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Abstract— This paper presents a simplified method to
synthesize a new and compact UWB bandpass filter with good
selectivity, wide bandwidth and two notched frequencies at
5.2GHz and 7.8GHz. UWB bandpass is created by cascading
highpass and lowpass filters. The proposed work uses network
synthesis techniques to design highpass and lowpass filters with
Chebyshev transfer function using insertion loss method. The
optimized low pass and high pass circuits are implemented with
the help of hairpin line and interdigital structure (IDS),
respectively. The open ended stub and spurline are loaded on
the outermost fingers of IDS to create notches at 5.2GHz and
7.8GHZ frequencies, respectively. The size of the filter is highly
miniaturized and compact in shape when compared with the
other existing structures. The insertion loss in the pass band of
the filter is smaller than 0.4dB and stop band is wide. Filter is
fabricated on FR4 with dielectric constant 4.4 and thickness of
1.6mm.

Index Terms— Bandpass Filter;
Spurline; Stubline; UWB.

Hairpin; Interdigital;

I. INTRODUCTION

The research interest in the design of Ultra Wide band filters
increases since 2002 after the approval of unlicensed use of
frequency range 3.1-10.6GHz for the commercial purposes
[1]. Because of this the requirement of band pass filter with
ultra wide band was noticeably increased. The designing
method of such wide band filter has not been accurately
defined in the literature. Although the design theory of
microwave design has been well developed but anyhow most
of the techniques are only useful for narrow or moderate
bandwidth, not suitable for wideband. The parallel-coupled
transmission-line resonator filters in [2], shows accuracy only
on center frequency. Furthermore some better synthesis
methods based on parallel coupled lines were proposed, but
there was limitation on bandwidth enhancement due to its
dependency on separation between coupled lines [3], [4].
Some more synthesis methods based on MMR structures and
coupled lines were proposed to improve insertion loss in pass
band and selectivity from pass band to stop band [5-6]. But
these methods do not give direct solution and are only
effective for lower frequency ranges. The highpass and
lowpass filter are cascaded to design UWB filter by some
researchers but size of filter was increased and due to
mismatching between structures ripples were also seen in the
pass band [7].

Earlier many filters proposed by researchers for the UWB
frequency range were based on structures such as cascaded
band pass filters, ring resonator, multimode resonators etc. [8-
10]. Most of these structures were based on the quarter-
wavelength and couplings between resonators, which limits
the miniaturization of structure.  This limitation in

miniaturization was resolved up to some limit by using
concept of zero order resonance (ZOR) in composite right-
and left-handed-transmission line (CRLH-TL). The size of a
CRLH-TL is much smaller than the quarter-wavelength due
to its property of ZOR and so is used for miniaturization of
the structures [11-13]. However, they suffer from the use of
via in the structure that makes the fabrication complex and
costly.

For last one decade due to vast development in
communication systems the use of many frequencies such as
WiMax, WLAN etc. is increased in the UWB range. To
avoid the interference of these frequencies with UWB fil4ers,
many structures have been tried by the researchers [15-18].
But, most of these filters uses extra structures such as via or
defected ground structures that make the filter costly and of
bigger size.

In view of the above discussions, followings are the major
challenges in the design of UWB BPF (a) Lack of easy and
direct design methods of UWB BPF (b) Size reduction of
filter without using via or defected ground structure and (c)
Technigque to create notch in the pass band for current
requirement of UWB BPF without using via or defected
ground structure. In this paper a simple design method of
UWB band pass filter is used in such a way that via or
defected structure is not required, and size is reduced to a

maximum value with less ripples in the passband.
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Figure 1(a): Geometry and dimensions of proposed filter
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Figure 1(b): Fabricated structure of proposed filter
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Il. DESIGN AND ANALYSIS

The geometry of proposed filter is shown in Figure 1(a). It
consists of stepped impedance hairpin resonator (SIHR)
cascaded with IDS to create bandpass in UWB frequency
range. SIHR responses as a low pass and IDS as a high pass
filter. An open stub is loaded on uppermost finger and a
spurline on lowermost finger of IDS to create notches at
5.2GHz and 7.8GHz respectively.

A. Design of Lowpass Filter

The geometry of SIHR is shown in Figure 2(a). It is a
stepped impedance resonator folded like a hairpin. The SIHR
can be represented as a combination of single transmission
line of length Ir and a symmetric coupled line with a length I,
as shown in Figure 2(a), [19]. The width of folded
transmission line and coupled lines are wi and wc
respectively. The gap between coupled lines is s. The
characteristics impedance of the single transmission line of
the length It is Zsand the even and odd mode characteristics
impedances of symmetric coupled lines of length Ic are Zoe
and Zoo.

