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Abstract— In this paper, benefiting from frequency transformation
between the normalized frequency domain of low-pass prototype
frequencies and the real frequency domain of the filter, a purely
analytical procedure for dual-band filter design is used. The
coupling matrix of the filter is analytically extracted, without the
need to perform numerical optimization. The procedure also
includes finding the equivalent circuit for these types of filters. The
frequency transformation formula is verified through an example.
The equivalent circuit and the coupling matrix are also analytically
deduced through the same example. Using an electromagnetic
structure simulator, an interdigital dual-band filter is designed and
simulated. The simulation results fulfill the specifications of the
given filter example, and the simulation results verify the possibility
of achieving the required specifications of the filter frequency
response. The designed and simulated filter has been implemented
and measured using a Scalar Network Analyzer. The measurement
results confirm the simulation results and the efficiency of the
synthesis procedure.

Index Terms— dual-band filter, dual-resonance frequency, frequency
transformation, interdigital filter.

I. INTRODUCTION

Since the giant development revolution of modem telecommunication systems, the demand for
multi-standard devices has considerably increased [1]. In order to follow the developing needs of
customers, different frequency bands are reserved for different standards. Therefore, in order to
incorporate two or more desired communication bands in a single hardware unit, or to reject unwanted
interfering frequencies, multi band filters are needed. Multi-band filters are attracting more and more
interest in modern microwave filters design [2]-[8].

The design of dual- or multi-band filters has been encountered in two classes of methods. The first
class depends on filtering functions, where the filtering function is constructed based on polynomials
[9]. While the second most prevalent class relies on frequency transformation techniques [10]. The
second class methods have been developed based on Zolatarev function [11], [12], but this approach
does not allow controlling the attenuation between the two pass bands (the stop band). This type of
filters can be synthesized analytically by positioning technique of transmission poles and zeros [9],

[13], [14]. However, this technique depends on numerical optimization procedures [15], as the
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convergence may not be guaranteed; its efficiency can be subject to question or doubt (especially, in
cases where high frequency selectivity is required). Another technique for designing dual-band
bandpass filters (DBPF), is to cascade a wide-band filter with a band-stop one [16], but this design
gives a large filter size.

In [17], the authors presented a method for designing a symmetric DBPF filter, in which the
frequency response is symmetric with respect to a frequency within the stop band. Whereas, in [18],
two approaches were presented to design dual-band microwave filters, by creating transmission zeros
and placing them within the required stop band. The first method resulted in a symmetrical response
(the two pass bands had the same width, and the transmission zeros were placed symmetrically within
the stop band), while the response in the second method was asymmetric (the two pass bands had
different widths, and the transmission zeros were located at the same frequency in the stop band).
Both methods depend on frequency transformation and the well-known prototype synthesis technique
[20], [21], and the implementation in [18] relies on coupled resonant cavities. In [19], authors
proposed the technique of synthesis and design of dual- and triple-band filters with symmetric
Chebyshev and Elliptic frequency responses using substrate integrated waveguide technology. While
authors, in [20], focused on the method of synthesis, design and how to create the stop band using
transmission zeros by connecting resonators, which are responsible for transmission zeros in the stop
band, where microstrip transmission line technology was used in designing some examples to verify
the synthesis method.

A method for constructing a triple band filter based on the frequency transformation between the
normalized frequency domain and the real one is presented in [19]. Where, new topologies containing
cross-coupling have been proposed. According to this method, coupling coefficients and external
quality factors can be analytically calculated. In order to verify the theoretical synthesis method, the
authors designed and implemented a triple band filter with microstrip line technology.

In all of the above methods for filter synthesis, a coupling matrix representing the coupling
coefficients between the filter resonators (including the resonators responsible for the stop bands or
the cross-coupling coefficients) is obtained.

