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Compact Tri-Band Microstrip Filter Using Three Types
of Resonators for Bluetooth, WIMAX, and WLAN Applications
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Abstract—In this paper, a compact tri-band microstrip ﬁlter is designed and fabricated for application
in wireless communication systems such as Bluetooth, WIMAX (World Wide Interoperability for
Microwave Access), and WLAN (Wireless Local Area Network). In the proposed ﬁlter, three resonators,
i.e., Stub-Loaded Resonator (SLR), Stepped Impedance Resonator (SIR), and Square Split Ring
Resonator (SSRR), are used. The dimensions of the proposed ﬁlter are equal to 16.2 × 12.3 mm2
or 0.219λg × 0.166λg . These dimensions indicate that the proposed structure has reduced the size by
about 40% compared to the conventional samples. This is the main advantage of the proposed ﬁlter.
Finally, in order to investigate analysis and simulations, the proposed ﬁlter is fabricated. The results
prove correctness of the design, analysis, and simulations.

1. INTRODUCTION
In recent years, for increasing needs of communications, most of wireless communication systems such
as Bluetooth, WIMAX (World Wide Interoperability for Microwave Access), and WLAN (Wireless
Local Area Network) have been developed and used vastly [1–3]. Microstrip ﬁlters are considered
vital components and are highly required in microwave communication systems [4]. For meeting this
demand, single band or wideband ﬁlters have been used [5, 6]. Also, multiband and ultra-wideband
(UWB) ﬁlters substituting some single-band ones by using some technologies such as waveguides and
microstrip transmission-lines are used for design [7–9]. This leads to reducing cost and dimensions of
system structures. In one hand, for suitable performance and at several frequencies simultaneously, some
works about the design of multiband ﬁlters by use of innovative and novel methods are presented [10–18].
These methods by use of Stepped Impedance Resonator (SIR) [10], Stub Loaded Resonator (SLR) [11],
Stepped Loaded of Square Ring (SRLR) [12], and Split Ring Resonator (SRR) [13] can be suggested.
For example, a tri-band ﬁlter for covering wireless communication standards GPS (Global
Positioning System), WIMAX, and WLAN by use of SIR and stepped loaded resonators are
introduced [10]. The most important feature of that structure is a suitable bandwidth and simple
design. However, the major disadvantage of that ﬁlter is the dependency of frequency bands to each
other because of using only one type of resonator for generating all frequency bands. Also, their
dimensions are relatively large. So, today for designing of microwave components, use of only SIR
resonator is not suitable. So it is better to use other resonators for meeting compact dimensions.
In [13], a tri-band ﬁlter for covering communication systems standards GPS, WIMAX, and WLAN
with Complementary Split Ring Resonator (CSRR) structures was introduced. For enhancement of
performances, CSRRs are used in the design of microwave circuits [13]. An important point in these
resonators is their narrow-band frequency response. In that design, because of using CSRRs sharp skirt
selectivity is achieved. According to the above references, one of the eﬀective ways to design narrowband performance is to use SRR and CSRR structures, and for networks that cover greater bandwidth,
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is the use of SIR structures. It should be noted that SRR and CSRR structures are considered as
metamaterial structures [19]. These structures are very eﬀective in realizing high rate communication
systems [19].
In this paper, a novel tri-band microstrip ﬁlter with small dimensions for covering wireless
communication systems standards such as Bluetooth, WIMAX, and WLAN is proposed. For realizing
this structure, three diﬀerent microstrip resonators are used. The proposed ﬁlter is introduced
completely in Section 2. The proposed structure consists of a stepped impedance resonator for
Bluetooth (2.4 GHz), square split ring resonator for WIMAX (3.5 GHz), and stepped impedance
resonator with stub-loaded, for (5.2–5.8 GHz) WLAN. Existing strong coupling among resonators and
feedlines generates several Transmission Zeros (TZs) that could be improved the performance of the
proposed ﬁlter.
2. THE PROPOSED TRI-BAND FILTER DESIGN
The proposed ﬁlter is shown in Figure 1. Its dimensions are 12.3 × 16.2 mm2 or 0.166λg × 0.219λg where
λg is the guided wavelength at 2.45 GHz. This dimension has been reduced to 40% in comparison with
the sample presented in [10]. In Figure 2 the proposed resonators and other parts are presented. The
optimized values of microstrip transmission-lines (TLs) and resonators gaps are reported in Table 1 (all
in millimeters). The process of designing and calculating the above values will be presented.