The single transmission line is represented by a LC n-
network including inductor Ls representing inducting effect
of transmission line and capacitor Cyr representing capacitive
effect of dielectric material on which line is designed.
Moreover, as shown in Figure 2(a) the parallel coupled lines
are modeled as a capacitive n-network.
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Figure 2 (a): Geometry and equival_ent circuit of SIHR

The ABCD matrix of transmission line and its L-C
equivalent circuit can be expressed as [20]

[A B] =[ cos(Bely)  jZ¢sin(Bely) ()
C Dlpine LYesin(Belp)  cos(Belp)

[A B] _[ 1+ZaYe s ] )
C Dlgquivatent 1Yrc(Z +ZeYec) 1+ ZgYec

Where S is the phase constant of the transmission line of
length I and Yy is characteristics admittance of the folded
transmission line. The Zs and Yic are impedance and
admittance of inductor Ls and capacitor Cyr at frequency o,
respectively.

The ABCD parameter of symmetric parallel coupled line
and its equivalent circuit can be written as [21]

ZoetZoo —j2ZoeZoo cot(Bclc)
[A B] - Zoe~Zoo Zoe=Zo0
C Dlpc j2 ZoetZoo (3)
(Zoe—Zo0) cot(Bclc) Zoe—Zoo
[A B] — [ 1 +ZCLYCC ZCL (4)
¢ D E YCC(2 + ZCLYCC) 1+ ZCLYCC

Where, Z,. and Y.c are impedance and admittance of
capacitor C. and capacitor Cyc at frequency o, respectively.
Zoe and Z, are even and odd mode characteristics impedances
of the parallel coupled lines.

From equation (1) the values of equivalent inductance and
capacitance can be related to dimensions of the folded
transmission line as

Ly = 00 ) (5)
__ 1—cos(Blp)
Pf ™ WZesin(Belp (F) (6)

From equation (2) the equivalent capacitances of parallel
coupled line are related to dimensions are

ZOE_ZOO

© = ZuloetascotBag ) 2N ()
1
Cpe = ————— (®)
©Zqe cOU(BCl)

The length of folded transmission line and coupled lines
can be expressed as

. _qwL
sin 1Z—ff )
Br '

Length of folded transmission line, I =

Length of coupled transmission line,
1. = tan"wcZoe(Cre—Cp)l
¢ Bc

The low pass prototype components of Chebyshev method
in insertion loss method are used to design low pass filter of
order three for 12GHz center frequency [21]. By using
equations (1) to (10) the dimensions of SIHR are
approximately synthesized as a low pass filter with 12GHz
cutoff frequency. The low pass prototype Chebyshev values,
L-C values of Chebyshev lowpass filter for 12GHz and
approximated L-C values of SIHR are tabularized in Table 1.

(10)

Table 1
L-C values and respective dimensions of SIHR LPF

Lowpass Lowpass L-C values Dimensions Characterist
prototype filter (LC of SIHR of SIHR ics
values (for n-network) lowpass Impedances
Chebyshev  for 12GHz filter for of SIHR
order three) 12GHz (for
Figure 2)
0:=15963  C;=0.423pF C=0.31pF |=0.82mm  Z=150Q
0,=1.0967 L,=0.73nH C.=0.03pF w=0.22mm  Z,=104.9Q
05=1.5963 C3=0.423pF  L=0.71nH 1:=0.9mm Z,=187.1Q
Cw=0.31pF  w=0.4mm Z,,=58.93Q
s=0.2mm

The Chebyshev lowpass prototype lumped components
values are here only used to find the approximate dimensions
of the SIHR as a lowpass filter for 12GHz cutoff frequency.
The frequency response of the LPF filter using L-C lumped
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components and SIHR are analyzed on ADS and found
approximate lowpass behavior of both, shown in Figure 2(b).

From Figure 2(b) it can be seen that the performance of
LPF designed by using SIHR is not good because only one
cell of SIHR is used. The performance of lowpass filter is
improved by using a tri-section stepped impedance resonator
(SIR) loaded on finger of IDS, as shown in section 3. The
lowpass section is used to achieve wide stopband for
frequencies greater than 12GHz.
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Figure 2(b): Frequency response of SIHR

B. Design of High-Pass Filter Circuit

The geometry of planar IDS is shown in Figure 3(a). It
consists of parallel coupled lines called fingers. The length of
fingers creates inductive effect, L, and gaps between the
fingers create capacitive effect, C, as shown in equivalent
circuit of IDS in Figure 3(a) [20].

