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Abstract — In this paper, we present 2 new microstrip
stepped impedunce interdigital bandpass (ilter with tapped
square plit ring resonaters (T-SSRR). The quarter
wazvelengrh stepped impedance resonators (J/4-SIR) allow a
higher f/f; ratio as compared wilh the conventional unit
imped2nce resonator (UIR), thus extending the rejection
band. Mloreaver, the T-SSRR which is shown e be a wide
bund bandstop filter with three transmission zeros, suppress
the spurious passband and extend the stopband further. Ta
verily the proposed structure usefulness, Iwo protatype 3™
arder A/4-SIR bandpass [ilters, with and without T-SSRR,
have been designed ar 523MHz with 6.5% bandwidth.
Demenstrated is a good spurious suppression of -30dB at £,
and the rejection band is wider than 5.8/ with the
fundamental passband aimost unaltered.

index Terms — Nlicrestrip, miceowave (ilter, spurious
response. square split ring resonator, stepped impedance
resgnatur.

L. INTRODUCTION

IDE STOPBAND and high selectivity microwave
filters are imporlant components in the RF front-
end of wireless communication system. Coupled-line
structures are commonly used because of their low cost,
and easy synthesis. But it 15 well-known that spurious
responses  locate  at harmonic frequencies of these
structures [1]-[1], which seriously degrade the hlter
performance. One of the tradilional coupled-line
structures, the parallel-coupled-line, has received special
altenition to overcome the problem of spurious responses
wn recent years {3]-{5). The stepped impedance resonator
bandpass (ilter in [3] maximized the ratio between higher
order and fundamenial resonance using half wavelength
SIR, with rapped-line inpul two tranymission zeros can
be created to suppress the higher order resonance
successfully. In [4], a substrate suspension method has
been proposed to equalize the unequal even and odd
mode phase velocity, so the unwanted passband at 2/, can
be suppressed completely. Penodic grooves structure has
also been reported to meet the Bragg condition 10
overcome the previously mentioned limitations [3).
Another waditional coupled-line structure,  the
interdigital, takes the advantage of compact size and easy
orientation as compared with parallel-coupled-line. The
resonators are quarler wavelehgth with one open circuit
end and one short circuit end in an allernative way, and

the size is just about one-third of the previous parallel-
coupled structure, Because of the groundings. (s
structure 3 2™ harmonic free, and the first spurigus
passband locates at 3f,. However, the sludies on
improving this filter performance are rare [6]-[7] The
work in (6] suppressed this spurious passband by usiny
defected ground structure {DGS) while the unequal
length embedded spurlines in [7] was able 1o create (wo
iransmission zeros for siopband extension. With SIR
applied, good rejection level of -30dB has been obiained
up Lo 4f,.

In this work, we aim at desyning stopband improved
interdigital bandpass [ilter, by using A/4-SIR [8] and T-
SSRR together. Using SIR, /i can be tuned by
changing the rauo of the low impedance and high
impedance sectians. The fundamentil and first spurious
are relocated to low and high frequencies respectively
and thus a wider stopband can be obtained. On the other
hand, split ning resonator can be applied to suppress the
spurious response (0 wider the rejection band. Circular
split ring resonator has been recently discussed for
bandpass and bandstap (ilter design respectively [9)-[1(]
Here, new lapped square split ring resonator (T-SSRRj 15
used. It is shawn he response of (his new structure 15 3
wide bandstop one with three transmussion zeros Using
this element at the tapped-iine input and outpul of ihe
(ilter, together with SIR, wide siopband perfermance can
be achieved.

Besides this introduclory section, section Il anulyzes
the basic characteristic of SIR and T-SSRR, and presents
the pew filler structure in interdigital architecture using
these two lechnigues. Section L[l shows the simulation
and experimental results. The conclusion s then drawn in
Section V.