In this article, we propose to design a dual-band interdigital filter. For this purpose, we suggest to
use the frequency transformation method to synthesize the dual-band filter, where this transformation
is applied on the low-pass prototype in order to obtain coupled resonators of the filter (we call them
primary resonators or band-pass resonators) in the form of inline coupled resonators, each of them is
connected with a new resonator, where, these new resonators are responsible for placing the
transmission zeros within the stop band, with no cross-coupling between the inline coupled resonators.
This method constitutes an accurate approach to obtain the coupling matrix from the required
characteristics of the filter, namely: filter degree and return loss or ripple in the pass band in addition
to the frequencies at the edges the pass bands of the desired filter’s response. Waveguide technology

for designing these types of filters has been proposed in some scientific publications [2], [6].
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Combline technology was also proposed in some scientific publications [9], [18], but the proposal in
[18] required cross-coupling between the inline filter resonators, which increases the complexity of
the structure, while in [9] two topologies were proposed using combline resonators, one of them also
adopts cross-coupling, in this method and the method proposed in [18], the structure of the coupling
matrix needs numerical optimization. As for the second method in [9], it used dual-mode resonators,
but the coupling between the two resonance modes, which is responsible for the stop band, is
restricted by the geometrical dimensions of the resonators, which, in its turn, adds restrictions on the
achievable specifications of the filter, especially in terms of the width of the stop band. In this article,
we propose the use of interdigital resonator filter technique to design a dual-band filter. This
technology allows obtaining wider ranges of coupling values between the main primary resonators
and the stop band ones.

In section II, the synthesis technique of dual-band filter is described step by step. Synthesis
procedure verification is shown in section III through an example for a filter design and simulation.
The designed and simulated filter is implemented and measured. The measurement results are
presented in section I'V. In section V, conclusion remarks about the design procedure and the designed,

simulated and implemented filter are shown.

II. DUAL-BAND FILTER SYNTHESIS TECHNIQUE

The used methodology, described in this section, provides a method that enables to design a dual-
band filter using an analytic synthesis procedure. This procedure is inspired in [17], [19]. What
distinguishes this technique from others is that it produces arbitrary asymmetric frequency domains
and controls the location of the stop band without using numerical optimization on the coupling
matrix. According to this synthesis technique, the so-called interim parameters (resonant frequency
and susceptance slope parameter for each resonator) are derived directly from the edges of the
required pass bands. These interim parameters along with some values from the low-pass prototype
are sufficient to calculate the design parameters of the filter (the coupling matrix and external @
factors). This analytical method is more effective than the optimization methods.

The synthesis procedure consists of three main steps: the first step is to synthesize a low-pass
prototype with a response of some type (an all-pole Chebyshev response is chosen in our example).
The second step is to apply the frequency transformation between the low-pass prototype domain to
the dual band one (this transformation is denoted by D(w)) which maps the response of the de-
normalized dual band frequency domain to the normalized or the low-pass prototype domain. The
third step is to find the coupling matrix for the filter. Depending on the procedure of synthesis, the
synthesis can be validated by the response obtained from the coupling matrix, from the filter itself or

using the electrical circuit model of the filter.
A. Step One: Low-Pass Prototype
In this study, a low-pass prototype with a Chebyshev response is chosen. The filter response is
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characterized by the filter degree n and the ripple factor € given by [20]:

Ly
e=11010 — 1, 0

where Ly, (dB) (Lgr > 0) is the ripple within the passband, and related to the return loss RL (dB)
(RL < 0) as [20]:

RL
LAT =—10 10g10 (1 - 101_0) . (2)
The transmission coefficient S; and the return loss S1; are given by [20]:
1S21 G| = S S— 3
21 T 1+2TE) )
1S111 + 1S = 1, 4)

where ( is the normalized frequency and T, is the Chebyshev function given by [20]:

cos (n-cos™1Q) Q] <1
T (Q) = 1 - ®)
cosh (n- cosh Q) Q] >1
Fig. 1.a shows an example of a 5t order low-pass prototype response with a return loss of —20 dB.
Fig. 1.b shows the shape of the response and the ripple within the pass band, which is approximately

equal to 0.0436 dB. We will use these values in the example explained in the following sections of
this article.

