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Abstract—In this paper, a miniature ultrawideband (UWB) bandpass
filter with dual notch bands and wide upper stopband is presented.
The ultrawide passband characteristic is achieved using a microstrip
to slot line transition, and a wide upper stop band is realized using
an elliptical lowpass filter. The dual band notches at 5.46 GHz and
8.04 GHz are obtained by incorporating defected microstrip structure
in the input and output sections. A prototype of the proposed UWB
bandpass filter is fabricated and measured. The equivalent circuit of
the proposed filter is also presented. A good agreement between the
measured, EM simulated and circuit simulated responses is obtained.

1. INTRODUCTION

Since Federal Communication Commission (FCC) announced an
unlicensed UWB band (3.1 GHz-10.6 GHz), research to develop UWB
systems for the application in medical imaging systems, pulse
communication, surveillance systems and ground penetration radar
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has initiated tremendous interest among microwave researchers. One
of the indispensable components in the UWB system is a band pass
filter [2,3]. A wide variety of UWB band pass filters with various
design topologies are reported in [4-14]. A novel fork shaped resonator
is presented to realize UWB bandpass filter [4]. In [5,6] UWB BPF
is proposed using multiple mode resonator (MMR). However, MMR-
based technique has the main disadvantage of narrow upper stopband
performance due to higher order harmonics which arise just after the
first pass band. A compact UWB BPF with quarter wave length
short circuited stub is reported in [7]. In [8], a novel MMR structure
is presented to achieve UWB response. Using stub loaded MMR
structure a UWB BPF with wide upper stopband is realized in [9].
The designs presented above basically cover the entire UWB range
but do not prevent the interference with existing WLAN signals and
8.0 GHz satellite communication system signals. In order to avoid the
undesired WLAN signal UWB BPF with notch band using different
structures is reported in [10-13]. Embedding open circuited stub,
a single notch is implemented in [10] where UWB filter is designed
using conventional MMR. Meander shaped defected ground structure
is etched in MMR for notch insertion which is reported in [12]. Apart
from this UWB BPF with dual notch bands is presented in [14-16].
In [15], two different quarter wavelength shorted lines are realized for
dual notch insertion, and surface coupled structure is proposed for
UWB BPF design. In [16], the dual notches are implemented using
open stub, and the UWB BPF is realized using modified distributed
highpass filter and slots on the ground plane in the shape of stepped
impedance resonator (SIR).

In this paper, a novel UWB bandpass filter is proposed using a
microstrip to slotline transition combined with an elliptical lowpass
filter. The dual notches in UWB passband are implemented using two
embedded open circuited stubs as defected microstrip structure. The
proposed UWB filter is realized using Taconic substrate of dielectric
constant 2.2 and height 0.787mm. Rest of the paper contains the
filter design procedure in Section 2 followed by results and discussion
in Section 3.

2. FILTER DESIGN

Layout of the proposed UWB band pass filter is shown in Fig. 1. A
microstrip to slotline transition is designed with a range of 3.1-14 GHz.
To stop the propagation of higher order modes and achieve upper cut-
off frequency of 10.6 GHz, an elliptical lowpass filter is implemented
with cutoff frequency 10.6 GHz. Furthermore, two notch bands are
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Figure 1. Layout of proposed UWB band pass filter with [,,5 = 5,
ls5 = 6.6, lg = 4.7, lso = 3.4, lg = 2.2, lg = 1.8, l1p = 0.8, w,, = 2.2,
ws = 0.1, wyme = 4.4, wee = 3.2, wg = 0.2, wg = 1.2, w1g =04, s =0.2
(all dimensions are in mm.).

inserted using two open stubs to perturb WLAN and satellite signal
interference. For the purpose of electromagnetic (EM) simulation
CST Microwave Studio™ is used, and for equivalent circuit analysis
ANSOFT Designer™ is employed. Detailed design process of each
individual section of the filter is described as follows.