Figure 1. Conﬁguration of the proposed tri-band ﬁlter.
Table 1. Dimensions of the proposed ﬁlter.
La = 4.2
Ld = 9.6
L1 = 9.1
L4 = 1.0
L7 = 4.8
g = 0.1

Wa = 0.4
Wd = 0.7
W1 = 0.3
W4 = 0.4
W7 = 0.5
g1 = 0.6

Lb = 0.8
Le = 1.5
L2 = 6.5
L5 = 9.9
LP = 2.6
g2 = 0.2

Wb = 0.4
We = 0.7
W2 = 0.4
W5 = 0.4
WP = 0.2
g3 = 0.1

LC = 5.8
Lf = 7.6
L3 = 0.6
L6 = 8.0
LS = 1.9
g4 = 0.2

WC = 0.2
Wf = 0.8
W3 = 1.4
W6 = 0.7
WS = 0.2
W8 = 0.5

2.1. Characteristics of the Resonators
The proposed structure consists of two parts. The ﬁrst one consists of resonators 1 and 2, and the
second part is resonator 3, which are shown in Figure 3. Resonator 1 is SIR; resonator 2 is Folded
Stub-Loaded Stepped Impedance Resonator (FSLSIR); and resonator 3 is an SSRR.
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Figure 2. All parts of the proposed ﬁlter. (a) Final conﬁguration, (b) conﬁguration of feed-lines, (c)
SIRs conﬁgurations, and (d) SSRR structures.

(a)

(b)

Figure 3. The conﬁguration of the proposed resonators. (a) Resonators 1 and 2, and (b) resonator 3.
According to Figure 4(a), SIR and FSLSIR are symmetric. So, the even and odd modes analysis
can be used to determine the resonance frequencies [4]. The even and odd modes equivalent circuits of
the proposed resonators are illustrated in Figure 4(b) and Figure 4(c).
According to Figure 4(b), the lines that cut the symmetry lines should be omitted, and the ﬁnal
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(a)
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(c)

Figure 4. (a) The SIR and FSLSIR resonators, (b) odd-mode equivalent, and (c) even-mode equivalent.
structure is connected to the ground plane [4]. So, input admittance of the odd mode circuit is:
(Ys + jY1 tan θ1 )
Y1 + jYs tan θ1
YS = −jY2 cot θ2

Yin (odd) = Y1

(1)
(2)

According to the relations in Eqs. (1) and (2):
Yin (odd) = Y1

(−jY2 cot θ2 + jY1 tan θ1 )
Y1 + j(−jY2 cot θ2 ) tan θ1

(3)

Finally, with Yin (odd) , the relation in Eq. (4) will be obtained:
Y2
= tan θ1 tan θ2
(4)
Y1
From the resonant condition Yin (even) = 0 with a little simpliﬁcation and calculation, the input
admittance is obtained:


(A + jY2 tan θ2 )
+ jY1 tan θ1 = 0
(5a)
Y1 Y2
Y2 + jA tan θ2
where A parameter is:


A = Y3

((−jY5 tan θ5 ) + jY4 tan θ4 )
+ jY3 tan θ3
Y4
Y4 + j(−jY5 tan θ5 ) tan θ4
((−jY5 tan θ5 ) + jY4 tan θ4 )
Y3 + jY4
tan θ3
Y4 + j(−jY5 tan θ5 ) tan θ4


(5b)

Also, by Yin (odd) = Yin (even) , the positions of TZs are obtained.
2.2. Analysis of the Proposed Filter with Super-position Technique
In this part, resonators are omitted, and their eﬀects are investigated. All of the simulations are achieved
by HFSSv15.0 software. The SIR and proposed feed-lines are shown in Figure 5(a). Also, the frequency
responses (S11 and S21 parameters) of this structure are illustrated in Figure 5(b).
According to Figure 5(b), it is obvious that resonance frequency is around 2.8 GHz, and another
is created at 6 GHz. In one hand in Figure 5(b), we can see that this resonance creates a strong TZ
around 2.5 GHz and 9.2 GHz, and feedlines of structure along with FSLSIR are investigated.
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(a)