m -lof
Z
wv
2
Q 4
g Y
& \
S \
w =30 II ’J
Iy
h
40 i '
-3 0 1 2 3
Frequence [Hz]
(a)
2 o
S 002t
=
=
§ -0.04 [ : ‘ .
=
-1 -0.5 0 05 1
Frequence [Hz]
(b)
Fig. 1. 5" order low pass prototype response with RL = — 20 dB

(a) The filter response (b) Zoom of filter's response in the pass band.
B. Step Two: Frequency Transformation
Frequency transformation is intended to obtain the response of the dual-band response from the

low-pass prototype one. Fig. 2 shows this transformation.
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Fig. 2. Frequency transformation between low pass prototype response and dual-band one.

In Fig. 2, wy1, w1, wyz and w;, are the edges of the first and second pass bands, and they
represent the specification of the pass bands of the required filter. wy, is the frequency of the
transmission zeros between the two pass bands. In the synthesis technique, it is not necessary for the
two pass bands to have the same width (i.e. the response might be asymmetric). However, both pass
bands will have the same shape of the in- and out of-band response [21], where this dual band
response is determined by the response of the low-pass prototype. The frequency transformation
formula from the frequencies of the dual-band model or real frequencies to the frequencies of the low-
pass prototype is given by the following formula [17]:

W Wy 1
Q:b1<wo1_ w)_b2<i_ﬂ>' (6)

w2 w

where, the interim parameters ( by, wp1, by and wp ) define the frequency transformation. It is
noteworthy that, in addition to defining frequency transformation, these four parameters physically
define all resonators in the proposed dual-band filter. b; and b, are the susceptance slope parameters
and wg; and wg, are the resonance frequencies of the resonators. More details are provided in the
following subsections.

The frequency transformation (given in (6)) maps the real frequency domain to the normalized one
or the prototype frequency domain. However, the transformation required for the design must be in
the opposite direction, i.e. from the normalized frequency domain (of the low-pass prototype) to the
real frequency one. In order to perform this transformation, it is necessary first to obtain the interim
parameters from the specifications of the pass bands, and then the inverse transformation of relation
(6) can be found, i.e.:

w=D"1Q). (7)
Interim Parameters Extraction:

So in order to obtain the required transformation, we must first extract the interim parameters.

The extraction method of the relation between the interim parameters (b1, wg1, by and wg;) and the
specifications of the filter pass bands (wy1, w1, Wy, and wyy) is referred in [17]. If we apply the
frequency transformation formula (6), the lower edges of the pass bands w;; and w;, will be mapped
from the real frequencies (de-normalized) to the frequency —1 in the domain of the normalized

frequencies or the low-pass prototype frequencies, while the upper bounds wy; and wy, will be
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mapped to the frequency +1 as shown in Fig. 2. Using relation (6), we can express:
D(—wp1) = D(— wyz) = D(wy1) = D(wyz) = 1. )

Let’s rewrite (6) as:
_ ZD(w)

VD(w) = D(w)—1= PD(@) ’

)

where ZD(w) and PD(w) are polynomials of w such that the coefficient of the highest power term in

the numerator is one. That is, D(w) — 1 can be written as a fraction of two polynomials. Since this

fraction tends to zero at wyq, w1, Wyy and w;,, these frequencies represent zeros for the numerator

ZD(w), which means that:

ZD(w) = (w+ wp) (W +wpp) - (w—wyy) - (w—wyz) =0. (10)

Therefore, relation (10) can be expanded to obtain a polynomial of the fourth degree where the
coefficient of the highest power term is one. So it takes the following form:

