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Uniplanar Compact Wideband Bandstop Filter

Adnan Goriy Member, IEEE, and Ceyhun Karpuz

Abstract—A uniplanar wideband bandstop filter is proposed
using two bended open-end stubs. The proposed filter consists of
the bended connecting line of A,/2 between two bended A, /4
stubs, which resultsin wideband design with arejection bandwidth
of 90% at 2.05 GHz. Further, the connecting line and stubs have
the same char acteristic impedance. The proposed filter compared
to the conventional oneisalso more compact. The area of the novel
filter is(Ag/4)? at thecenter frequency of the stopband, whilethe
areaof thefilter realized usingthenonbended stubsand connecting
lineis2(A,/4)? for the same stopband char acteristics.

Index Terms—Uniplanar filter, compact size, wideband band-
stop filter.

I. INTRODUCTION

N RECENT years, uniplanar transmission lines such as
coplanar waveguides (CPW), coplanar strip (CPS), and slot

line (SL) have become preferable over conventional microstrip Z Z
lines with an increasing use in monolithic or hybrid integrated #1 Z,4d Z.,4d #2
circuit applications at microwave frequencies, owing to their A8 C%%C

small dispersion, low radiation, easy integration with lumped = = = =
elements or active devices, high circuit density, and no need +

for via holes. Many attractive components using uniplanar (b)

St.rUCtures have been_ devebped_ [l]_[4]' However, unlplan,g:llr. 1. Uniplanar wideband bandstop filter: (a) configuratian£ 0.5 mm,

wideband bandstop filters to reject out-of-band frequencigs: ¢.25 mm,g = 0.25 mm,d; = 30 mm, andd, = 15 mm); (b) equivalent

have not been sufficiently considered in microwave literaturgansmission-line modeldy, = 50 2, Z1 = 56.3 Q,d1 = A;/2,d> = A/4,

whereas bandstop circuits are one of the most important pgRe¢ = 11345 fF).

of many passive and active microwave and millimeter-wave

devices employed to suppress the harmonics. open-end stubs and a bendag/2 connecting line between
Some frequency bands in microwave applications can tifese stubs. The proposed filter has the merits of compact size,

filtered using quarter-wave open-end or short-end stubs alopfgleband, and uniplanar feature.

a transmission line or stepped-impedance structures, but these

circuits are typically narrow-band with a spurious passband in || Fj.ter STRUCTURE AND ITS EQUIVALENT CIRCUIT
stopband and require large circuit layout size. PBG structures ) ) ) )
have been employed as an alternate to overcome these pro-"€ wideband CPW bandstop filter structure is shown in
lems in microwave applications [5], [6]. However, practical!9- 1(2)- The structure is composed of two bended open-end
application of a PBG structure usually has difficulty in accomstUPS and a bended connecting line and is in form of the
modating its physical size since the period of a PBG lattigduare open-loop. The bended open-end stubs have a length
has to be a half wavelength at the stopband frequency, wHied2 = /4 at the center frequency of stopband. Unlike
the proposed structure occupies a surface are@\gf4)?, the conventional\, /4 filter, the connecting I|ne_ between the
where ), is the guided wavelength at the center frequen§uPs has alength iy = A,/2 to obtain the wide stopband.

of stopband. Moreover, uniplanar PBG structures also hay8€ Pending of the shunt stubs and connecting line makes the
not been sufficiently considered [7], [8]. In this study, a novdlandstop filter more compact with respect to the conventional

uniplanar bandstop filter is proposed using two bendgfi (nonbended) one. The equivalent transmission-line model
for the bandstop filter is shown in Fig. 1(b). For equivalent

circuit, CPW transmission line sections, compensated bends,
Manuscript received June 20, 2002; revised September 18, 2002. The revigMq CPW open- ends are used. The open-end stubs have the
of this letter was arranged by Associate Editor Dr. Arvind Sharma. s . . .
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As is well-known, the coupled-slotline mode is generated in
CPW bends due to the path length difference of the slots. Air-
bridges were placed at the CPW feed lines and bends in order
to suppress the unwanted coupled-slotline mode, which tends to
radiate, for obtaining an adequate filter performance. Since air-
bridges introduce an additional capacitance, which degrades the
performance of the bend, the compensated CPW bend described
in [10] was used to compensating for the increase in capacitance
due to the air-bridges.