1. FILTER DESIGN

4. SIR

Fig. | shows a }/4-SIR, which is a guarter wavelength
resonator with one low impedance section and one high
impedance section, one of its terminals is shorl circuit
and the other end is open circuit. Comparing with lhe
conventional UIR, SIR allows the tuning of fundamental
and higher order resonances by the length and width of
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the low impedance and high impedance sections. The
impedance ratio R is defined as

(1)

With the input admittance of this resonator given by [8]

Vo= v Y.tan 8 tang, - ¥

i, (2)
T Yoang + Y an

it can be found that maxinuin rabio of the first spurious /,
to the fundamental f; is obtained when &= 8: = §,, and
the resonator ratio is calculared as

- I.IR

an

'./:SIR

fD.S!.R

when R =1, fisi = 3fisir. 50 the first spurious response of
1 conventional interdigital bandpass Flter locates at
around 3/ By tuning R, this resonanee ralio can be
changed, it is greater than 3 when R is lower than |, and
tower than 3 when R is larger than 1. Moreover, the 51R
resonance fp and f; normalized with respect to that of UIR
are given by

Josw 4 tan"' VR
Jou

(4

T

Jisin - A(r - lan”' ﬁ)
f}b‘.’x

Fig 2 graphically displays fusw/fore and fiswlfi i against
R It can be seen that as long as R 1s less than |, the SIR
Ju shifts 1o a lower frequency when eompared with that of
the UIR while /; moves to a higher frequency value. As a
result, the rejection band of filters using SIR can be
greater than conventicnal UIR ones. and the smallest
value of R should be ehosen.

(3)
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Fig 1. Structure of (o} 4/2-81R, (b) Grounded 4/4-51R
8 T-SSRR

Although S1R extends the rejection band, the spurious
passband sull exists. Also, there are upper and lower
limits o the strip width depending on the substrate
parameters, and the resolution of the fabricalion process.
In order 1o extend the stopband further, the spurious
response must be suppressed. Here T-SSRR bandsiop
filter is inuoduced in Fig. 3. It consisis of two square
open loops, one al the outer and one in the inner with
gaps at opposite direction, the width of the rings are the
same and there 15 a 3001 transmission line section with
the rings as shown in the figure,
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Fig. 2. Relatianship berween resonance and impedance ratos.
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Fig. 3. Layoutl of proposed tapped square split ring resonaloy
{T-SSRR).

As an example, the bandstop response of this new
structure has been simulated using /£3D [11] with circuat
dimensions as: w = 3.326mum (30QY), g = 1.45mm, w, =
1.125mm, s = 0.8mm, £, = |3 5mm, and £; = 9.65mm.
The substrate employed has & = 3.38 and thickness
[.324mm. The resuit in Fig. 4 clearly shows a bandstop
response, (hree (ransmuission zeros are observed at
2.31GHz, 2.84GHz, and 3. 16GHz respectively. The 3dB
frequencies are 2.2GHz and 3.2GHz, corresponding o a
bandwidth of 37%. Sharp cutofls, low return loss are
seen at the cutting edge and stopband respetively, with
low insertion loss below 1GHz, lhus tlus structure 1s
suitable for high crder spurious suppression, such as 3f;
or higher.
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Fig. 4. Response of the T-3SRR: |5;,| (solid) and |5, {dot}.
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C. Filter Topology

The filler topology using */4-SIR and T-SSRR is
illustrated in Fig. 5. Three A/4-5IRs are amanged in
interdigital architecture, it forms the main structure ol a
¥ arder bancpass filter. the fundamental and first
sputious frequency can be estimated by Eq. (3)-(5), while
the bandwidlh s mainly conmolled by the separabon of
the resonalors. Furthermore, T-SSRR are cascaded at (he
input and oulput ports for spurious passband suppression.
Ustng this mew T-3S5RR SIR interdigital structure, wide
stopband and compact size filler is realized.

