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Abstract — A compact planar microstrip bandpass
filter with 3.1 GHz — 10.6 GHz bandwidth, below
1 dB in-band insertion loss, 0.2 ns — 0.6 ns group
delay and out-of-band rejection level better than -
10 dB is presented for ultra-wideband (UWB)
applications. The desired UWB is realized by
etching a defected ground structure (DGS) in the
ground plane and loading a folded stepped-
impedance stub by one of the coupling microstrip
lines. This can offer two transmission zeros at
lower and upper edges of the passband, which
improve the passband selectivity and out-of-band
rejection significantly. An equivalent lumped
circuit model is introduced; the result of the circuit
model fits the EM model well. The simulated and
measured results are in good agreement

Index Terms - Bandpass filter, coupled microstrip
lines, defected ground structure (DGS), and folded
stepped-impedance stub.

I. INTRODUCTION

The ultra-wideband bandpass filter with
compact size, low insertion loss, and good out-of-
band rejection is always an interesting research
field since the standard of ultra-wideband (UWB)
communications was published by the Federal
Communications Committee (FCC) in 2002 [1].
The multiple-mode resonator (MMR) [2, 3] and
the defected ground structure [4-7] were adopted
to implement the ultra-wideband bandpass filter.
The bandwidth of the proposed filters covers the
whole UWB but the insertion loss and the
rejection band need further improvement. A
wideband bandpass filter with simple structure and
good performance based on the hybrid microstrip
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and coplanar waveguide (CPW) was suggested in
[8], but the out-of-band rejection level at the upper
frequency edge was poor.

I1. UWB BANDPASS FILTER DESIGN
The structure and dimensions of the proposed
UWB bandpass filter is shown in Fig. 1 (a) and
(b). A folded stepped-impedance stub is loaded by
one of the coupled microstrip lines and a DGS
structure with two slots etched in the ground plane
below the coupled transmission lines. The
dimensions of Fig. 1 (b) are enlarged in order to
show the structure clearly. A Rogers duroid 5880
substrate is used with thickness of 0.508 mm and
relative permittivity 2.2. The folded stepped-
impedance stub offers a transmission zero at the
lower frequency edge and the DGS structure with
two slots generates the other transmission zero at
the upper frequency edge of the bandpass filter.

(a) Top view.
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(b) Bottom view.

Fig. 1. Structure and dimensions of the proposed
UWB bandpass filter for (a) coupled microstrip
lines with folded stepped-impedance stub and (b)
DGS with two slots.

The center frequency and the bandwidth of the
proposed filter are mainly decided through the
length of I; and the width of w,. Figure 2 presents
the simulation results of the S-parameters
generated using HFSS™. Figure 2 (a) shows that
the bandwidth is widened significantly when the
length of I; is increased while the width of w; is
fixed. Similarly, Fig. 2 (b) suggests that the
bandwidth is also widened slightly when the width
of w; decreased while the length of I, is fixed. The
bandwidth covers 3.1 GHz — 10.6 GHz while the
length of |, is about a half wavelength (13.5 mm)
corresponding to the center frequency and the
width of w;, which is about 3 mm.

The frequency of the transmission zero at the
lower edge is mainly decided by the length of I,
and |; while the ratio of w, and ws is fixed as 1 : 4
(similar to the analysis of [9]). Figure 3 offers the
curves of the S,; parameter simulated by HFSS™.
The out-of-band rejection level at 3.1 GHz is
below -10 dB when |, =7 mm and |;= 6 mm. The
frequency of the transmission zero at the upper
edge is mainly decided by the length of I, when
the values of w, is smaller than 0.5 mm. Figure 4
presents the curve of S;; parameter simulated
using HFSS™. The out-of-band rejection level at
10.6 GHz is below -10 dB when I, = 5.1 mm and
W= 0.3 mm.
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Fig. 2. (a) The simulated S-parameter curves for
different I, values and (b) the simulated S-
parameter curves for different w; values.
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defected ground structure, an equivalent lumped
circuit model is introduced. Figure 6 shows the
schematic diagram of the equivalent circuit. The
1* part of the circuit represents the folded stepped
impedance stub, which introduces the first
transmission zero at low frequency. The 2" part
represents the bandpass characteristics of the
coupled microstrip lines. Finally, the 3™ part
represents the role of the defected ground structure,
which introduces the second transmission zero at
high frequency. The capacitors and inductors in
——T— T the 3" part represent the resonant characteristic of

