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Investigation to M etamaterial Transmission Line Filters Based on the CL -
loaded Approach

Amr Elawamry* and Maher Khaliel*
'Benha Faculty of Engineering, 13512 Benha, Qalubispt

Abstract-This paper investigates the design of narrow bdndl band, and ultra wideband bandpass
fiters using metamaterial transmission line Cl-ld@pproach. In this paper we present a suggested
design methodology for designing such filters. Shee of filters produced is very compact and easy t
integrate. Beside compact size we obtain compafatdeperformance. Using methodology proposed
the upper passband harmonics of the obtained fdsr be rejected and hence the stopband
performance is improved. These metmaterial fil@ms designed based on the composite right left
handed (CRLH) Transmission line CL-loaded approddte unit cell used in the design consists of
interdigital capacitor and short circuited stub.r Rbe methodology verification a narrow band
bandpass filter is designed and tested. The fidesigned has the following properties, resonant
frequency at 900MHz for mobile communications, haiath equal to 80 MHz, insertion loss lower
than-1 dB, with in-band return loss lower tha?b dB, and a wide stopband. The total filter sie i
about 2 cm x2.4 cm which is very compact compared to other matarial and conventional
microstrip filters. Also in this paper an ultra-wioand (UWB) filter is designed and tested. Theffilt
has a passband from 2.3 to 11.3 GHz with a maxinmsertion loss of2 dB, and a wide stopband up
to more than 10 GHz with a rejection mostly bettem-7 dB. The total filter size is aboutZlcmx

1.8 cm which is also very compact compared to atiheiamaterial and conventional microstrip filters.
The design steps, simulated and experimental eeqiltthe designed filters are presented. The
simulation results agree with the experimentalltssu

|- Introduction

Metamaterial transmission lines can be used indidmign of microwave devices such as
filters. On the basis of their controllable chaeaistics, these lines have been applied in the
design of microwave devices showing compact dinoerssi and improved performance. Several
kinds of lines have been applied in the implemamtaof filters with different performances.
Some of them were based on the CRLH trasson line CL-loaded approach.

Recently, CRLH transmission lines have been usedc@mstructing various filters in
several papers. These CRLH structures are artifraiasmission lines constructed of cascaded unit
cells, composed of capacitors and inductors. In & harrow bandpass filter is proposed where
CRLH transmission line structure is implementedha form of interdigital capacitors and short-
circuited stubs. But the insertion loss of theefilts about -5dB which is quite big and the overall
area of the filter is about 6cmx4cm which is alsitl big to be integrated in a very compact
system. A research in [2] presents a narrow bamsdpidter which is based on left handed
transmission line zeroth order resonators. Thierfiin [2] consists of 15 cells and the unit csll i
4.8mm long. These cells are cascaded to form Hlteg, fso the filter size is also relatively large t
what is introduced by us. A research in [3] preseat miniaturized narrow bandpass filters
depends on metamaterial transmission lines resaiypet approach. The filter in [3] consists of
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three coupled metamaterial closed loop resonatas,insertion loss about -3dB which is quite
big, and the overall area of the filter is abolc&x5.5cm. Another research in [4] which is also
depends on metamaterial square loop resonatortharsize of the filter is about 3.5cmx2.5cm.

Also, the UWB bandpass filters can be designedguie CRLH metamaterial cells. In [5],
an UWSB filter is proposed that use three interdigiine and short-circuited stub cells. It has
fractional bandwidth equal to 42.86% which does fudlly utilize the whole range of the FCC's
spectrum mask, and with insertion loss equal tbdB. A research in [6] presents an UWB filter
based on a simplified composite right/left-handeshgmission line (SCRLH- TL). It has fractional
bandwidth equal to 110%, but it consists of fivet wells and uses U- slot etched in the ground
makes it not considered as a planar structure.

Regarding to the design of narrow and ultnadeband bandpass filters using
metamaterial transmission line Cl-loaded prapch we present a suggested design
methodology for designing such filters based ory @me unit cell. The use of one unit cell results
in a significant size reduction compared with ottmécrostrip and metamaterial filters. So the sike o
the produced filters is very compact and easy tegiate. The unit cell used in the design consists
of interdigital capacitor and short circuited stub.

|- The Suggested Design Approach

Our suggested procedures for narrowband and UWBmsaerial bandpass filters include
mainly four steps:-

1- Calculating the circuit element§;(L;, Cg, Lg) which produce the response required using initial
circuit design.

2- Calculating the physical dimensions of the watl using equations (1-a, b, ¢, d) to produce
such inductance and capacitance values required.

3- These initial values are entered in layout satioh software and iterations are done until the
optimized response is obtained.

4- Using stepped impedance lowpass filter to ach asask for the filter. As an effect of step in
width impedances the periodicity of the cell wile lsuppressed, and the other higher different
harmonics will be disappeared in case of narrowbfitets, and the stopband performance will
be improved in case of UWB filters.

