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ABSTRACT

A design and fabrication of a compact ultra-widebgdWB) bandpass filter (BPF) using
single cell Composite Right-Left Handed Transmissione (CRLH-TL) is reported in this
paper. This compact filter design is achieved usirgingle cell CRLH-TL structure which is
implemented on the FR4 dielectric substrate withmpigivitty of 4.4 and dielectric thickness of
1.6mm. The dimensions of the filter structure cdasthe capability of the fabrication tools in
Indonesia. The compact filter operates from 4 G#18.6 GHz with insertion loss less than -
1.5dB.
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1. INTRODUCTION

Ultra Wideband Technology was first published amutroduced by the Federation
Communications Commission (FCC) in the USA on 18r&ary 2002. UWB technology has
several advantages such as high speed accesslap tdbps and power consumption of only
100 mW (Tanahashi, 2005; Schell, 2002; Zhang g2@lL0).

Along with the development of UWB, research studd@smetamaterials (MTMSs) in recent
years have also increased very rapidly. Metamddedee also called artificial materials or
defined as Left Handed (LH) material that is anfiaidl electromagnetic structure which is
effectively homogeneous with unusual propertiesawatilable in nature (Caloz & Itoh, 2006).
Metamaterials could be designed using several appes, namely, the resonant approach and
the transmission line approach. Purely LH TL (PLH) Tannot exist physically, therefore the
CRLH model represents the most general MTM striectpossible (Caloz & Itoh, 2006),
(Marques et al., 2008).

Recent studies of UWB CRLH-TL filters are publishedseveral papers. (Mau et. al., 2007)
shows filters with dual-passband, in (Liu et alQ0Q) the filter design does not contain
interdigital capacitors with bandwidth from 3.3 ToGHz. The paper (Bin & Xu-Ping, 2008)
uses rectangular DGS and an interdigital capaeiitht bandwidth ranging from 3.2 to 7.5
GHz. Different from (Lai et al., 2004) we used oplye segment from the periodic structure of
the CRLH-TL to make the component very compact. édeer, our proposed filter is more
compact compared to (Kahng & Ju, 2008), whichthesdve interdigital capacitor lines, while
the proposed filter has only six. Furthermore,direensions of the proposed filter consider the
capability of the fabrication tools in Indonesia.
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2. CRLH UWB BANDPASS FILTER

A CRLH bandpass filter can be considered as egemtdl and C in series and L and C in shunt
as shown in Figure la. In the ‘lossless’ conditiois circuit gives lower cut off and upper cut
off frequencies (Figure 1b) which show Pure LefhHied (PLH) and Pure Right Handed (PRH)
Transmission lines (TL), respectively, followingee equations:
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Figure 1 Single cell CRLH-TL: (a) equivalent ciiic(b) band pass filter (Caloz & Itoh, 2006)

Where is a lower frequency cutoff which represétitsl TL, is upper frequency cutoff, which
represents PRH TL and is the center frequency &, Biile Lg, Cg, L. andC,, respectively,
are designated as: a series inductor for PRH, atstapacitor for PRH, a shunt inductor for
PLH and a series capacitor for PLH. Those paramstesw metamaterial characteristics within
a transmission line approach. The CRLH TL has aitiges negative and zero constant
propagation according to the characteristics cdaife permittivity and permeability (Caloz &
Itoh, 2006).

The CRLH circuit is divided into 2 unit cells namebhsymmetric and symmetric unit cells.
Figure 1la shows the circuit of a single cell CRL$yrametric. For a symmetric CRLH circuit,

it consists of the form T (T-shape) and the form fshape). The symmetric series is the
development of the asymmetric series CRLH. Figusa@vs the symmetric circuit for the phi-

shape, which is used to design this UWB bandp#ss. fi
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Figure 2 phi-shape symmetrical CRLH-TL circuit (Gak Itoh, 2006)

3. IMPLEMENTATION OF CRLH BANDPASS FILTER USING MIC ROSTRIP
TECHNOLOGY

A Single cell CRLH BPF can be implemented usingraerdigital capacitor of a microstrip

circuit as shown in Figure 3. In order to determiine value of L and C, an asymmetric model

of Figure 3 is shown in Figure 4, which representSRLH microstrip interdigital capacitor in

the lumped circuit. It is equivalent to the impedaifZ), while the stub in the lumped circuit is

equivalent to the admittance (Y) (Caloz & Itoh, 8RO

In Out

Figure 3 Unit cell CRLH microstrip (Caloz & ItohQQ6)