2.1. Design of Microstrip to Slotline Transition Section

The basic transition structure is shown in Fig. 2(a). The transition is
designed at the centre frequency 8.5 GHz to make the structure more
compact. For the design of transition, the microstrip line must be
short circuited and the slot line open circuited at the junction of the
transition. The microstrip short circuit is realized virtually by quarter
wavelength long open circuited stub [,, = 6.2 mm. The stub is designed
at the centre frequency of the transition pass band which is 8.5 GHz.
The slotline is terminated with straight stub lg = 6.2mm which is
around quarter wavelength long at 8.5 GHz to make it open circuit.
Characteristic impedance of microstrip line and slotline are 50{2. To
avoid complexity in fabrication, the minimum width of slotline is taken
as 0.1mm which is equivalent to slotline impedance of 912. The
slotline length [ is 12.8 mm which is nearly equal to the half wavelength
long at 8.5 GHz. The structure is simulated in CST microwave studio,
and frequency response is shown in Fig. 2(b). It can be seen that the
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Figure 2. (a) Basic microstrip to slotline transition structure. (b) S-
parameter of the transition.

lower cutoff is obtained at 5.35 GHz, and the flatness in the pass band
is very poor. So the structure is not suitable for UWB band pass filter
design.

To improve the pass band flatness, the width w,,2 of microstrip
line section l,,2 and width wss of slot section [z are parametrically
studied. Keeping the slot line width fixed at 0.1 mm, which is similar to
the original transition design, the width of the microstrip line section
Wmeo 18 varied. Similarly, the slotline width wsy is varied for fixed
microstrip line width of 2.2 mm which is that for a 50 input/output
(I/O) line. The extracted S-parameter is shown in Fig. 3. It is seen
that the lower passband edge flatness improves with increasing wy,2.
However, the upper band edge is sharp. Parametric variation of the slot
line section reveals that the lower band edge sharpness improves with
increasing wgs. So the selectivity of upper band edge is contributed
by both the microstrip line and slot line width. The lower band edge
selectivity improves due to a larger slot line width. Eventually, to
obtain the flatness and selectivity, both w,,2 and wge are finely tuned
to 4.4mm and 3.2 mm, respectively. However, for further increase in
stub width, substantial increase in bandwidth is not noticeable.

To analyse the structure further, the equivalent transmission
line model is developed and illustrated in Fig. 4. The microstrip
line is modelled with three transmission lines, 60,,, 0,,1 having same
impedance of Z,, and 6,,2 with line impedance Z,,5. The values
of electrical length are 6,, = 90°, 0,1 = 19°, 0,5 = 70°, and the
impedances Z,, and Z,,s are 50 {2 and 30 €2, respectively. The slotline is
also modelled using equivalent transmission line with electrical length
fs = 180°, 051 = 34° and A5 = 51°. Slotline impedances are Z; = 91 )
and Zg = 350 2. The magnitude of coupling between the microstrip to
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Figure 3. (a) Transition structure with increased w2 and wsa.
(b) Insertion loss by varying wpa for fixed wsa. (c) Insertion loss for
different wyo with fixed wy,s.
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Figure 4. Equivalent transmission line model of the proposed
wideband microstrip to slotline transition.

slotline is described by n = 1, which is the turns ratio of transformer [1].

2.2. Design of Elliptical Lowpass Filter Section

It can be seen from Fig. 5 that to realize wide upper stopband
characteristic, higher order harmonic suppression is required, which
arises after 17 GHz. To implement a wide upper stopband response
and also to accomplish upper cutoff frequency 10.6 GHz, an elliptical
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Figure 5. (a) Equivalent circuit of elliptical lowpass filter. (b) Layout
of the filter with [{ = 1.1, = 2.9, I3 = 1, w1 = 0.5, wo = 2.6, w3 = 0.8,
wy = 3.5, ws = 0.6 (all dimensions are in mm.) (c) Comparison in
frequency response between EM simulation and circuit simulation of
elliptical lowpass filter.

lowpass filter is designed with cutoff frequency 10.6 GHz. The
equivalent circuit diagram of the elliptical lowpass filter is shown in
Fig. 5(a). Elliptical lowpass filter has the characteristics to insert two
transmission zeroes at finite frequencies. The two transmission zeroes
are inserted at the frequencies

1 1

f o vIiCh 12.56 GHz and fo o TaCs 16.12 GHz.

