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New Triangle-Ring UWB Bandpass Filter with
Sharp Roll-Off and Dual Notched Bands
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Abstract—This paper presents a new ultrawideband (UWB)
bandpass filter (BPF) with sharp roll-off and dual-notched bands. The
filter consists of atriangle ring multi-mode resonator (MMR) with the
stub-loaded resonator (SLR) for controlling the two transmission zeros
at 2.8/ 11 GHz, the embedded open-circuited stub and the asymmetric
tight coupled input/output (1/0) lines for introducing the dual notched
bands at 5.2 / 6.8 GHz. The attenuation slope in the lower and higher
passband edges of the proposed filter show 160- and 153-dB/GHz,
respectively. This study mainly provides a simple method to design a
UWB bandpass filter with high passband selectivity and dual-notched
bands for satisfying the Federal Communications Commission
(FCC-defined) indoor UWB specification

Keywords—steeply sSlopes transition band, bandpass filter,
ultrawideband (UWB), triangle-ring, multi-mode resonator,
stub-loaded resonator.

I. INTRODUCTION

| JLTRA wideband (UWB) bandpassfilters (BPFs) with high

performance are desirable in  UWB  wireless
communication systems (from 3.1 to 10.6 GHz) [1]. Recently,
the UWB filters with single- or multi-notched bands having the
capabilitiesto avoid the interferencesfrom Wireless Local Area
Network systems (WLAN, IEEE 802.11a, 5.15 — 5.825 GHz)
and RFID (at 6.8 GHz). Besides, in order to meet UWB
rediation limits, steep passband selectivity at lower and higher
passhand edges in the UWB filter characteristics become more
important. Therefore, the design of a compact, high passband
selectivity and multi-notched bands UWB bandpass filter is a
great challenge to filter designers. UWB bandpass filters with
notched bands using multiple-mode resonator (MMR) have
been studied [2]-{4]. M. H. Weng et al. proposed the UWB
filter with single notch band (at 5.8 GHz) [2]. The embedded
open-circuited stub is desrable to introduce single
narrow-bandwidth notched band for avoiding the interferences
from WLAN. Z. C. Hao et al. proposed the UWB filter with
multiple notch bands by using the multilayer nonuniform
periodical structure [3]. The filters with single-, double- and
triple-notch bands are implemented on the liquid crystal
polymer (LCP) substrate by using thin film fabrication process.
K. Song et al. proposed the UWB filter with multiple notch
bands by using the asymmetric coupling strip [4]. The filter can
provide two main paths for the signal's, which makes it possible
to generate multiple transmission zeros. In order to avoid the
interference from the WLAN and RFID signals, the UWB filter
with high passhand selectivity and multiple notch bands is
required. In this paper, we present a new UWB bandpass filter
with sharp roll-off and dual-notched bands.
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Fig. 1 Configuration of the proposed UWB filter

The filter consists of a triangle ring MMR with stub-loaded
resonator for controlling the two transmission zeros at 2.8/ 11,
the embedded open-circuited stub and the asymmetric tight
coupled input/output (1/0) lines for introducing the dual
notched bandsat 5.2 / 6.8 GHz. The design theory explains how
to control the two transmission zeros and introduce the dual
notched bands. The theory and guideline for designing the
geometric parameters of the proposed filter are clearly
described. The measured results are in good agreement with
those obtained from the simulation.

Il. FILTER DESIGN

The configuration of the filter developed in this paper is
showninFig. 1. Thefilter consists of atriangle-ring MMR, stub
loaded resonator, embedded open-circuited stub (the total
lengthisequal to A/4 at 5.2 GHZz) and asymmetric tight coupled
1/0 lines. The substrate used for simulation and fabrication in
this study is RT/Duroid 6010 with a dielectric constant (e;) of
10.2 and athickness of 1.27 mm. The proposed filter providesa
new structure to have five resonant modes without etching the
ground plane. The proposed structure provides enough degrees
of freedom for controlling the resonant modes. Fig. 2(a) shows
the structure of the proposed resonator. The resonator consists
of a triangle-ring multi-mode resonator with characteristic
impedance (Zo) and electrical length (6, + 6, + 5= 2n), a
stub-loaded resonator with two propagation paths (path 1 and
path 2) combined with the A/4-length open-circuited stubs and
embedded open-circuited stub with Zs, g along the symmetric
plane of the filter. The two propagation paths composed of the
M4-length transmission line sections with (Zy4, 67), (Z4, 9,) and
(Za, 06) for path 1 and (Z4, 67) and (Z,, 6s) for path 2 are

designed at around 2.8 (64 + 05+ 0;= 7/2) and 11 GHz (07 +65

= n/2) for generating the lower and upper transmission zeros.
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; Symmetric plane Fig. 3 shows the relations between the image aanaig [Y,]
and locations of the lower transmission zero fregies (f,)
depending on the electrical lengths) @nd the impedance ratio

> Output (K =2,/ Z3) of the proposed resonator. The location of lower
transmission zero ) can be controlled by electrical length
and impedance ratio (K =2 Z;, where ZandZ, are fixed) of

. thzes,Zs a s | the path 1, as shown in Fig. 2(b).
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this work). Fig. 2(b) shows the equivalent transiois line  electrical lengthsty) and (b) impedance ratio (K 52 Z;) of the
model of the proposed resonator, Znd % are the input proposed resonator. (whetg= 44°, Z = 75Q, Z, = 91Q and6, = 19°

impedance looking into either side of the opentgted stubs. are fixed for all cases)
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G 7 Changing thé,from 43° to 53° (2 to 3.2 mm)yfis shifted from
3~ J 30066

