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ANOVEL POWER DIVIDER BASED ON THE COMPOSITE
RIGHT/LEFT HANDED METAMATERIAL TRANSMISSION
LINE, FOR GSM AND UMTS APPLICATIONS

Alexandra Bogdan OCHETAN', George LOJEWSKI
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L. Introduction

Left-handed (LH) metamaterials are defined as amificial, effecuvely
homogeneous clectromagnetic structures with unusual properties, not readily
available in nature as backward wave propagation, simultancously negative
permittivity and permeability, negative refractive index, zero order and negative
resonances [1]. An effectively homogeneous structure 15 @ composite structure
having a simactural average ccll size much smaller than the wavclength, this
condition also defining the aperating frequency band.

A Composite Right'Left Handed {CRLH) metamatcrial is a practical
implementation of a LH metamaterial, which alse includes unavoidable nght-
handed (RH) effects [1]. CRLH metamatenial transmmssion lines have been used to
build microwave devices with improved performances such as leaky-wave
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antennas [2], [3], resonant antennas [4),[5] dircctional couplers [6], power
dividers and so0 on. Power dividers are usually uwsed for dividing a RF signal or to
feed an amay of antenmas. Several power dividees based on the CRLH
transmizsion line have been proposed [7].[8], however they are single band and
have cither high insertion loss or low isolation between output ports

This paper presenis 2 novel dual band power divider with improved
performances: 0.04 dB maximum magnitude unbalance, 0.4° maximum phase
unbalance, — 44 dB 1solation between outpot ports and 0.21 B addibional losses.

2. The CRLH stroctare

The proposed CRILH cell is presented in fig.l{a). It is designed in
microstrip technology, the metallczation being cooper of 0.017 mm thickness and
the dielectric laver being Rogers RT3880, with ,= 2.2 and 1.574 mm thickness.
The cell is composed of an interdigital capacitor (12 digits of 0.1 mm width cach}
which provides the series left-handed capacitance Cp and a custom designed
shortcircuited stub which provides the parallel left-handed mductance L. When
characterizing the cell, the effects of parasitic rght-handed elements (Lg and Cy)
mist alzo be taken into account. Thiz 1= shown in fig 1L0b), where the eguivalent
cell’s circuit is presented. By using the T-m method presented in [1], the
theoretical values for the cell’s parameters were extracted: Cp= 114 pF,
Lrg=4.33 nll, Ly = 2.93 nil, Cg= 0.66 pF.
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Fig.L. {ad The CRLH cell, (b} aquvalent cirewit for the cell, o) the CR1LH structure

If two such cclls are armanged in the configuration presented in fig.1.ic).
results an unbalanced transmission line with a phase constant () taking negative
values for the LH operating band and positive values for the RH operating band,
as shown in fig.2. The phase constant can be expressed using equation (1) [1].
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Fig.2 Sampled dispersion dizgmm for ihe teen-cells CRLH strocture

D 1 the effective homogenegity, when the CRLH structure 15 open-ended
it behaves like a resonator, The open-ended resonating structure can be coupled fo
the extemal ports by very thin microstrip lines.

For repular BH resonators, the resonance frequencies are the frequencies at
which the physical length of the structure is a nultiple of half a wavelength, or the
clectrical length 15 a multiple of 7 radians, This is expressed in equation {T):
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where { 1= the total length of the structure.

The rezonance frequencies can be exmacted by sampling the dispersion
diagram with a sampling rate of 51 In the case of BEH structures, the phase
comstant 15 positive and linear so the resonances will be positive and in harmonic
matios, Om the other hand, for CELH structures the phase constant con also be
negative or equal to zero, and therefore, in addition to the conventional positive
TESOTANCES, negalive resonances and 3 sero-order resonance also exist, The CELEH
structure will have a finite number of resonances: M-1 positive resonances, M-1
nepative resonances and the zero-order cesonance, where M o1 the number of
invalved cells

The proposed CELH structure {figl.c)) congists of two cells and
therefore a total number of 3 resonances can be achioved (one positive, onc
negative and a zeco-order resonance). The zero-order resonance 15 of great interest
due fo the fact that o corresponds o the shunt resonance frequeney (Fa) and
therefore it depends only on the circoif elements Ly and Cr of the ondt cell and no
on the phvsical length of the resonator.

The constitutive elemenis of the cell bave been designed o oblam the
zero-order resonance frequency in the UMTS operating band and the first negatme
resomance frequency in the GEM operating band. This s conlirmed by g2,
where by sampling the phase constant we oblain &= 197 GHz and £,=0.8]
iz,

X The power divider

Fig.3 shows the power divider. It is composed of two CRLH structures
connecied in parallel. Port nool is the mput port, where the streciore 18 excited
wsing a coaxial feed from bellow and port no.2 and no.3 are outpat pods,
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Fie 3 The power divider