ZD(w) = w* + z30% + ;0% + zyw' + 2, = 0, (11)

where z;’s depends on the bounds of the pass bands. They are given by:

73 = w1 + W — Wy — W2, (12)

Zy = Wy Wy + Wy wpy — (W + wr2) - (War + wy2) (13)
Z1 = Wy Wy (W1 + W) — Wy W (W + W), (14)
20 = Wy " W2 " W1 © Wy - (15)

Using (6), (9) can be rewritten by unifying the denominators and converting to a fraction where its
numerator and denominator are polynomials, and after normalizing the numerator and denominator to
the coefficient of the highest power term in the numerator, ZD(w) can be written in terms of the

interim parameters as:

2
Wo1 Wo1Wo1 Wo1W Wo1Wo1
ZD = w? ———\ w3 2 2 —) 2 02 =0. 16
(wW=w +< bl)w +(a)01+w01+ bib, w* + b, o+ bib, 0 (16)
Comparing between (11) and (16) gives:
Zgy " Z3
Wo1 = |~ 7 ’ (17)
Z
Wy = _Z_3’ (18)
A
= |= 1
by 7z (19)
zq 7% z
b, = 173 Ny (20)

This way, the interim parameters are found in terms of the specification of the required pass bands
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using a purely analytical way, where the values of z;’s are given by (12) to (15).

Frequency Transformation from the Normalized Frequency Domain to the Real one:

Having found the interim parameters, the inverse transformation that allows finding the response in
the real frequency domain (i.e. the real filter response) from the normalized frequency domain
response (or the low-pass prototype response) can be found, i.e. equation (7). For a dual-band filter,
the inverse transformation is obtained by solving the quadratic equation that can be given from (6) by:

Qw Wo1 * W Q- wpy * wh
4 01\ 3 2 2 01 " @Wo2\ - 01 "o2 2 .,2 0 —

W —( b, )a) —<w01+w02+W)w +<b—1>a)+(a)01 woz)—O. (21)

This equation is solved using MATLAB. We will use MATLAB in order to verify the transformation

formula through the given example in the following subsections.

C. Step Three: Finding the Coupling Matrix and the Equivalent Circuit
Consider a dual-band filter containing 2n resonators as shown in Fig. 3. Resonators from 1 to n are

the inline band-pass resonators, and they all resonate at the frequency wg;. Resonators from n + 1 to
2n are the resonators responsible for the stop-band (called band-stop resonators), and they all resonate
at frequency wy, . Therefore, there are n identical dual-resonance frequency resonators in the 2nd-
degree dual-band filter. Each of these resonators constitutes the periodic unit of the dual-band filter,
which can be considered as the building blocks of the structure [17]. For the dual-band filter topology,
the used frequency transformation is given in (6); the response of this structure contains two pass

bands, but each pass band will have an n* order Chebyshev response.

__________________________________________________

Fig. 3. Coupling resonators model for 2n™ order dual-band filter using dual mode resonators.

Fig. 4 shows the equivalent circuit of the structure shown in Fig. 3, this circuit is labeled by the
interim parameters and J -inverters (admittance inverters) connected to the band-pass resonators.
Among the interim parameters, by and wq; describe the band-pass resonators (resonators from 1 to n),
while b, and wg, describe the band-stop resonators (resonators from n + 1 to 2n). In the following,
the method of finding the coupling matrix and the equivalent circuit elements of the dual-band filter is

explained.
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Fig. 4. Equivalent circuit model for the dual-band filter.

In Fig. 3, the circles represent the resonators, while the solid lines between them represent the
coupling between the resonators. The two terminal resonators are connected to the input and output
ports by the admittance inverters Jo; and J,,41 shown in the equivalent circuit in Fig. 4, and
represented by the external quality factors Q.5 and Q. at the input and output in Fig. 3. Each of the
band-pass resonators is coupled with a band-stop one forming what is called dual-resonance
frequency resonator. In Fig. 4, Y, and Y4, represent the normalized admittances at input and output.
Jii+1 represents the value of the admittance inverter between the i*" and (i + 1) resonators, while J
represents the value of the admittance inverter between each of the band-pass resonators and the
corresponding band-stop resonator. The response of the part above the dashed line in Fig. 3 forms the
response of all-pole Chebyshev response, while the resonators below the dashed line form the stop
band between the two pass bands of the filter.