[11- Narrow Bandpass FiltersUsing CRLH Metamaterial Cell

Following the design steps, first of all the valuals capacitances and inductances are
calculated using initial circuit design asowsim in figure (1) to produce a passband at
900MHz with bandwidth equal to 80MHz. So, the idigital line’s sizes, and short circuited stub
are calculated to realize such capacitances anactawces values. The unit cell that is used in
narrowband filter design is shown in figure (2).\he iterative steps using equations (1-a, b, e) d,
the final cell dimensions are shown in table (13. ghown from figure (3), the aimed response is
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obtained and we have a passband centered at 900Wthibandwidth of 80MHz. From figure (3),

it is shown that the second passband is spaced a®Hz from the first resonance. If we intend
to use such a unit cell as a mono-bandpass filbey at 900MHz and reject the other passbands
to improve the stopband performance, we can useppad impedance lowpass filter [7] in series
with the unit cell to act as a mask for the desipadd. If a dual bandpass filter is intended, pay
attention that the space between the first andngsepassband cann't be controlled using only one
unit cell. So we must add another cell for the sdcpassband, with the same methodology
calculating the dimensions of the first and secoetl and tune them together with appropriate
matching element after that we can mask the finst second passband together. So this approach
can be used for designing dual band bandpasssfiftksio. The layout mask and the photograph of
the fabricated 900MHZ filter are shown in figure.(#igure (5) shows the response of the filter
after adding the stepped impedance mask. As shown figure (5), the second harmonic of the
unit cell is suppressed besides improving the &ditamd performance of the filter. The final
dimensions of the stepped impedance sections dmn®1mm, 0.2mmx1mm followed by
10mmx1mm. We add 5mmx1.478mm microstrip sectiortieatwo sides of the filter for input and
output port extension.
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Figure (1): Circuit elements of the 900MHz bandpass filter.
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Figure (2): Unit cell T-equivalent.



Variables Final dimension
Unit cell period(p) 5.5mm
Stub lengthre,...) 23.5mm
Stub width(w,,,,;) 2mm
Interdigital finger lengti, ) 1.5mm
Interdigital finger widtliw, ) 0.5mm
Spacing between fingers 0.2mm
Via radius 0.5mm
Number of fingers n 9

Table (1): Final cell dimensions of the 900MHz filter.

Cp =2 (e, + D[0.1(n - 3) +0.11] pF (1-a)
Lg = 2 x 10741, [1n (W‘°+t) +1.193 + 0.224 %] Kq nH (1-b)
W
Kg = 057~ 0.1451n (5) (1-c)
L, ~ Z tan(psi ¢) H (1-d)
F (1-e)

_ Wstub - Lstub
CR = e — 1

Where n is the number of fingers, is the fingegtanis the finger width, and W is the width
of the microstrip interdigital capacitor, as shoimanfigure (2). The above h and t mean the

thickness of the substrate and metallization in use
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Figure (5): Layout simulation after adding the stepped impeddowpass filter.

IV Ultra Wideband Bandpass Filter Using CRLH Metamaterial Cell

In this section the design of UWB bandpass filtéxich is based on the metamaterial
Composite Right and Left Handed Transmission-l@RI(H-TL) is proposed. The goals that
are put on the design beside size and harmoniaasgpn goals are to achieve a fractional
bandwidth more than 100% with lower insertion |laasd flat group-delay with an acceptable
in-band return loss performance. We make the dpatidns of the UWB bandpass filter is
equal to the FCC mask values (frequency band frob&Hz to 10.6GHz with center
frequency = 6.85). The values of the capacitanced mductances required can be
calculated from these specifications. Following tthesign steps described before, the
proposed circuit elements are identified to be:

CL = 1.619pF, Lg = 0.4763nH , L, = 4.454nH, Cg = 0.1731pF

The next step is to determine the geometric parmmmaif the interdigital capacitor
and the short circuited stub to achieve these degapls. Via iterative steps and using
equations (1-a, b, c, d, e) the final cell dimensi@are shown in table (2). We use step in
width impedances to improve the filter out of Ogrerformance. Transmission line lengths
and widths of the steped impedanceslare= 1.5,L, = 2.5,W; = 1.52,W, = 1.72.

Variables Second designed values
Unit cell period(p) 3.254mm
Stub lengthre,. ) 9.8mm
Stub width(w,,,,,) 1.00mm
Interdigital finger lengtly, ) 2mm
Interdigital finger width, ) 0.1mm
Spacing between fingers 0.12mm
Via radius 0.12mm
Number of fingers n 16

Table (2): UWB metamterial filter cell dimensions.
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V- The Experimental Results

Based on physically realizable cell dimensions giwetable (1), table (2) and stated
above, the filters have been fabricated on RoB&&10 substrate witt). = 10.2, substrate
height h =0.05", loss tangent = 0.001, and conductor used is coppe layout mask and the
photograph of the UWB fabricated filter are showtiigure (6).

1.2cm

& [
< >

al.8cm

Figure (6): (a) Layout mask (b) Photograph of the fabricatedBfilter.

The comparisons between the simulated and measesetts for the 900MHz filter
are shown in figures (7, 8), and that for the UW&if are shown in figure (9, 10). From the
comparison there is a little frequency shift betwélee measured results and the simulated
results. Also the in-band insertion and return lass different from each other. It is shown
that the insertion loss increased in the measw®dtrthan the simulated result and the return
loss decreased in the measured result than thdaseduresult. Also the stopband
performance of the measured results is differean tthe simulated results. These small
different in results comes from losses of the twdASconnectors and the human tolerance in
fabrication.
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Figure (7): Insertion loss comparison of the measured and ateairesults for the (900MHz) filter.
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Figure(9): Insertion loss comparison of the measured and abediresults for the UWB filter.
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V-Conclusion

This paper presents a design methodology for desgjgnetamaterial filters based on
the composite right left handed (CRLH) Transmisdioe CL-loaded approach. It has been
shown theoretically and experimentally that theppsed methodology is able to realize
narrowband as well as UWB filters. The novelty lre tdesign is that we use step in width
impedances to improve the stopband performanceadsbf increasing the number of cells.
So, the size of filters produced is very compacbni these results we can confirm the
method of design, and it was shown that the siradland measured results are in good
agreement.
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