This structure was analyzed with an electromagnetic simulation sofiware
(sonnel Professional, v. 12 [9]) and the results are shown in fig.d.
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The masnibude of the reflection coefficient can be improved by oplimizing
the matching herween the characteristic impedance of the port (Zy = 50 Q) and the
input impedance of the power divider, The input impedance of the divider can be
modificd o a value closer to 50 £ of the characteristic impedance of the two
CRLH structures is modified properly. This is achieved by using the modified
structure from fig.5 where at the ends of the divider, two U shaped elements have
been added. Fig.6 shows that the real part of the mput impedance modifies toward
500, f1x. T shows that the imaminary part of the input impedance modifies toward
zero, and fig B shows the improvements achicved for the rellection cocfficient
when using the optimized structure.
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Fig.5 The optimized power divider
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Considering a VEWR lower than 2:1 (or [5y| < —9.54dB) the proposed
power divider bas two operating bands: 0,83 GHz 1o 00.%0 GHz (BW, = 12.1%%5)
covering the requirements of the GSM svstem and 162 GHz o 2.4 GHz
{BW,= 38.8%) covering the requirements of the UMTS system.
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Fig. 9 Mogminsle of 5, 53, and phase of 5,

Fig.? presents the amphiude and phase of the ransmission coellcient, Al
= 0.9 GHz, |$s]=-3.74 dB and at 3= 1.94 GHz, |S:|=-3.21 dB. Therefore,
al these frequencies the additional losses due (o the losses in the conductor, in the
dielectric layer and by radiation, are very low: 0.74 dB, respectively 0.21 B,

Fig.10 presents the magnitude and phasc differences between the output
ports, In the operating bands, the maximum amplitude difference 1z (.04 dB and
the maximum phase difference 15 0.4°.

From fig 11 it can be scen that the maiching of the output ports and the
isplation between oulpul pots are very poor. These inconvenicnees can be
improved by adding a lumped resistor (R = 2Zy= 100 £2) and a lumped capacitor
{C =3 pF) between the output ports of the structure modified as shown in fig. 12
Bending the structure has only a small negative effect on the device’s responsc
which shiltz m [requency but it can be easily compensated by modifying the U
shaped clements. Fig.13 shows the matching of the output ports. In this
configuration, the structure i3 well matched at all its ports. Fig, 14 shows that good
isolation is achieved between the output ports in the bands of intorese: at

f 1 =09CGHz, |Sa is -31 dB and a1 = 1.94 GHz, |Sa) is —34 dB.
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f. Conclusion

In this paper a novel compact power divider with hish performances as
low losses, high isolation and good balance of amplitude and phase between
output ports is presented. The dual-band (GEM and UMTS operating bands) is
achicved by taking advantage of the Grst negative and the zero-order resonance of
the proposcd CRLH transmission line. The divider can be wsed i many
applicattons. For example, it can be used w sphi / add BF sipnals, or to feed an
array of antennas. Future work will focus on designing multi-port power dividers,
by solving the problem of inserting lumped clements between output ports, in

order to obtain a good isolation.




150 Alexandry Bopdan Ochotan, George Lojewski

Acknowledgment

The work has been funded by the Sectoral Orperational Programme Human
Resources Development 2007-2013 of the Romaman Ministry of Labour, Famiby
and Social Protection through the Financial Agreement POSDRLUG/ 5/5/16.

REFEREMCES

[V] € Cwfoz aod T frok, Electromagnetic Metamaterials: Transmission Line Theory and
Microwrve Applications, John Wiley & Sons, New Jersey, 200K

[2] A. B Ocheran, A. O Bures and (7, Lofewsk, "Movel CRLH cells used in 10 and 20 leaky-
wave amermas”, i Proceedings of the Fourmh Imemational Congress on Auvanced
Electromagrene Matenal in Microwave and Optics, September 2010, pp, 177-179

[3] € Caloz. T Jrok amd A Rewnimgs, “CRELH Meamatenal Leaky-Wave anid Resomant
Amtennas™, in IEEE Antennas and Propagaiion Magazine, vol. 50, ne. 5, Ocrober 2008, py.
25-34

[4] A, B hokerarn e G Lojewsid, "Metanmaierial leakyv-wave and sesonant rype anleras™, m
Procesdings of tee %" Inweroational Symposiom on Electronics and Telecommunications,
Morvember 2000, pp. 57-60

[3] A Eai R Leorg amd 7 frof, “Iefinite Wovelengih Resosad Antermas Witk Monopolar
Fadiaton Pattern Gased On Penodic Stractares™, in IEEE Transactions on Antennas amd
Propagaiton, vl 35, no. 3, March 2007, pp. 8685746

6] € Calaz, A Soesde aud T freh, “A Movel Composite Right-Lefi-Handed Coupled-Line
Directicmal Coupler Wb Arbiirary Couplmg Level and Brood Bandwidth™, in 1EEE
Transactions om Microwave Theory And Technigues, vel 52, no. 3, March 2004, pp. 920-
L

[7] C-L Léw, EK-M. Husng and W Mewzel, “An Uncaqual Power Divider Using Composiie
Right'Lefi-Handed Transmsswon Lme Couplers™, in IEEE MTT-5 Intemnatnal Microsave
Workshap Seres on A oof Mimaozing BF and Microwsawe Passive Components,
Diecembier 2008, pp. 216-219

(8] 4. Lai K Leong ond T, fieh, *A Mowvel H-Pon Series divider using Infinite Wavelengih
Pheromena”, in Intermational Mecrowave Eynm'ﬁinm Uiun,l Tuime B

[9] Bttp: oo, sompetsefiware. com