The inductance and capacitances in equivalent circuit of
IDS can be expressed as [20]

Zo+/tre 1./ere

L=Zofm g, =, =2, (1)
e+l F

C = (57 LN = 3)A; + A1 (2 (12)

Where A; = 4.409 tanh[ 0.55(=)%*%] x 10~ &)
= E 0.5 -6 p_F
A, =992 tanh[0.52(w) 1% 10 (um)

The L is inductance due to finger of IDS and capacitances
Cp1 and Cpoare due to dielectric material on which IDS is
designed. The capacitor C represents capacitive effect of gap
between fingers of IDS. The length of the finger is Iy, Z, is the
characteristics impedance of IDS, c is speed of light and &,
is the effective dielectric constant. The thickness of dielectric
material and width of finger is shown by h and w respectively.
W'is the total width of IDS, I; is length of fingers and N is
number of fingers.

By using insertion loss method with Chebyshev function,
the L-C components of highpass filter for 2GHz cutoff
frequency are calculated [21]. The L-C components are then
used to synthesize HPF using IDS. The values of L-C
components and their respective dimensions of IDS for HPF
are listed in Table 2.

Table 2
L-C components and dimensions of IDS for HPF

Highpass filter(LC n-network) for

2GHz cut-off frequency DITEEETE @/ [

1=2.9mm, w=0.39mm,

Ic_:lig';%?p': g=0.12mm, g¢=0.2mm,
2=0.721nH Number of fingers=5
L,=0.423pF gers=>.

W=0.3mm

The Chebyshev prototype values are used to design highpass
filter using lumped components. The values of lumped
components are used to find the approximate dimensions of
IDS as a highpass filter with 2GHz cutoff frequency. The IDS
layout and HPF circuit are designed and simulated. The
frequency response of the IDS and respective HPF with L-C
components both shows high pass behavior, as shown in
Figure 3(b).

Finger Line

HPF Using Lumped Element

= == — — HPF Using IDS

Freq.(GHz)

Figure 3(b): Frequency response of IDS

C. Creation of Notch Bands

In the pass band of proposed filter two notched bands at
5.2GHz and 7.8GHz are created. The notch band at 5.2GHz
and 7.8GHz is achieved by loading open stub at the top most
finger and spurline at the bottom most finger of IDS
respectively, as shown in Figure 4(a).

1) Creation of notch at 5.2GHz

A band stop filter can be designed by loading quarter
wavelength stub on the main line. Stub is a transmission line
connected in shunt of main line. The geometry of stub is
shown in Figure 4(b). The width and length of stub is ws and
Isrespectively. If stub is open and of quarter wavelength long
at a particular frequency it creates notch at that frequency.
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The bandwidth, B, of notch is related to characteristic
impedances of the mainline and stub as

B =2tan™?! ? (13)

2

where Z; and Z; are characteristics impedance of main line
and loaded stub respectively [22].

To create sharp notch at any frequency bandwidth (B)
should be as small as possible and it can be possible by small
ratio of Z1/Z,. In the proposed filter a stub is loaded on the
outer finger of IDS. To create sharp notch at any frequency
the ratio of characteristics impedances of outer finger of IDS
and stub at that frequency should be as small as possible. For
constant finger width of IDS, the bandwidth of notch will be
inversely proportional to stub width, Ws. To create sharp
notch, Ws should be as small as possible and it can be
minimum 0.1mm due to limitation of PCB printing technique.
The response of stub loaded IDS is studied on simulation tool
and found that stub creates a sharp notch at 5.2GHz frequency
for quarter wavelength stub length. The entre frequency of
notch can be varied by varying stub length, Ls. The frequency
characteristics of stub with different Ls are simulated and
found center frequency is inversely proportional to Ls, as

shown in Figure 4(c).
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Figure 4(b): Geometry of stub line an
its equivalent model

Figure 4(a): IDS loaded with
open stub and spurline

-6

Stub
Length Ls
Width Ws:.

dB(S(2.1))

dB(S(2,1))
— L5=6.000000
------ Ls=7.000000
= Ls=8.000000
=== |5=0.000000

T
1.0 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 9.5 10
Freq. (GH2)

Figure 4(c): Frequency characteristics of stub loaded IDS with different L

INPUT
PORT

INPUT
PORT

ouTPUT
PORT

OPEN
ENDED
sTUB

Figure 4(d) Geometry of spurline and its equivalent model
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Figure 4(e): Frequency characteristics of DMS loaded IDS for different
values of L,

2) Creation of notch at 7.8GHz
A notch band can be created by spurline on the mainline of

the signal. Spurline is a type of defected microstrip structure
which creates open stub line on the mainline of the filter. The
length and width of spurline is W, and L, respectively. The
spurline structure can be modeled as an open stub loaded
mainline as shown in Figure 4(d) [23].The spurline creates
notch according to the length of the slot and it is related as
quarter wavelength for a particular frequency. In the proposed
filter a spurline is created on the lower finger of the IDS and
its behavior is studied on the simulation tool. The center
frequency of notch is inversely propositional to length L, of
spurline. The characteristic of filter with respect to length of
spurline is studied as shown in Figure 4(e).