(b)
Figure 5. (a) Feed-lines and SIR structures, and (b) frequency responses of feed-lines and SIR.
In Figure 6(a) and Figure 6(b), the simulation results are presented for FSLSIR structure. This
structure creates a wide-resonance frequency between 5 GHz to 6 GHz frequencies, also creates a
harmonic frequency around 9.5 GHz, and three TZs in 1.8 GHz, 2.4 GHz, and 6.6 GHz. From Figure 6(b)
we can ﬁnd that the FSLSIR structure, according to the symmetry line, does not have any eﬀect on
odd-mode stimulations and just creates even-mode resonances. So, the created bandwidth by FSLSIR
is considered odd-mode in 5 GHz to 6 GHz. The cause of creating this frequency band is the coupling
between SIR and feed-lines structures. It is clear, with the change in the locations of these parts and
if adding another resonator to the proposed design, that the frequency resonances have been moved.

(a)
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(b)
Figure 6. (a) Feed-lines and FSLSIR structure, and (b) simulation results with feed-lines and FSLSIR.

(a)

(b)
Figure 7. (a) Feed-lines and SSRR structure, and (b) simulation results with feed-lines and SSRR.
Thus, the purpose of presenting a super-position analysis is to determine the approximation of frequency
resonances and TZs frequencies locations.
Finally, the SSRR structure with feedlines is investigated. In Figure 7(a), feedlines of structure
and SSRR and, in Figure 7(b), results of simulations are shown.
According to Figure 7(b), we can see that the SSRR structures generate two resonances in 2.6 GHz
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Figure 8. S-parameters of the ﬁnal ﬁlter conﬁguration.

Figure 9. Eﬀect of Lp values in resonance frequencies.
and 3.1 GHz. Also, a harmonic frequency in 8.5 GHz and a TZ in 2 GHz are created.
Finally, the total structure of ﬁlter by all existing resonators is investigated, shown in Figure 1.
Simulated S-parameters of the proposed tri-band ﬁlter are illustrated in Figure 8. It can be seen that
the proposed ﬁlter has the capability to cover the Bluetooth, WIMAX, and WLAN frequency bands.
Note that, in the proposed structure, the electrical lengths of SSRR are increased, although the total
dimension of the structure does not change. Also, the proposed technique increases the coupling between
resonators and enhances insertion-loss ﬁnally [20]. In order to prove this claim, Figure 9 is shown. It can
be seen that with the change in the value of Lp, the eﬀect on the resonance frequencies represents the
mentioned issue. The SSRR has a little eﬀect on other resonators. It should be noted that changing the
position of these two resonators only aﬀects the magnitude of return-loss at the center frequencies [21].
For characterization of resonators eﬀects, all of the transmission-losses (S21 ) of all the studied cases
are illustrated in Figure 10.
In Figure 10, the resonators trend for creating frequency bands are characterized especially. Also,
in Figure 11, the return-losses (S11 ) of each resonator and S11 results of the proposed ﬁlter are shown.
According to Figure 10 and Figure 11, the trends of resonators for creating passbands are similar.
So, the third frequency band with resonator 2 (FSLSIR) is created. Also, the second frequency band is
created by resonator 3 (SSRR). The ﬁrst frequency band is created with SIR structure. Note that
the ﬁrst band depends on FSLSIR, although the third frequency band has a low dependency on
SIR structure. As shown in Figure 11, we can say that the resonator can create TZs. Before ﬁnal
characterization, TZs according to Figure 12 are named.
According to Figure 12, we can see that TZ1 is made because of coupling between SSRR and
SIR [4]. Also TZ2 , TZ6 , and TZ9 are introduced by coupling among feedlines and SIR. TZ3 is created
by coupling between FSLSIR and feedlines parts. TZ5 is generated by the SSRR. TZ4 , TZ7 , and TZ8
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Figure 10. Insertion-losses (S21 ) of the proposed structure with all resonators.

