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Abstract- This paper presents a dual-band bandpass
filter by introducing transmission zeroes in the passband
of a broadband bandpass filter using square-loop dual-
mode resonators. The transmission zeroes are achieved
by using a dual-mode resonator. The dual-mode
resonator is attached to two transmission lines of the
same length. These lines are coupled to similar
transmission line that are attached to the 1/O ports. The
filter has a compact size, low losses, and good reection
between the two bands.

Index Terms- Bandpass filter, dual-band filter,
dual-mode filter, dual-mode resonator, filter.

I. INTRODUCTION

The increasing scale of modern wireless
communication applications and radar systems
has boosted the demand for microwave filters, in
particular dual-band filters ; as they play an
essential role in transmit-receive systems, e.g.,
[1]-[7]. The dual-band bandpass filters have been
achieved by many different ways such as setting
two different filters in parallel [1], using dual-
band SIR resonators [2], using dual-band stubs
[3], dual- mode resonators [5], using coupled
resonator pairs [6], and combining quasi-lumped
with open-loop bandpass filters (operating at
different frequency bands) [7]. However, there is
need for further work since the communications
development requires low loss filters with
compact size.

Dual-mode resonators are well known as
excellent resonators for filter applications. They
play a major role in reducing the size of the filte

of the two ports by 90and attaching a small
square patch at the inner corner of the square
loop [7]. The position of this patch is important
for achieving either elliptic or quasi-chebyshev
response. Keeping the symmetry of the structure
with respect to the plan&-A’, (see Fig. 1), will
lead to an elliptic response. On the other hand,
breaking this symmetricity, a quasi-chebyshev
response can be achieved [11], [12].

Fig. 1. Layout of the bandpass filter using the
microstrip dual-mode resonator.

This paper demonstrates a dual-band bandpass
filter using the square-loop dual-mode resonator
connected to transmission lines of a length
coupled to the I/O ports by transmission lines of
the same length.. The filter has been designed
and fabricated on an RO4003c substrate, which
has a thickness of 0.813 mm and a relative
dielectric constant of 3.38. The filter has been
optimized using the 2.5D MoM simulator

since each of these resonators provide two return SONNET.

loss poles [7]- [12]. Fig. 1 shows the layout of a

bandpass filter designed using the square-loop
dual-mode resonator, which has been proposed in

[7]. The two modes are achieved by rotating one
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Il. METHOD OF DESIGN

Fig. 2 shows the layout of a broadband bandpass
filter. It basically consists of the above desctibe
square-loop dual-mode resonator attached to two
transmission lines; of the same lendth These
lines are coupled to similar ones that are attached
to the I/O ports. Fig. 3 shows the insertion loks o
the broadband bandpass filter.
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Fig. 4. Layout of a dual-band bandpass filter using
Fig. 2. Layout of the bandpass filter using the dual-mode resonator.

microstrip dual-band structure.
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[ll. DUAL-BAND BANDPASS FILTER AND
CENTER FREQUENCY CONTROL
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Fig. 5 demonstrates this relation the insertios los
of the filter by choosing= Io= 5 mm, 10mm, and
15 mm, while keeping the dimensions of the
perturbation patch at p= 0.5 mm, and the width of
the attached transmission line and the arms of
square-loop resonator at 0.3 mm fixed.
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Fig. 3. Simulated return loss of a dual-band basaslpa
filter with = 1p=10.

Return Loss (dB)

Rotating on of the I/O ports by 9@ansmission
zeros will be generated which are responsible this
dual band behavior. Fig. 4 shows the layout of
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Fig. 5. Simulated return loss of a dual-band basdp
filter with I+=1p=5, 10, 15 mm.

The relation between the length of the

transmission linedt, the length of dual-mode
armslp sharing the same widtv,;=w,, and the
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center frequency of the filter as it is observed
from Fig 5 is given by:

- fo

C
fg=——2 —— =02
Y@+ ey 2

Where fo1, fo2 are the center frequencies of the
first and second bands respectivety, is the
speed of the light in free spacé€ e is the
effective dielectric constant;, I, are the length
of the additional transmission lines, and the
length of the dual-mode resonator arms,
respectively.