On the other hand, the capacitance value of CPW open end
was calculated a€ = 11.345 fF using design equations given
in[11]. It can also be obtained by fitting the measusegaram- Frequency (GHz)
eters of the open end. In such a case, the fitted value of open-end
capacitance was found to be about the same value as cafdg- 2. Comparison of theoretical performance (solid line) based on
lated one using equations in [111. As a result. the frequenc req_uwalent transmission-line model, S|m_ulated performance (qash—dotte_d line),
ate geq [ ] ! q Y Und measured performance (dashed line) for proposed uniplanar wideband
sponse calculated using the equivalent transmission-line moet&ldstop filter with connecting line of, /2.
illustrated in Fig. 1(b) is shown in Fig. 2. The filter response
has arithmetic symmetry, such as that of conventiogai res-
onator filters [12]. The proposed filter has a rejection bandwidth
of 90% at center frequency of 2.05 GHz, whereas the conven-
tional A\, /4 filter has a bandwidth of 60% at the same center
frequency.

Frequency Responses (dB)

I1l. SIMULATED AND MEASURED RESULTS

Magnitude (dB)

The wideband bandstop filter was designed with a rejection
bandwidth of 90% at a center frequency of 2.05 GHz using a
full-wave em simulator [9]. The experimental bandstop filter
circuit was fabricated on an RT/Duroid 6010 substrate with a
relative permittivity ofe,, = 10.2 and thickness of. = 1.27
mm. During testing, the filter circuit was connected to an HBg.3. Measured performance of proposed uniplanar wideband bandstop filter
8720C Network Analyzer, which is calibrated from 1 to 8 GHzvithout air bridges at the compensated bends and air-bridge ab#3.
Standard SMA connectors, which represent short circuits for

coupled-slotiine mode, were used in measurements. The Mgapridge ab#3. Our measurements have shown that the reso-
surements were performed on unshielded structures. MoreoYgnce at 5.4 GHz is mainly a result of the absence of air-bridges
the air-bridges at the filter's discontinuities were used to SURt the bends, while the resonance at 4.6 GHz is due to the ab-
press the coupled-slotline mode from propagating on the CFWnce of air-bridge ab#3. These resonances are due to the ra-
line. Frequency response for the proposed bandstop filter Rgion loss attributed to the excited coupled-slotline mode. It
been simulated using a full-wave em simulator [9]. Simulateg,oyd be mentioned that the filter performance was not affected
response presents an excellent agreement with theoreticalyigthe absence of the air-bridges ab#1 and ab#2. The reason is
sponse based on the transmission-line model, as shown in Fignat SMA connectors used in measurements represent short cir-
Moreover, Fig. 2 shows the measured filter performance as Welljts for coupled-slotline mode and, thus, the other air-bridges

Measured response presents also an excellent agreement Withe feeds, which need to be used for an adequate performance,
both simulated and theoretical responses. The filter has a rejggyq o equalize the potential of the ground planes. As a re-
tion bandwidth of 90% at 2.05 GHz. The @mmum_return_loss I8ult, it seems that the coupled-slotline mode is suppressed with
the stopband was measured as 0.33 dB; the minimum insertigiying air-bridges at compensated bends and air-bridge ab#3
loss in the lower passband and the upper passband was measygdhence, the resonances at 4.6 and 5.4 GHz disappear due to

as 0.39 and 1.36 dB, respectively. B ~_the significant decrease in the radiation loss.
It should be mentioned that the repetition of each air-bridge

