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DIRECTIONAL COUPLER BASED ON METAMATERIAL SQUARE CS RR SHAPE
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ABSTRACT

Metamaterials are artificial structures that cardesigned to exhibit specific electromagnetic progerthat are
not in the nature. In this paper, we design a tizeal coupler, based on the theory of the sptigniesonators (SRRs), and
the complementary SRR (CSRRs). The simulationthefdirectional coupler are based on the SRR ardRCSguare
structures. The advantage of this circuit is thet area of the coupling is great as regards tacdupler based on the
circular structures of the SRR and CSRR. The resailsimulation with the miniature structures shbwe backward-wave

phenomenon of the left-handed (LH) material.
KEYWORDS: Directional Coupler, Metamaterial SRR and CSRRya8¢ Shape, Backward Waves
INTRODUCTION

Metamaterial transmission lines are one-dimensipnahagating structures consisting on a host lrel¢éd with
reactive elements. References [1, 2] give a widenadgw on this topic. The most outstanding propeityhese artificial
lines is the controllability of their electrical a&tacteristics (impedance and phase), which arerisup® that of
conventional lines due to the presence of loadiements. This allows us for the synthesis of aréfitnes with extreme
impedances and/or artificial lines where the eleatriength is not directly related to the physitaigth (as occurs in
conventional lines). This latter characteristi@isonsequence of the controllable dispersion dimagrisuch lines, and it
has a fundamental implication: the required eleatrilengths of the lines (which are determined hg specific
applications) are achievable with structures whdisgensions are significantly smaller than those dsiwns that result
when using conventional lines. In many applicatjdhe required phase shift (and impedance) ofittesIcan be satisfied
by means of a single stage structure [3], this dp¢he optimum solution for device miniaturizatioit this point, we
would like to mention that although the commonlcemed definition of metamaterial transmission liaéers to an
effectively homogeneous periodic structure. Thesoeais that for microwave circuit design the aintdsachieve the

required electrical characteristics at the desiggdency, rather than to synthesize an effectivéiune

Two main approaches have been proposed for thehesiat of metamaterial transmission lines: the dual
transmission line model [4] and the resonant-typpreach [5-7]. In the former one, a host line iaded with series
connected capacitances and shunt inductances. &edype metamaterial transmission lines are implead by loading
a host line either with split rings resonators (bomad with shunt inductances) or with complementapjit rings
resonators (in combination with series capacitanosls these artificial transmission lines exhibit anusual dispersion
diagram, in which two transmission bands, separbted frequency gap. Within the lower frequencydahe loading
elements are dominant and wave propagation is beckgor LH: Left Handed). Namely, the phase andigreelocities
are anti-parallel and, assuming that the energysflinom left to right (positive direction), the pleasonstants, is

negative. Left handed wave propagation in thisdesgry region (lower band) can be interpreted astdube negative
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values of the effective permeability and permittivof the medium, which are achieved thanks tophesence of the
loading elements. Alternatively, the unit cell biese artificial lines (host line plus loading eletsgrtan be described
through lumped element T- circuit models, from véhar simple analysis reveals that the negative ssegiactance and
shunt susceptance (related to the presence obdldéng elements) is the origin of backward wavethénfirst transmission
band. In the upper transmission band, wave projagé forward (or RH: Right Handed) since the lsheminates over
the loading elements and the signs of the ser@garce and shunt susceptance are both posititteisiregion > 0 and
the phase and group velocities are codirectionalally, in the stop band region, the series reamaand shunt
susceptance have opposite signs and signal prapagat not allowed. In summary, the artificial tremssion lines
implemented by means of LC loaded lines or throtighresonant type approach exhibit a compositet/léfhhanded
behavior. In certain applications, the left hanbadd is the pass band of interest. In others,dlevant aspect to achieve
the required performance is the presence of thebavals (LH and RH). This is the case, for instamteéhe design of
broadband filters based on a continuous transiteiwden the left handed and right handed band$ieptesent article,
the controllability of the dispersion diagram ofchuartificial lines is used for the design of an amted bandwidth
component with compact dimensions. This was doaeipusly by considering LC loaded lines, but it haser been done

by using resonant type metamaterial transmissiwsli

A systematic approach is introduced in the presemk, and the approach is applied to the desiga oit-race
hybrid coupler. In this work, complementary spiitgs resonators loaded lines are used. By addingsseapacitive gaps
to these structures, a composite right/left handeliavior arises (as has been indicated above). ¥awsince in the
present work only the left handed band of theseslis exploited, we will refer to these lines dshanded lines from now
on. It is also possible to implement forward (rigf@nded) artificial lines with controllable charaistics by combining
complementary split rings resonators with shuntneeted inductances. The topologies of the basis & both line

types and their corresponding equivalent T-cirmwidels are depicted in Figure.1(b).

