable for microwave and millimeter wave integrated

circuits.
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INTRODUCTION

Wave propagation in a material with negative
magnetic permeability and negative electric permit-
tivity was first theoretically analyzed by Veselago
(1968). In such a left-handed material (LHM), the
electric field E, the magnetic field H and the wave
vector k of electromagnetic wave propagation obey
the left-hand rule (instead of the right-hand rule for
usual materials). After Smith et a/.(2000) demon-
strated simultaneously negative permeability and
permittivity, using copper split-ring resonators and
thin copper wires in microwave region (Shelby et al.,
2001), LHMs attracted significant attention in the
microwave community and their applications were
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investigated in (Engheta, 2002; Pendry, 2000; Si-
movski et al., 2003). A planar LH structure formed by
loading a host microstrip transmission line (TL) with
series capacitors and shunt inductors has also been
studied theoretically and experimentally (Elefthe-
riades et al., 2002; 2003; Islam and Eleftheriades,
2003). A composite right/left-handed (CRLH) TL,
which is the combination of an LH TL and an RH TL,
was introduced recently and several applications were
studied (Lim et al., 2004; Lin et al., 2004; Lai et al.,
2004; Caloz and Ttoh, 2004; Sanada et al., 2004).

A power divider is an indispensable component
commonly used to split an input signal into two out-
put signals in e.g. satellite communication, RF or
microwave communications, and microwave antenna
distribution circuits, where size, weight, simplicity,
low insertion loss, and symmetric power division are
critical design factors (Vassilev et al., 2001; [zumi
and Arai, 2000). Conventional power dividers such as
Wilkinson type or T-junction power dividers have
quite large dimension, and complexity (Scardelletti et
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al.,2002; Arndt et al., 1987). In this work, we present
a power divider utilizing a novel CRLH TL unit. The
power divider is characterized by simplicity, low
insertion loss and perfectly symmetric power divi-
sion.

NEW CRLH TL UNIT
In this work, we propose a novel CRLH TL,
whose unit cell is shown in Fig.1. The propagation

constant normalized of the proposed CRLH TL is
given by

y=a+ip=IzY, (1)

where per-unit length impedance Z and per-unit
length admittance Y are defined by

Z(w)=(wL; —1/(aC))), ()
Y (@)=i(&C, —1/(wL, ))+1/R. 3)

From Eqgs.(1)~(3), y can be written as
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Fig.1 The proposed CRLH TL unit

Under this condition, it can be shown that the
dispersion relation for a homogenous CRLH TL is
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The dispersion curve of the proposed CRLH TL

is given in Fig.2, showing that the dispersion f equals
0 at frequency of 5.13 GHz.

oC. R

15

10

S5k

_

0 5 10 15
B (x107 rad/m)

Frequency (GHz)

0

Fig.2 Dispersion curve for the proposed CRLH TL
STRUCTURE FOR THE NOVEL POWER
DIVIDER

Here, we develop a 1x2 power divider with the
novel CRLH TL. The device is shown in Fig.3.
The Sp; parameter for the homogenous CRLH

TL can be calculated with

S21:_2YIZZO /[(H'Zoyh)(l"'zo 22 (Zo 12) )], (7)
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Fig.3 The proposed powder divider
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where Z is the impedance of the source and load and
the admittance matrix

Y, Y
i ] o
21 22

where Yj=j(wLg=1/(@C1)) ', Yimj(@Le—1/(@CL) ',
Yor=—j(wLg—1/(wCy)) ', and Y22=—[—j(a)LR—1/(wCL))71
+j(wCr—1/(wLy))+1/R].

Similarly, S3; parameter can be calculated by
Eq.(7). Then, Eq.(7) will be used later in choosing
(LI’{I ---L1;4: LLI L£4, CLI... C£4, CI’zl L CL L

v Ly, o
Ly, Ly, ..

L, Cp . C,Cyow Cos R Ry R
. R)).

SIMULATION RESULTS FOR A NOVEL POWER
DIVIDER

In this paper, we set the power division ratio
$51/851=1:1. Fig.2 shows that at frequency of 5.13
GHz, since the dispersion f equals 0, a=0 can be
obtained from Eqs.(2) and (3). All the parameters
(Ly, - Ly> Li, - L, C .. C[,Cy o Gy L

R, s Lg, -
Ly, Ly, o L,C ... C,Cyo G, R .. R, R
... R;) for the novel power divider can be calculated

according to Eqgs.(2), (3), (7) and (8). Then we obtain

Ly =Ly ==Ly =Ly =1 nH, L =L, =.=L{ =L, =0.5

nH, C/ =C, =.=C/ =C_=1pF, G =C; =.=C; =

Cy,=1.8 pF, and R'=R =..=R,=R,=100 Q. Here we

use Advanced Design System (ADS), a commercial
software for calculating S parameter (S}, S>1, and S31)
for our power divider with 1, or 4 unit cells, and the
results are shown in Fig.4 (in dB). Figs.4a and 4b
show that the transmitted power is very close to —3 dB
(from —3.3 dB to —3.1 dB), and that the return loss
decreases (from —11 dB to —24 dB). In this case, the
novel CRLH TL unit cell is resonant [P,=Ul;,, Py=
P3=U(l;y/2)], U remains the same due to resonance.
Since a is minimal, for many cells, a approaches 0, so
that the transmission loss is 0. Therefore, the trans-
mission loss of the TL is very minimal. The figures
show that the power divider has perfectly symmetric
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Fig.4 Characteristics of the powder divider

power division at 5.13 GHz. However, the conven-
tional CRLH [see Fig.5 in (Vassilev et al., 2001)]
cannot be used to achieve a power division.