Equivalent Circuit Elements:
The values of the admittance inverter /;;4+1 (i =0,..,n+ 1) in the equivalent circuit can be

obtained from the all-pole Chebyshev design procedure using the following relations [20]:

Jo1 = (22)

Jiiv1 = (23)
Y

= o 24

]n,n+1 gn'gn+1’ ( )

Js =1, (25)

where g;’s are the low pass prototype elements [20]. The remaining values of the equivalent

circuit elements (inductors and capacitors) are given by:
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_ _ . _(porsfor C;and L;
bi = woi - Ci, Pb= {1 or 2 for b; and w; (26)
where,
1 ,
woi = ) ;I=pors 27
0i Li - Ci ( )
Elements of the Coupling Matrix:
The coupling matrix of the proposed dual-band filter can be written as:
M, M,
M = [ S 28
Mps MS. ( )
That is, it consists of a structure of four matrices, each of which is defined as [20], [21]:
kin kip o o 0 kii:&_ﬂ
: T w w
M kiz kap k ,  where; < o1 0 (29)
. : : nn=1 ki = Kisx: __ 1
0 kn—l,n kn,n & i+l — M1 — bl f—gigi+1
kn+1,n+1 0 .. 0
0 : _ @ 9
M, = : 0o | where; k;; = w0 @ (30)
0 0 an,Zn
kl,l 0 0
M o . : here; k ! 31)
= - where; k;; =
ps : ol » Mg bib
0 . 0 knn Vo
where,
Wy = Wj1 " wWy2 - (32)
While, the input and output external quality factors are given by: [20]
b
Qe5=171:b1'90'91, (33)
01
by
Qeo = 7—=D1"9n" Gn+1- (34)
]n,n+1

where; o1 and J;, ,41 are given by (22) — (24).
Dual-Band Filter Response:

Having found the equivalent circuit and the coupling matrix elements, the filter response can be
found either by simulating the equivalent circuit in circuit simulation software such as ADS or MW
office or other software used in microwave circuit simulation, or using the coupling matrix. The

response of the filter is given by [9], [20]:

2
Sy = —"[4] ], 35
4 Vv Qes* Qe n )
_ 2
S =+ (1 " O [A]Ill) , (36)

where A is the admittance matrix of the equivalent circuit [9], [20] which is given by:
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[A] = [q] + D[U] — j[M], (37
where [M] is the coupling matrix whose elements are given by (28) — (31), [U] is the identity matrix
and D is the frequency transformation (i.e. the relation (6)), and [q] is the quality matrix with all of its

entries are equal to zero except for the first element of the main diagonal, which is equal to the invert

of the quality factor at the input, i.e. Qi, and the last element of the main diagonal, which is equal to
eS

the invert of the quality factor at the output i.e. QL, and they are given by (33) and (34).
el

III. VERIFYING THE SYNTHESIS PROCEDURE AND THE TRANSFORMATION FORMULA

In this section a dual-band pass filter is designed with the following specifications:
- The filter is of 10" order, i.e. 5" order Chebyshev response for each pass band
- Pass bands (the return loss within the pass bands is needed to be below -20 dB):
The first passband frequency range [8 — 9.575] GHz.
The second passband frequency range [10.05 - 11] GHz.
- Technology: Interdigital Filter

A. Verifying the Frequency Transformation
The frequency transformation is first verified. The frequency transformation is applied to the 5™

order Chebyshev response, where the transmission coefficient Sp; and the return loss S11 are given by
relations (3) and (4). By performing the frequency transformation represented in relation (7) on the
transmission and return loss coefficients (3) and (4) directly using MATLAB software, the response
shown in Fig. 5 is obtained. It is clear from the figure that the response fulfills the required

specifications of the filter.