& Loz

Fig. 3 Layour of T-SSRR A4-SIR .neerdigital bandpass

filter

1), SIMULATION AND MEASUREMENT

To examine the proposed structurs, SIR filters wilh
and without T-S5RR have been designed on Rogers
RG4003 wuh substrate parameters given in Sect:on [[-B
at 5 = 5325MHz with 6.5% fracuonal bandwidih. the
attenuation of the rejection band should be beller than
-30dB. The groundings are provided by via holes. To
avoid conductor overlapping and unwanled coup ing, the
low impedance section is slightly shorter than ha.f of the
tozl length with £ = 1.041 4.

To design the filter in Fig. 5, the SIRs without T-5SRR
are first considered. The impedance ratio 15 R = 0.29 with
Lo+ Lg = 54.7mm, Lhe spacing S 1s 2.24mm to achieve
6.3% bandwidth. The simulated resull trom f£30 shows
a center frequency at 523MHz with [(irst spurious
passband cenlered at 2.84GHz (5.4/,) as in the dot line of
Fig. 6. Compare with a UIR at 525MHz, this SIR achieve
a lengrh reduction of about 40%. Secondly, the T-S5RR
are designed to suppress the spurious passband around
5.4f;. the dimension is same as the one introcuced in
Section [I-B with the stapband from 2.2GHz to 3.2GHz,
From the simulated resulis in Fig. 6, one can see that the
spunious passtand has been suppressed successhully. The
peaks at 3.4/p is lower than 40dB, with good rejeclion
levei of -30dB ull 3GHz.

The measursment results are pressated in Fig. 7, the
center frequency shifls shghtly to 517MHz and the
bandwidth and insertion loss were measured to be 7.4%
and less than -1.24dB respectively. The spurious
response was suppressed to -30dB, and thus the rejection
band of this {ilter 15 over 3GHz (58/)). The difference

between simulation and measurement may due (0
fabrication tolerance. The bandpass performance in Fig.
7(b) shows that the main passband with and without T-
SSRR is almost the same. The measured performance of
the filters are recorded :n Table I
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Fig. 6. Simulated resuls of the A/4-3[R interdigial bandpuss

fiter (dor}) and T-S35RR w/d4-SIR inerdigunl bandpass filter
{solid).

1Sl 1S+l (dB)

05 T 15 2 25 3
Freguency (GHz)
(2)

i ]
,._,"2 ............................................................
@
=
Gt ffo e N
&

N O OO

L

48

552 354

Frequency (GHz2)
(&)
Fig. 7. Measurement results of the A/4-SIR interdigual
bandpass lilter {dot) and T-SSRR J/4-S[R interdigital bandpass
filter (selid); (a) passband and siopband view and (b) passband
VIEW.
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Shown .n Fig. 8 is the photograph of the f(abricaled
microstrip T-SSRR 34-SIR interdigital bandpass [ilter.
The circuitry size is about 8x5.5cm®. Compering with a
eonventional 525MHz inierdigital  Gler, this new
structure olfers & resonator fength reducticn of abou!
40%, and -30dB rejeetion band over 3 8/,.
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TABI.E!
MEASUREMENTS SUMMARY
r_ SIR SIR T-SSRR_|
fp (MHZ) 515 | 517
Passband loss (dB) -1.28 -1.24
BW (%) 8.3% 7.4%

Fig ®  Phorograph of the T-SSRR  A/4-SiR

interdigital bandposs fiiter.

microstrip

1V, CONCLUSION

[n this paper, a new T-33RR a/4-SIR interdigital

bandpass (ilter has been proposed and tested successfully.

The GSIR  exiends the stopband by moving the
fundamental and spurious resonance (o a lower and
nigher frequency respectively, The three transnussion
ceros T-85RR bandstop filter suppresses the spurious
esponse and exiends the rpeciion band signifieanty. A
3% order filter centered at 323MHz has been designed. a
wide -30dB stopband over 3.8/, has besn simulated and
measurcd successtully
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