IS,,| [dB]

ﬁequmfy[GHZ] ’ 0 ? the DGS. The resistors R1 and R2 represent the
(b) radiation losses when the operating frequency is
high.
Fig. 3. (a) The simulated S,; for different |, values S

and (b) the simulated S,, for different I3 values. E
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Fig. 4. The Simulated S,, for different |, values.

In Fig. 5, the surface current distribution of the
proposed filter is depicted. In this figure, the
current distributions at three different frequencies
are presented. The first lower transmission zero is
at 2.7 GHz, the upper transmission zero is at 11.3
GHz and the mid-frequency in the passband is at 7
GHz. In Fig. 5 (a), the current is mainly located at
the folded stepped-impedance stub. In Fig. 5 (b),
the current is mainly located at the DGS. In Fig. 5
(c), the current is uniformly distributed along the
filter. This implies that the lower transmission zero
is mainly due to the folded stepped-impedance
stub, while the DGS introduces the upper
transmission zero.

In order to further explain the roles of the
proposed folded stepped-impedance stub and the (b)
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Fig. 5. The current distribution of the top plane
and the ground plane at (a) 2.7 GHz, (b) 11.3 GHz,
and (c) 7 GHz.

___________________________________

Fig. 6. The equivalent lumped circuit model.

The parameters of the equivalent lumped
circuit are as follows: C1 = 1.45 pF, L1 =24
nH, L2 = 0.82 nH, C2 = 0.68 pF, L3 = 1.878
nH, C3 = 0.538 pF, L4 = 0.251 nH, C4 =
0.123 pF, L5 =1.63 nH, R1 = 0.66 Ohm, L6 =
0.64 nH, C5=0.197 pF, L7=0.714 nH, R2 =
2.36 Ohm.

Figure 7 shows the S parameters simulated
using the equivalent circuit model and the EM
model simulator. One can notice that both
results are in good agreement.
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Fig. 7. The simulated (a) S;; and (b) Sy
parameters of the circuit model versus EM model.

III. RESULT AND DISCUSSION

The photograph of the top and bottom view of
the proposed UWB bandpass filter is shown in Fig.
8. The total size is about 50 mm x 30 mm
including two SMA connectors. The optimized
parameters of the filter are w; = 3.1, w, = 0.5, w; =
2, wy =0.3, I, = 13.5, I, = 7, |3 =6, I, = 5.1, d=
1.5, and s = 0.5 (all in millimeters). The simulated
and measured results of the Sy, S,;, and the group
delay are shown in Fig. 9. The experimental
results were measured by an Agilent E8363B
vector network analyzer. Figure 9 suggests that the
working bandwidth of the proposed filter covers
the whole UWB bandwidth from 3.1 GHz to 10.6
GHz, with an insertion loss less than 1.5 dB
through the whole passband and the in-band group
delay is about 0.2 ns — 0.6 ns. The simulated and
measured results are in good agreement. The
deviation might be introduced by the loss tangent
of the substrate material and the parasitic effects of
the SMA connectors.



Fig. 8. Photograph of the proposed UWB bandpass
filter.

S-parameter [dB]
group delay [ns]

frequency [GHz]

Fig. 9. The simulated and measured S-parameters
and the group delay of the proposed filter.

IV. CONCLUSION

In this paper, a structure of a folded stepped-
impedance stub with a defected ground structure
of two slots is proposed. The proposed
configuration introduces two transmission zeros at
both, lower and upper edges of the passband. This
is in order to improve the out band rejection, and
thus the coupled microstrip lines combined with
the DGS can cover the whole UWB passband. In
order to explain the role of the folded stepped
impedance stub and the DGS, an equivalent
lumped circuit model is introduced and analyzed.
The results of the simulated circuit model, the EM
model simulator, and the measurements are in
good agreement.
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