B.  Verifying the Equivalent Circuit Model
Using the equivalent circuit model given in Fig. 4 (relation (22) through (27)), the equivalent circuit

of the dual-band filter is found as shown in Fig. 6. Where; Fig. 6 shows the equivalent circuit model
with the values of the circuit elements (the values of capacitors and inductors in addition to the
admittance inverters). The circuit is simulated using the MW Office software. Fig. 7 shows the
simulation results. We also note that this result is completely identical to the result shown in Fig. 5.
This congruence is intuitive since the values of the equivalent circuit elements are considered

precisely.
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Fig. 5. The response obtained from frequency transformation from the low pass prototype domain to dual-band one.
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Fig. 6. The equivalent circuit of the considered dual-band filter.
C. Verifying the Coupling Matrix
Using (28) — (31), the coupling matrix of the dual-band filter is obtained to be as:
-0.0146  0.2322 0 0 0 0.1228 0 0 0 0
0.2322  -0.0146 0.1706 0 0 0 0.1228 0 0 0
0 0.1706  -0.0146  0.1706 0 0 0 0.1228 0 0
0 0 0.1706  -0.0146  0.2322 0 0 0 0.1228 0
0 0 0 0.2322  -0.0146 0 0 0 0 0.1228
=1 01228 0 0 0 0 00912 0 0 0 0 (33)
0 0.1228 0 0 0 0 0.0912 0 0 0
0 0 0.1228 0 0 0 0 0.0912 0 0
0 0 0 0.1228 0 0 0 0 0.0912 0
0 0 0 0 0.1228 0 0 0 0 0.0912

By applying relation (35) and (36) using MATLAB, the response shown in Fig. 8 is obtained. These

results coincide with the simulation and the equivalent circuit ones shown in Fig. 6 and 7 respectively.

This is self-evident since the coupling matrix forms a mathematical model of the filter that leads to an

accurate result in terms of response.
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Fig. 7. The response of the equivalent circuit shown in Fig. 6.
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Fig. 8. The response obtained from the coupling matrix of the considered dual-band filter.

IV. FILTER DESIGN AND IMPLEMENTATION

A design procedure of filters based on coupling matrix is adopted in constructing the dual-band
filter in this section. Using the coupling matrix (38), the physical dimensions of the filter is obtained.
Fig. 9(a) shows the 3D view of the designed and simulated dual band filter using CST Microwave
Studio, and Fig. 9(b) shows the top view of the same designed and simulated filter. After having got
the full physical dimensions of the dual-band filter, we rounded some dimensions to the nearest
hundred micrometers, such as the distances between the resonators, the height of the input and output
connectors, the distance between the two terminal resonators and the walls adjacent to them, and the
height of the resonators. Then we simulated the filter using FD Solver simulator in CST. The
simulation results are the indicated curves (Before Tuning) shown in Fig. 10. Fig. 10 also shows the
filter's response after a simple tuning of the fine-tuning screws; this response is indicated by (tuned).
We note that the response is close to the specifications of the required filter, in terms of the pass bands
and stop band in addition to the return loss, given in Fig. 5. The difference between the simulation

result before and after the tuning results from our approximations of some physical dimensions. But
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by performing the tuning, we notice that the filter specifications are very close to the required ones

(the width of the two pass bands, the width of the stop band, and the return loss within the pass bands).

(@) (b)

Fig. 9. The obtained Interdigital filter, (a) 3D view, (b) top view.