LH AND RH BAND

The layout of strip-shaped CSRRs combined withesecapacitance implemented by a series gap ahdritsed
element equivalent T-circuit model are shown inurégl(a). As proposed in [8], under the assumptian the electrical
size is small compared with the wavelength and idenisig the part as the basic cell of periodicaldure, the phase shift
factor can be obtained:

C(1-w?LCg)(1-w?LcCe) )

cos@p =1+ 20 [1-w2Lo(CotC)]

Eq. (1) indicates that the left-hand pass-band rsdcuthe frequency region:

_ 1 C+4cy
fu= 2m \/LC[4Cg(CC+C)+C(CC+L)] 2)
fu = 5= (3)
H ™ on [LcCe

Right-hand pass-band can be found above the freguen

: 4)

fr =2 ICy
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By adjusting the series capacitancg @ht-hand pass-band can be moved, and espeamify is increased to a

certain value a balanced CRLH transmission withewpdss-band can be produced.
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Figure 1: (a) Layout of Strip-Shaped CSRRs Combinedvith Microstrip Coupled Line
(b) Eqailent Circuit Model
COUPLER DESIGN AND RESULTS

A square shaped CSRRs topology and their relevanertsions are shown in Figure.l (a). The relevant
parameters of the CSRR element wire are 1=6.28mm0.5g$nm, and w=0.4mm. The distance between the gierio
elements is 1.72mm. Figure.2 represents the peristdiicture that consists of three square shapd®l Sficture. The
objective in this paper is to design coupler baeedthe theory of the SRR and CSRR in order to wtded the
backward-wave phenomenon of the LH material. Baclwegave phenomenon means that the propagatioreofvétve is

in the opposite direction as regards to the cornepal case.

Directional coupler is passive device with four fspras shown in Figure.(2). A coupler has four goitiput,
transmitted, coupler, and isolated ports. Accordmigure.(2), for the conventional case, pors the incident port, port
2 is the transmitted port, port 3 is the isolatedt,pand port 4 is the coupled port. For the metan® coupler, port 4 is
the isolated port, and port 3 is the coupled pastshown in Figure.(2). Thus, port 3 in the met@mal coupler is
coupled port instead of port 4 in the conventiarmlpler. The implementation of a simple coupldyased on the coupling

of two transmission lines. This is known as a cedgine coupler.

There are two traditional topologies of implemeiotathe coupler, backward (port 3 is coupled pod port 4 is
isolated port), and forward (port 3 is isolatedtpord port 4 is coupled port), as shown in Fig@e.The coupler can be

designed by using the S-matrix with four ports rarkw For a backward coupler, the requirement fon&rix is given [9]

_ _ V1-k2
511 =0 (5)’ 521 - V1-kZ cos@+] sin® (6)
_ Jjksin @
531 - V1-kZcos@+Jsin® (7)
S, =0 ®)

where¢ is the phase shift, k is the coupling factor tisagiven byk = (Zoo — Z0)/ (Zeo + Zgo); WhereZ,,

andZ,, are the even characteristic and the odd charatiteiinpedance ,respectively. According to the agsion of a
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symmetric structure, even and odd mode analysikteshe coefficients of the above S-matrix, anel¢bndition to obtain

perfect matching at the input port is given&yy= \/Z,, + Z,,

The assumption shift (or the phase velocity) for the even and odd maslesughly the same (which is in turn an
assumption valid for quasi-TEM wave propagationpufling (i.e.Ss;) depends on the electrical length of the coupled

lines and on the coupling factor k. The optimumpding is obtained fot = /2. In this case, the coupling|i$;;| = k.

Thus, in these backward wave couplers, maximum loayplepends on the ffierence between the characteristic
impedance for the even and the odd modes. Thusptlnging is defined by the even and the odd chariatit impedance.
It is difficult to implement a good coupling of the backwaodper, because it is limited by the geometricalitations.
On the other hand, it is easy to get this featfithe coupling by using the metamaterial implemgata In metamaterial,

the couplers are relatively small, depending orrélogiired coupling, and the bandwidth is reasongbbd.

In order to produce the band pass filter we hadpaditor in the microstrip line and then the equevlcircuit for
the new CSRR, as shown in Figure.(2). The prodoatibthe band pass filter is based on the equivalieotit for the
CSRR [10].

The design of our coupler is based on the arti€ld ], The simulations of the directional coupbre based on
the theory of the square structure (and not baseth® circular structure) of the SRR and CSRR. atieantage of this
circuit is that the area of the coupling is greatregards to the coupler based on the circulactstre. For 36 mm given
length, as shown in Figure.(2). From the simutatiee can see that the coupler is working in theel¥@s local area

network (WLAN) bandwidth
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Figure 2: The Simulated Model of the Periodic Struture that Consists of Three Square Shaped CSRR Steture
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Figure 3: Simulated S-Parameters Coupler for Threezell Backward Coupler
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Figure 4: Representation of Index of Refraction forthe Coupler
CONCLUSIONS

In this paper, we designed a directional couplasel on the theory of the split-ring resonatorsR§Rand the
complementary CSRRs. A square shaped CSRRs topalodythe relevant dimensions are shown in Figuag. Tthe
periodic structure that consists of three squaapatt CSRR structure is shown in Figure (2). Theaathge of this circuit
is that the area of the coupling is great as regtrdhe coupler based on the circular structuhe fesults of simulation
with the miniature structures show the backwardavatienomenon of the LH material. Backward-wave phemon

means that the propagation of the wave is in thmsite direction as regards to the conventionad.cas
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