CONCLUSION

In this work, we presented a novel CRLH TL
unit and developed a new power divider using the
metamaterial unit cell. Utilizing 4 metamaterial unit
cells, the power divider with perfectly symmetric
power division at 5.13 GHz and transmitted power of
—3.1 dB can be obtained. Simulation results showed
that the novel power divider has many advantages
over a conventional power divider (Arndt et al., 1987)
in e.g. the size, weight, simplicity, low insertion loss,
cost, and symmetric power division. The novel power
divider is a promising device for microwave com-
munication systems.



4 Li et al. / J Zhejiang Univ SCIENCE A 2006 7(1):1-4

References

Arndt, F., Ahrens, 1., Papziner, U., Wiechmann, U., Wilkeit, R.,
1987. Optimized E-plane T-junction series power divid-
ers. [EEE Trans. Microwave Theory Tech., 35(11):
1052-1059. [doi:10.1109/TMTT.1987.1133805]

Caloz, C., Itoh, T., 2004. A novel mixed conventional micro-
strip and composite right/left-handed backward-wave
directional coupler with broadband and tight coupling
characteristics. [EEE Microwave Wireless Compon. Lett.,
14(1):31-33. [doi:10.1109/LMWC.2003.821506]

Eleftheriades, G.V., Iyer, A.K., Kremer, P.C., 2002. Planar
negative refractive index media using periodically L-C
loaded transmission lines. /EEE Trans. Microwave The-
ory Tech., 50(12):2702-2712. [doi:10.1109/TMTT.2002.
805197]

Eleftheriades, G.V., Siddiqui, O., Iyer, A.K., 2003. Transmis-
sion line models for negative refractive index media and
associated implementations without excess resonators.
IEEE Microwave Wireless Compon. Lett., 13(2):51-53.
[d0i:10.1109/LMWC.2003.808719]

Engheta, N., 2002. An idea for thin subwavelength cavity
resonators using metamaterials with negative permittivity
and permeability. [EEE Antennas Wireless Propagat.
Lett., 1:10-13. [doi:10.1109/LAWP.2002.802576]

Islam, R., Eleftheriades, G.V., 2003. A planar metamaterial
co-directional coupler that couples power backward.
IEEE MTT-S Dig., 1:321-324.

Izumi, H., Arai, H., 2000. Electromagnetic Coupled Power
Divider Using Parasitic Element. 2000 Asia-Pacific Mi-
crowave Conference, p.233-236.

Lai, A., Caloz, C., Itoh, T., 2004. Composite right/left-handed
transmission line metamaterials. [EEE Macrowave
Magazine, 9:34-50. [doi:10.1109/MMW.2004.1337766]

Lim, S., Caloz, C., Itoh, T., 2004. A reflecto-directive system
using a composite right/left-handed (CRLH) leaky-wave
antenna and heterodyne mixing. /[EEE Microwave Wire-
less Compon. Lett., 14(4):183-185. [doi:10.1109/LMWC.

journal, or related matters

Welcome visiting our journal website: http://www.zju.edu.cn/jzus
Welcome contributions & subscription from all over the world
The editor would welcome your view or comments on any item in the

Please write to: Helen Zhang, Managing Editor of JZUS
E-mail: jzus@zju.edu.cn Tel/Fax: 86-571-87952276/87952331

2004.827107]

Lin, I., DeVincentis, M., Caloz, C., Itoh, T., 2004. Arbitrary
dual-band components using composite right/left-handed
transmission lines. /[EEE Trans. Microwave Theory Tech.,
52(4):1142-1149. [doi:10.1109/TMTT.2004.825747]

Pendry, J.B., 2000. Negative refraction makes a perfect lens.
Phys. Rev. Lett., 85(18):3966-3969. [doi:10.1103/Phys-
RevLett.85.3966]

Sanada, A., Caloz, C., Itoh, T., 2004. Characteristics of right/
left-handed transmission lines. /EEE Microwave Lett.,
14:68-70. [doi:10.1109/LMWC.2003.822563]

Scardelletti, M.C., Ponchak, G.E., Weller, T.M., 2002.
Miniaturized Wilkinson power dividers utilizing capaci-
tive loading. [EEE Microwave Wireless Compon. Lett.,
12(1):6-8. [doi:10.1109/7260.975717]

Shelby, R., Smith, D., Schultz, S., 2001. Experimental verifi-
cation of a negative index of refraction. Science,
292(5514):77-79. [doi:10.1126/science.1058847]

Simovski, C.R., Belov, P.A., He, S.L., 2003. Backward wave
region and negative material parameters of a structure
formed by lattices of wires and split-ring resonators.
IEEE Trans. Antennas Propagat., 51(10):2582-2591.
[doi:10.1109/TAP.2003.817554]

Smith, D.R., Padilla, W.J., Vier, D.C., Nemat-Nassser, S.C.,
Schultz, S., 2000. Composite medium with simultane-
ously negative permeability and permittivity. Phys. Rev.
Lett., 84(18):4184-4187. [doi:10.1103/PhysRevLett.84.
4184]

Vassilev, V., Belitsky, V., Urbain, D., Kovtonyuk, S., 2001. A
new 3-dB power divider for millimeter-wavelengths.
IEEE Microwave Wireless Compon. Lett., 11(1):30-32.
[doi:10.1109/7260.905959]

Veselago, V.G., 1968. The electrodynamics of substances with
simultaneously negative values of ¢ and u. Soviet Physics
Uspekhi, 10(4):509-514. [doi:10.1070/PU1968v010n04
ABEH003699]