@

IV. DUAL-BAND BANDPASS FILTER WITH
BANDWIDTH CONTROL

One of the main advantages of this filter is that
the bandwidths of both bands can be controlled
this is shown in the following.

1. Bandwidth Control by Adjusting the
Length of the Attached Transmission
Lines |1,

A
[}

&
‘h.o‘\

Insertion Loss (dB)
&
=
|
|
-

KR
o
o

T

|

|

R

N

(=]
T

-140
10

Frequency (GHz)

Simulated insertion loss of the dual-band
bandpass filter with different Values.

Fig. 6.

Changing the length of the attached transmission
lines only, (which will lead to changing the
center frequency of both bands), will affect the
bandwidth of both bands. So by choosikg
longer than théy, the bandwidth of the first band
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The opposite applies too, choosing the length of
the attached transmission line smaller than the
length of arms of the dual-mode resonator
decreases the bandwidth of the lower band and
increases that of the higher band. This basically
occurs due the transmission zeroes that remain
fixed. This can be clearly seen in Fig. 6, which
shows the simulated insertion loss of the filtar fo
different transmission lines lengths.

2. Bandwidth Control by Adjusting the
Length of the Arms of the Square-Loop
Resonator Ip.

Changing the length of the dual-mode resonator
arms will influences basically the position of the
transmission zeroes. This in turn affects the
bandwidth of the both bands. Increasing the
length |p, shifts the transmission zeroes to a
lower band, which leads to having a narrower
bandwidth of the lower band and wider
bandwidth of the higher band. Shortening the
arms shifts the transmission zeroes to a higher
frequency band, which increases the bandwidth
of the lower band and decreases that of the higher
band. Fig. 7 shows the corresponding insertion
loss.
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Simulated insertion loss of the dual-band
bandpass filter with differeng ivalues.

Fig. 7.

increases and that of the second band decreases.
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3. Bandwidth Control by Changing the and bandwidths of 0.5 GHz and 0.55 GHz. The
Dimensions of the Small Patch p. insertion loss within the pass bands better than 0.
7dB for the first band, and better than 1.2dB for

Splitting the transmission zeroes can be the second band.
easily done by increasing the dimensions of
the square patch (p) attached to the inner side
of the square-loop dual-mode resonator. Fig.
8 shows the effect of the square patch
dimensions and the simulated insertion loss
of the dual-band bandpass filter. It is clear
from Fig. 6 that the longer the patch
dimensions (p), the more the transmission
zeroes are splitted. This may affect the
bandwidths of both bands. By splitting the
zeroes, the bandwidths may become
narrower.

Fig. 9. Layout of the measured dual-band bandpass
filter.
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Fig. 8. Simulated insertion loss of the dual-band
bandpass filter with different (p) values.
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IV. EXPERIMENTAL RESULT 60 1 —

-70

A dual-band bandpass filter has been designed,
fabricated and measured. The width of the Frequency (GHz) )
attached transmission line and the arms of the Fig. 10. Simulated and measured return and insert
dual-mode resonator were chosen to be each 0.305S 0f @ dual-band bandpass filter.

mm, the lengthsly= 1p=10 mm, and the
dimension p=0.5 mm .Additional transmission
lines have been attached to the 1/O ports and
coupled to the original transmission lines to
increase the coupling. Fig. 9 shows the layout of
the microstrip dual-band bandpass filter, while

VI. CONCLUSION

A dual-band bandpass filter designed by
introducing transmission zeroes in the pass-band

Fig. 10 shows the simulated and measured return of broadband bandpass filter using squarg-loop
and insertion loss of the filter. The filter has dual-mode resonator has been presented in this

center frequencies of 3.45 GHz, and 6.65 GHz, paper. The filter is relatively compact.
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Controlling the bandwidths and the center
frequency of both bands can be easily done. Very

good agreement

between theoretical and

experimental data has been achieved.
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