The calculated parameters to obtain a cutoff at 10.6 GHz are
L1 = 0.545nH, Lo, = 0.258nH, L3 = 0.788nH, Ly = 0.593nH,
Ls =0.74nH, Cy = 0.378 pF, Cy = 0.271 pF, Cs = 0.3 pF. The layout
of the elliptical lowpass filter is shown in Fig. 5(b). The structure
is bended in such a way that it can be accommodated in small area.
The comparison of S-parameter between EM simulated and circuit
simulated response is shown in Fig. 5(c). An excellent attenuation
characteristic is achieved beyond 10.6 GHz.

Finally, the transition structure and elliptical lowpass filter are
combined to get UWB pass band response with wide stop band.
The proposed structure is analyzed in CST Microwave Studio™™, and
the extracted S-parameter is plotted in Fig. 6 along with equivalent
circuit response. It can be seen that a good UWB pass band
response is obtained with upper stopband extended up to 25GHz,
and the equivalent circuit model simulation matches well with the EM
simulated response.
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Figure 6. S-parameter of the proposed UWB band pass filter. Also
shown along side is the equivalent circuit model of UWB BPF without
notch.

2.3. Design of Notch Section

To generate notch bands in the UWB pass band, two embedded open
circuited stubs of lengths 11.2 mm and 7.2 mm are realized in input and
output microstrip line as defected microstrip structure. The stubs are
Ag/4 long at the frequencies 5.5 and 8.0 GHz to stop the interference
with unwanted WLAN and satellite signals, respectively. Further the
stubs are bent to reduce the circuit space requirement. The notch
bands can be changed by varying the stub length. Fig. 7 illustrates
that the shift of notch frequencies can be easily controlled by varying
the lengths [ and Iss.
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Figure 7. Notch band variations for different length of l5; and lg9.
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3. RESULTS AND DISCUSSION

The proposed filter is fabricated on a Taconic substrate with dielectric
constant 2.2 and height 0.787mm. A photograph of the fabricated
prototype is shown in Fig. 8. The overall size of the filter is 19x 16 mm?.
Measurement of prototype is done using ZVA 40 VNA from Rhode and
Schwarz. The frequency responses obtained from circuit simulation,
fullwave EM simulation and measurement of the UWB BPF are shown
in Fig. 9(a). A good agreement is observed among them. The proposed
BPF has a wide passband from 2.75 GHz to 10.58 GHz with insertion
loss less than 1.5dB. The measured Si; parameter throughout the
band is better than 12 dB. The attenuation is greater than 20 dB at the
center of each notch band pertaining to 5.46 GHz and 8.04 GHz. The

Figure 8. Fabricated prototype of the proposed UWB bandpass filter.
I/O connections are realized using SMA 3.5 mm connectors.
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Figure 9. (a) Comparison of circuit simulation, EM simulation and
measured S-parameter of the proposed UWB BPF. (b) Group delay
of the proposed UWB BPF.
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fractional bandwidths (FBW) of the notch bands are about 0.45% at
5.46 GHZ and 0.35% at 8.04 GHz, respectively. The proposed filter also
shows a wide upper stop band extending up to 25 GHz with attenuation
of around 18 dB. Group delay of the fabricated filter is approximately
0.3 ns with a variation of 0.08 ns throughout the passband as shown in
Fig. 9(b).

4. CONCLUSION

In this paper, a miniature UWB band pass filter is presented by
incorporating microstrip to slotline transition combined with an
elliptical lowpass filter. The dual notch band property is achieved
by introducing two embedded open circuited stubs at 5.46 GHz and
8.04 GHz. The prototype of the proposed UWB BPF is fabricated
and measured, which agrees well with simulated response. Due to
its compact size (19 x 16 mm?) and satisfactory in and out of band
performance, the filter can be useful for modern UWB communication
technology.
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