(6) 2.93 to 2.64 GHz with maintaining of the,f Similarly,
The ABCD matrix of the stub-loaded resonator caot@ined by changing the K from 0.84 to 1.464(Z 63Q to 110Q), f,is
[ABCD], = [ABCD], % [ABCD],, o % [ABCD|,,., (7y shifted from 2.42 to 3.13 GHz. Fig. 4 shows theatiehs
_ = between the image admittance,[jdnd locations of the higher
where % = 500 ahd 91 = w2 at the center frequency of 6'8transmission zero frequenciegy(fdepending on the electrical
GHz. The transmission zeros occurs whenS0. The $§; lengths @s) and the impedance section @f the proposed

Input

parameters are given by [6] resonator. The location of higher transmission Z&gp can be
S, = ~2YuYo -0 controlled by electrical lengths and impedance section, &f
(Yo + Y0 (Yo +Yo0) = V1Yo (8) the path 2, as shown in Fig. 2(b). Changingéifeom 33° to
[rBCD], =Y, 43° (1.03 to 1.34 mm),fis shifted from 10.81 to 11.35 GHz
Y,= with maintaining of the f. Similarly, changing the impedance

Z (cos)/2+6,)(jZ 42 sird /2+0 ) +(jZ J2 sird [2+6 )?jz 2irD [2+0 )+Z {jZ [25irD [2+0 }(co® 2 +0 ),

9)
where Y, is the characteristic admittance. It is found that= 0
which gives the conditions of the transmission zdif]. By
letting Z = 0, the stub-loaded resonator behaves can
considered as a short circuit. The transmissiooszean be well
determined. In this work, we choo&e= 19° andig + 0; = 63°
(67, =19°) for 2.8 GHz {;) andds = 38° andh;= 70° for 11 GHz
(fzp) and 2 =74Q and 4 = Z, = Z, = 91 Q for achieving
rejection level of transmission zeros better thamiB.

section 2 from 85 to 11@2 (0.28 to 0.1 mm) ,$is shifted from
10.73 to 11.27 GHz. It is noted that thg-Bagnitude peaks
with changing the parameters of path 2 are not gimamooth
g]ight due to discontinuity effects of the micrgstine. Fig. 5(a)
fid (b) show the simulated;S$nagnitude with tuning the length
of 6g and the impedance of #or embedded open-circuited stub.
It is found that the notched band can be controbgdthe
dimensions of the embedded open-circuited stub,reviiee

width of W; dominated the notched bandwidths.

length oflg dominated the notched band frequencies and the
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Similarly, Fig. 5(c) and (d) show the simulateg-Bagnitude
with tuning the length 06y and the impedance ofsZor the be utilized in the
asymmetric tight 1/O lines. It is clearly observétht with communication systems.
increasinglg (correspond to near quarter wavelength at 5.2
GHz) and,, the notch bands are shifted to lower frequencly an
with increasing Wand W, the bandwidth of the dual notch
bands slightly increases.

The superior features indicate that the BPF hastengial to
modern

ultra-wideband wireless
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of Z5 for embedded open-circuited stub and (c) the kenffly and (d) '”S’\T”t'or:‘l')"sz(‘lm) =066 =08 <05 <05 (min)
R : - . 0otC an
the impedance ofgor the asymmetric tight 1/0 lines ST GnST 547/ ey 58/ 52/
Rejection level (dB)/ 25.38/ ~20/ ~15/ 22/
Ill. RESULTS FBW (%) 31 4.2 79 4
Thg size of the fabricated filter is 15 x 8. M ~Center freq, (GHZ) 7 6.05/ Y 8/ 6.8/
approximately 0.34%, x 0.18 Ag, where Ay is the guided Rejection level (dB)/ 23-2/ ~§% / ~61~2/ 12/
0, . . B
wavelength of the center frequency (6.8 GHz). Messvesults LN O,
f the filter are characterized in an HP 8510C oekvanalyzer SadAALARD) L s 2 s
ol YZE8I. —Cicut Size () 206 63.72 680 120
Fig. 6(a) and (b) show the photograph, measurealtseand (o X ho) (0.5x0.4)  (0.53x0.06)  (0.78x0.46)  (0.34x0.18)

group delay of the fabricated UWB filter. The meaaslresults
of the filter have 3-dB fractional bandwidth (FBWf 110%,
average return loss (-20 log,{fp of around 20 dB, average
insertion loss (-20 log }8) of around 0.6 dB and two
transmission zeros located at 2.8 / 11 GHz. Thée do@hed
bands are located on 5.2 and 6.8 GHz. The meaguceg
delay is also shown in Fig. 6(b). The attenuatimpe in the
lower and higher passband edges is 160- and 153+dB/
respectively. Table | summarized the comparison thod
proposed filter with other reported UWB filters [33] and [8].

The mismatch between the simulated and measuredtsres

might be due to the fabrication errors or the \taotaof material
properties.

IV. CONCLUSION

A new UWB filter with high passband selectivity ngi
stub-loaded resonators is presented. The propost#dmode
stub-7 loaded resonator provides two transmissémaszwhich
are designed at 2.8 and 11 GHz to provide the gasdband
selectivity with 160- and 153-dB/GHz slopes. laiso verified
that the asymmetric tight coupled 1/O lines areessary for
introducing the UWB frequency response by using the
image-parameter method and the EM simulation. Both
measured and simulated results are in good agréemen

The proposed BPF is very useful for the modern UWB

wireless communication system.
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