--------- BeforeTuningS11
----- BeforeTuningS21
--=-= TunedS11
TunedS21

T T

11 12 13

Dual Band Filter Response (dB)

Frequency / GHz

Fig. 10. The response of the designed interdigital filter.
Fig. 11 shows the shape of the response within the pass bands, and shows the amount of ripple
within them, which is approximately less than 0.0436 dB. From this response, we can also see that the
ripple obtained from the simulation achieves the desired one, which corresponds to the values of S1;

within the pass band denoted “TunedS11” in Fig. 11 (below -20dB) over the two pass bands.
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Fig. 11. Zoom of the designed filter's response in the pass bands.
The designed and simulated filter is implemented. Fig.12 shows the filter assembly parts fabricated
to construct the filter. These parts have been fabricated using the commercial alloyed aluminum. After
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assembling the filter, it had the photo shown in Fig. 13. The filter was measured using a Scalar
Network Analyzer. Fine tuning (using the tuning screw) was performed to obtain the resulting
response shown in Fig.14. In order to verify the design, the simulation results of the filter are also
shown in Fig.14. It’s clear, from Fig.14, that excellent agreement between the simulation and the
measurement is observed (in terms of the width of the two pass bands, the width of the stop band, and
the return loss within the pass bands). More insertion loss in the response of the fabricated filter was
observed from the measurement. This insertion loss is caused by the losses of the aluminum material
and the losses of the SMA connectors used for the filter. We also note that the insertion loss is greater
on both edges of the two pass bands close to the stop band, which reaches about 2dB. Fig. 14(a)
shows these differences in insertion loss between measurement, simulation and analytical results.

As can be seen from Fig. 15(b), the fabricated filter meet the required return loss in the second pass
band, while about 2dB between the return loss of the fabricated filter and the return loss in the
analytical or simulation results is observed in the first pass band.

Comparing the simulation or measurement results with the theoretical ones (Fig. 15(c)), we can
notice that the selectivity within the stop band between the two pass bands is very good, although the
designed filter did not achieve the selectivity outside the whole band of the filter (between the upper
edge of the higher band and the lower edge of the lower band). Also, a little frequency shift of the
stop band is noticed.

Comparing with some of the works that were mentioned in some recent scientific references, we
can note that the required specifications of the designed filters are approximately achieved in [2], [7],
while S1; in [2] doesn’t meet the required value, although the value of S;; adopted in [2] was -15dB
compared to -20dB in the case of the designed filter presented in this paper. While the required
specifications of the filter in [7] are met in terms of the required pass-bands, however, the filter
obtained in [7] showed poor selectivity compared to the filter presented in this paper, especially in the

stop band between the two pass bands.

Fig. 12. Assembly parts for the fabricated dual-band filter.
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Fig. 15. Comparison between analytical, simulation and measurement results. (a) Demonstration of insertion loss of the
filter, (b) Demonstration of return loss of the filter, (c) Demonstration of rejecion of the filter.
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V. CONCLUSION

In this article, an analytical methodology for designing a dual-band filter has been used benefiting
from frequency transformation between the normalized frequency domain of low-pass prototype, and
the real frequency domain of the filter. The adopted method was purely analytical in the process of
finding the coupling matrix that fulfills the required filter specifications, without having to perform
numerical optimization on the coupling matrix in order to obtain the response of the two pass bands.
The procedure also found the equivalent circuit for this type of filters, which includes connecting each
of the primary resonators (a band-pass resonator) of the filter to a resonator responsible for the stop
band (a band-stop resonator) in order to form dual-resonance frequency resonators. The frequency
transformation formula is verified through an example. The equivalent circuit and the coupling matrix
are also analytically deduced through the same example. Using electromagnetic structures simulator,
the interdigital dual-band filter is designed and simulated. The simulation results fulfill the
specifications of the given filter example, and show the possibility of achieving the required
frequency response specifications of the filter. The designed and simulated filter is implemented and
measured using a Scalar Network Analyzer. Measurement results confirm the simulation results and

the efficiency of the synthesis procedure.
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