Figure 11. Return-losses (S11 ) of the proposed structure with all resonators.

Figure 12. All TZs of the proposed ﬁlter.
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are created by eﬀects of feed-lines of the proposed ﬁlter. As clear from Figure 12, by optimizing the
length and width of stubs, a harmonic frequency of SSRR resonator shifts far from the desired bands.
Also, the SIR harmonic is omitted by TZ of feedlines.
3. FABRICATION AND MEASUREMENTS RESULTS
Now it is necessary for the realization of a tri-band ﬁlter by the capability of wireless communication
networks. In Figure 13, the fabricated ﬁlter is illustrated. The simulated and measured results of
S-parameters of this ﬁlter are shown in Figure 14. These results are determined by the Agilent 8722
ES Network analyzer device. As indicated in Figure 14, the results of measurements are similar to the
results of simulations. A little diﬀerence is because of undesired situations of measurement devices.
Passbands, insertion losses, return losses, and fractional bandwidth are reported in Table 2. Figure 15
shows a comparison of measured and simulated group delays. The maximum variation of 0.23 ns in the

Figure 13. Photograph of the fabricated ﬁlter.

Figure 14. Simulated and measured S-parameters of the proposed ﬁlter.
Table 2. Simulated and measured results of the proposed tri-band ﬁlter.
Passband (GHz)

Insertion Loss (dB)

Return Loss (dB)

3-dB FBW (%)

TZ

Simulation

2.45/3.6/5.5

1.5/2.4/0.4

15/13/15

4.8/1.6/25.4

9

Measured

2.44/3.6/5.5

1.6/2.2/0.5

12/14/18

4.8/2.2/25.3

10
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Figure 15. Group delay of the proposed ﬁlter.
Table 3. Performance comparison of this work with other ﬁlters.
Passband

Insertion Loss

Return Loss

3-dB FBW

(GHz)

(dB)

(dB)

(%)

[7]

1.95/3.5/5.2

0.46/1.96/3.9

> 16.7

8.5/3.7/3.9

3

0.38λg × 0.28λg

[8]

2/3.6/5.5

<3

> 10

13.2/10.1/18.5

6

0.156λg × 0.303λg

[9]

2.5/5.2

<2

> 14

6.4/5.8

4

[11]

0.98/3.6/5.8

<3

> 11

11/4.4/4.3

5

[12]

2.4/3.5/5.5

< 1.2

> 15

11.6/6.7/17/8

4

[13]

1.57/2.48/3.5

< 1.4

> 17.5

17.1/16.8/13.7

4

[14]

1.8/2.45/3.5/5.5

< 2.3

> 15

6.7/4.2/3.7/14.8

6

[15]

3.5/4.25/5

<1

> 19

2/2/2

2

20 × 20 mm2

[16]

1.9/3.5/5.8

<2

> 18

1.875/3.54/5.91

3

0.08λg × 0.2λg

2.44/3.6/5.5

1.6/2.2/0.5

12/14/18

4.8/2.2/25.3

10

Ref.

This
filter

TZ

Size
(mm2 )/(λg × λg )

15.6 × 8.5 mm2
0.21λg × 0.11λg
0.055λg × 0.143λg
15.6 × 8.5 mm2
0.21λg × 0.11λg
0.14λg × 0.22λg
19.8 × 15.8 mm2
0.19λg × 0.15λg

16.2 × 12.3 mm2
0.21λg × 0.16λg

passbands is noticeable. Comparisons between this work and other ﬁlters are made in Table 3. This
table can well illustrate the advantages of the proposed ﬁlter.
4. CONCLUSION
In this article, a compact tri-band ﬁlter is presented and analyzed. The device covers frequency bands
of Bluetooth, WIMAX, and WLAN. In order to realize tri-band performance, three types of resonator
structures are used. The ﬁlter has the advantage of compact size and suitable covering of standard
frequency bands. Finally, in order to prove the accuracy of the carried-out simulations, the proposed
structure is fabricated. The yielded results of simulation and measurement state the fact that the
proposed ﬁlter has the capability to function in tri-bands for wireless communication systems.
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