Then the inductance and capacitance componentRbH@an be obtained using the following
formula (Caloz & Itoh, 2006) as in the equations:

Ly =L (4)
Cr=2C; +C; (5)
L =L (6)

c_ =C" ()
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Figure 4 Equivalent circuit for CRLH microstrip (62 & Itoh, 2006)

3.1. Design of the interdigital capacitor

Figure 5 indicates a single cell CRLH microstripendigital capacitor, wher&/ is width of a
finger, Sis the spacing between fingetds the length of fingeV is the length of stub; is
width of stub,S is spacing between stub and finger dnid the dielecteric substrate thickness.
It is important to note that the spacing or thettvidf finger or stub is limited to the available
fabrication tools in Indonesia. In this case theaimum value is 0.2 mm. Therefore, in this
design we usew/ = S= 0.254 mm.

Figure 5 Design of single cell CRLH interdigitalpeeitor by using the following equations
(Bahl, 2003)
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C=(g +DI[(N-3)A +A)] ®)
A= 4.409tan{05{%] | }40’6 (9)
h 05
A = 9.92tanri:0.52(wj }10‘6 (10)
4 |
R= 3w .
C. =%Z£fg| (12)
0
L= Z, Cé’re | (13)

The finger length of the interdigital capacitordstermined to 2.365 mm and the number of
finger is determined to 6.

3.2. Design of the ground stub

To design the ground stulky, and Zp is calculated using the impedance calculation
subprograms contained in the CST Microwave Studigh C, = 0.1022 pF, from the equation
below, we obtain the length

_ B | W+t
L(nH) =2x10 I{In(w+tj+ 1193+ 3 }Kg (14)
__ KRy
RO =5 s (15)
C (pF) = 1667><—10_;\' bre (16)
0

Therefore, the stub lengths 4.498 mm

4. RESULTS AND DISCUSSION

The design of the UWB bandpass filter using a CHRligjle cell is simulated using the CST
Microwave Studio. The filter is then fabricated antasured in an anechoic chamber at
Department of Electrical Engineering, Faculty ofgifreering, Universitas Indonesia.
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Figure 6 CRL Filter design results after the fahticn

The dimensions of the fabricated filter: interdagifinger length I is 2.3 mm, interdigital
finger width @) is 0.24mm, finger spacing)is 0.25 mm, and length of the ground stb)(

iIs 4.2 mm. This design with six interdigital fingecompared to (Kahng, 2008) which has
twelve, results in a reduction of the filter are& 6.

4.1. Simulation and measurements results oL §insertion loss)

The simulation and measurement result gfi$ depicted in Figure 7. Simulation results show
that the bandpass filter at 3 dB works from a fesgry 3.93 GHz to 9.2 GHz, while the

measurement result shows a bandwidth from 4 GHx50GHz. The measurement results of
the bandpass filter using a single cell CRLH shewslar results compared to the simulation.
Figure 7 also shows a lower insertion loss betweeious simulation values compared to the
measurement result. The simulation result shows tthe insertion loss is less than -1 dB;
however, the measurement result shows less thamiBL.
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Figure 7 Comparison of,Sbetween measurement results and simulation results
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4.2. Measurements results of 13 (coefficient reflection)
The measurement results of thg 8lso shows that the bandpass filter using thelesiogll
CRLH has a similar result with the simulation résals depicted in Figure 8.
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Figure 8 Comparison of;ghetween measurement results and simulation results

Simulation results show thag:3s below -10 dB in the region between 4.75 GH2.688 GHz,
while measurement result shows from 6.37 GHz t@ ©6iz. The slight difference between
simulation and measurement results is due to irapefébrication of the filter.

5. CONCLUSION

An UWB bandpass filter using single cell CRLH-TL shdeen designed, fabricated and
measured. The fabrication process uses tools alaiia Indonesia, where the six interdigital
filters were designed and therefore they reduceddtal area of the filter to 7%. The compact
filter operates from 4 GHz to 9.5 GHz with insentioss less than -1.5dB.
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