in the filter structure was verified by measuring several filters
with the same dimensions. Additionally, the proposed filter has
been realized using the same structure without air-bridges afA novel uniplanar bandstop filter has been proposed using

the compensated bends and air-bridge (ab#3) at the middlewd bended open-end stubs and a bended connecting line
connecting line ofA,/2 to avoid additional air-bridges. Thebetween these stubs, which have the same characteristic
measureds-parameters of the bandstop filters without thesenpedance as that of connecting line. The measured perfor-
air-bridges are compared in Fig. 3. These results are almost thance is in excellent agreement with both simulated and

same as shown in Fig. 2, except for resonance peaks observatedretical results. The new filter has an area(bf/4)? at

4.6 and 5.4 GHz in the case without air bridges at the bends ahd center frequency of the stopband, which is 50% smaller

Frequency (GHz)

IV. CONCLUSION
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compared to the size of one with the nonbended connecting ling4] Y.-K. Kuo, C.-H. Wang, and C. H. Chen, “Novel reduced-size coplanar-
and stubs for the same stopband characteristics. The proposed
filter has both a reduced-size and a wide stopband of 90% a
well as easy fabrication. This uniplanar filter can also be found
application in broadband receiving systems.

(1]

(2]

(3]

REFERENCES

K. Hettak, N. Dib, A.-F. Sheta, and S. Toutain, “A class of novel

uniplanar resonators and their implementation in original applications,”

IEEE Trans. Microwave Theory Tech., vol. 46, pp. 1270-1276, Sept.
1998.

L. Fan, C.-H. Ho, S. Kanamaluru, and K. Chang, “Wide-band
reduced-size uniplanar magic-T, Hybrid-Ring, and de Ronde’s
CPW-slot couplers,fEEE Trans. Microwave Theory Tech., vol. 43, pp.
2749-2758, Dec. 1995.

L. Zhu and K. Wu, “Characterization of finite-ground CPW reactive se-
ries-connected elements for innovative design of uniplanar M(H)MICs,”
|EEE Trans. Microwave Theory Tech., vol. 50, pp. 549-557, Feb. 2002.

(6]

(71

(8]

9]
(10]

(11]

(12]

waveguide bandpass filterd EFEE Microwave Wreless Compon. Lett.,

vol. 11, pp. 65-67, Feb. 2001.

T. Kim and C. Seo, “A novel photonic bandgap structure for low-pass
filter of wide stopband,1EEE Microwave Guided Wave Lett., vol. 10,

pp. 13-15, Jan. 2000.

F.-R. Yang, K.-P. Ma, Y. Qian, and T. Itoh, “A uniplanar compact pho-
tonic-bandgap (UC-PBG) structure and its applications for microwave
circuits,” |[EEE Trans. Microwave Theory Tech., vol. 47, pp. 1509-1514,
Aug. 1999.

S.-G. Mao and M.-Y. Chen, “A novel periodic electromagnetic bandgap
structure for finite-width conductor-backed coplanar waveguid&gE
Microwave Wireless Compon. Lett., vol. 11, pp. 261-263, June 2001.
T.-Y. Yun and K. Chang, “One-dimensional photonic bandgap res-
onators and varactor tuned resonators,Pioc. |IEEE MTT-S Symp.
Dig., 1999, pp. 1629-1632.

EM User’'s Manual. Liverpool, NY: Sonnet Software, 1999, Version
6.0.

P. M. Watson and K. C. Gupta, “Design and optimization of CPW cir-
cuits using EM-ANN models for CPW componentsZEE Trans. Mi-
crowave Theory Tech., vol. 45, pp. 2515-2523, Dec. 1997.

B. C. Wadell, Transmission Line Design Handbook. Norwood, MA:
Artech House, 1991.

G. L. Matthaei, L. Young, and E. M. T. JoneMlicrowave Filters,
Impedance-Matching Networks, and Coupling Sructures. Norwood,
MA: Artech House, 1980.



	MTT025
	Return to Contents