I1l. OPTIMIZATION AND RESULTS

The geometry of proposed filter consists of an IDS
cascaded with hairpin resonator and trisection SIR. The tri-
section SIR behaves as a lowpass filter [24], so it is loaded on
finger of IDs to widen the stop band. Open stub and spurline
are loaded on the finger of IDS to create notch in the pass
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band of the filter. The proposed filter is designed and
simulated on the HFSS. The frequency response of the filter
is shown in the Figure 5(b). In the response of the filter
insertion loss is around 1.5dB and some ripples are also
present in the pass band of the filter. To improve frequency
response of the filter structure is optimized on HFSS using
gradiant method and parametric analysis with respect to
matching conditions between different cascaded structures.
The output port of the filter is become wider and stubs are
loaded at input and output ports in the geometry of the filter
after optimization. The shape and dimensions of the proposed
filter after the optimization is shown in Figure 1(a).
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AND
PARAMETRIC
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—
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Figure 5(b): Effect of optimization and tri-section SIR on frequency response
of filter

The dimensions of the optimized proposed filter shown in
Figure 1(a) are [1:=0.9mm,  w=0.4mm,l=0.8mm,
$=0.2mm,ws=0.2mm,;=2.9mm,w=0.39mm,g=0.12mm,g.=0
.2mm,we=0.3mm,s,=0.6mm,L,=6.4mm,W,=0.1mm,g:=0.2m
m,1;=0.5mm, [,=2.1mm,w:=0.2mm,w,=0.3mm,g,=0.1mm,L
=7.8mm,W;s=0.1mm,G=0.5mm,Gs=0.9mm,lx=1.5mm,l,=0.8
mm,l;=1.4mm, wy=0.3mm, [,=1.9mm,wp=2.6mm. The
proposed filter is implemented on FR4 with dielectric
constant of 4.4 and with height 1.6mm. The photograph of
fabricated filter is shown in Figure 1(b) which occupies
6.4mmx4.6mm. The filter is tested on the vector network
analyzer.

The simulated and measured results of proposed UWB BPF
are shown in Figure 6. The measured results are in good

agreement with simulated results except the passband
between two notches. Some small differences between
measured and simulated results may be due to less accuracy
in fabrication. The simulated 3-dB lower and upper cutoff
frequencies of proposed filter are 1.99GHz and 11.5GHz
respectively. The 3-dB cutoff frequencies of proposed filter
in measured result is seen very closed to simulated response
as 2.1GHz at lower edge and 11.4GHz at higher edge. The
insertion loss in passband is seen more than 0.4dB in
simulated and more than 1.3dB in measured response of the
proposed filter. The group delay of the proposed filter is less
than 0.4ns except at notches.  The simulated and measured
response of the proposed filter shows wide stop band from
11.5GHz to more than 30GHz (stopband between 11GHz to
20GHz is only shown in Figure 6).

N

-3 g dB(s(2,1))

12

-15
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6
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Figure 6: Simulated and measured S-parameters of the proposed UWB BPF

The response of proposed filter is also compared with some
previously reported filters and found much smaller size with
better performance such as good insertion loss, selectivity and
wide stop band as reported in the Table 3.

Table 3
Comparison of proposed filter with some previously reported UWB BPF
with notch.
FBW-Fractional Band width, Aq - Guided wavelength at 6.85 GHz
Ref. &l Inse Notch % 3- Use Size: in
h(mm)  rtion freque dB of term of
loss(  ncy FBW Vial  (hgxhg)
dB) (GHz) at DGS
notch
[14] 2.2/0.78 <0.5 5.22 3.0 Yes 0.61x0.5
[15] 3.38/05 <05 59/80 3.6/3.6/ Yes 0.92 x 0.45

08 41
[16] 22/0.78 <05 Yes  0.49x031

53/78 4.0/32 Yes

[17] 2.65/1.0 <2 1.02 x0.54

[18] 2.2/0.78 <1 5.9/8.0/ 2.1/1.8/ Yes 0.64 x0.17
9.0 2.8

This 4.4/1.6 <04 52/78 37135 No 0.27 x 0.19

work

IV. CONCLUSION

A highly miniaturized UWB bandpass filter with dual notch
band is proposed. The design method is very simple without
any tedious calculation. The insertion loss of the filter is less
than 0.4 dB in the pass band and greater than 15dB in stop
band. The group delay of the proposed filter is less than 0.4ns
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except at two notch frequencies. The stop band of the filter is
very wide with sharp selectivity. The ripples in the output due
to mismatching are removed by using optimization in HFSS.
The filter is highly miniaturized without using via or DGS in
the geometry of the proposed design. The response of the
filter is compared with reported results available in the
literature. The proposed design was smaller in size with better
performance. The measured results of proposed design were
found in good agreement with simulated results.
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