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Atallah Balalemc and Abbas Omarc

aDepartment of Electronic Science, University of Delhi, India; bSouth Valley University, Qena,
Egypt; cUniversity of Magdeburg, Magdeburg, Germany

(Received 1 August 2010; final version received 2 June 2012)

This article introduces a compact single pole dual-band bandstop filter using
capacitors loaded open rectangular DGS slot. A parametric study is reported to
pull down lower and upper frequency bands of the unloaded DGS slot in the
range of needed stopbands with the help of the loading capacitors. A systematic
design process is reported to design a dual-band bandstop filter to suppress
2.4GHz and 5.2 bands, with bandwidths 0.15/0.25GHz, by 36 dB and 25 dB
respectively. The passband between the two stop-bands has 0.2 dB insertion loss.
A circuit model of dual-band bandstop filter is also presented.

Keywords: bandstop filter; dual-band filter; defected ground structure; DGS;
filter

1. Introduction

Dual-band bandstop filter (DBSF) is needed at the GSM band to eliminate the interfering
signals due to the mobile band. Similarly, we may have to stop the interfering WLAN
bands IEEE 802.11 a in the ranges 5.15–5.25GHz, 5.25–5.35GHz, 5.47–5.725GHz, 5.725–
5.825GHz as well as IEEE 802.11b band in the range 2.412–5.484GHz (Ciampa and
Olenewa 2007). Several kinds of dual-band bandstop filters have been introduced in the
literature (Woo and Lee 2005; Lee, Oh, and Myung 2006; Tseng and Itoh 2006; Chin, Yeh,
and Chao 2007; Lim, Kim, Shin, and Yu 2007; Chao and Qun 2008; Abunjaileh and
Hunter 2009; Chin and Lung 2009; Hu 2009; Tang, Hong, and Chun 2009; Kakhki and
Neshati 2010; Xiao and Zhu 2011). The coupled short-circuited quarter-wavelength stubs,
stepped-impedance stubs, composite right/left handed metamaterial transmission lines,
spur-line resonators, defected ground structures (DGS) in the form of the spiral and split
ring resonators etc. are used to realise DBSF. The lumped capacitor loaded DGS slot has
also been reported to tune the resonant frequency to some extent (Woo and Lee 2005).
However, the capacitor loaded DGS slot is not reported in our knowledge to obtain a
compact dual-band bandstop filter.

In this article, we propose a new single pole compact dual-band bandstop filter using
the lumped capacitors loaded open rectangular DGS slot to suppress the WLAN signals.
In the present work we have paid attention to the unlicensed WLAN bands, 2.4GHz/
5.2GHz. The filter is based on single DGS slot and a new concept of differential tuning has
been introduced to get two nonharmonically connected stopbands.
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The article is organised as follows: Section 2 presents the working process of the
proposed dual-band bandstop filter. Section 3 presents the design guidelines to develop the
proposed filter on low and high permittivity substrates. It also reports a circuit model of
the filter. Section 4 presents the experimental results of the fabricated dual-band bandstop
filter to suppress the lower and upper frequency bands of the WLAN. The effect of the
package shield on the resonance frequencies is also investigated. Finally, the present DBSF
is compared against some of the available DBSF.

2. Working of proposed dual-band single pole band-stop filter

The proposed lumped capacitor loaded open rectangular DGS slot and the electric field
distributions on the slot are shown in Figure 1. The slot is etched in the ground plane of a
substrate with "r ¼ 3:38, h ¼ 0:831mm. The 50-� microstrip line runs, on other side of the
substrate, parallel to the arm d2. The unloaded DGS slot (without lumped capacitors)
resonates at two frequencies – the lower band resonance frequency fL and the upper band
resonance frequency fH; with fH=fL � 3. The simulated jS21j responses of DGS slot, with
slot gap s¼ 1mm, of three different sizes are shown in Figure 2. The lower resonance
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Figure 2. Simulated S21 of DGS slot without capacitors.
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Figure 1. DBSF structure and simulated electric field intensity inside the DGS slot. (a) Bottom side
of DGS slot with capacitors; (b) fundamental mode and (c) third harmonic mode.
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frequency changes from 4.89GHz to 5.94GHz to 7.50GHz; while the upper resonance
frequency increases from 15GHz to 18.27GHz to 21.24GHz on decreasing the size of
DGS slot. For the first two larger slots, we have fH=fL � 3. However, for the smaller slot,
we have fH=fL ¼ 2:8. Figure 1(b) and (c) shows the electric field distribution in the slot
region at the lower and upper resonant frequencies. At the fundamental resonance
frequency, the electric field has one maximum. At the third harmonics, we observe three
maxima.

We compute approximate normalised sides d1, d2 and slot-width s of the rectangular
DGS slot with help of the following curve-fitted empirical expressions:

d1
�g
¼ 7� 10�5ð�gÞ

2
� 55� 10�4�g þ 0:317 ðaÞ

d2
�g
¼ 10�4ð�gÞ

2
� 86� 10�4�g þ 0:4013 ðbÞ

s

�g
¼ 5� 10�3ð�gÞ

2
� 41:27� 10�2�g þ 11:214 ðcÞ

fH
fL
¼ �3� 10�3ð�gÞ

2
þ 22:59� 10�2�g � 0:3173 ðd Þ

ð1Þ

where the guided wavelength is �g ¼ �0=
ffiffiffiffi
"r
p

. �0 is the wavelength corresponding to the
lower resonance frequency fL. The lower resonance frequency fL is the up-scaled
frequency obtained from the specification of the dual-band bandstop filter. The
up-scaled upper resonance frequency, fH is estimated from Equation (1d). As compared
to results from the CST EM-simulator (CST Microwave Studio 2008), the lower and
upper resonance frequencies can have deviations up to 3% and 15% respectively.
However, deviation in resonance frequency is not very important, as the final results get
corrected through tuning. We have noted that the lower resonance frequency, fL is to be
scaled down approximately by a factor of 2.5 and the upper resonance frequency, fH is
to be scaled down approximately by a factor of 3.5 to arrive at the needed WLAN
stop bands.

2.1. Differential reduction of lower and upper resonant frequencies with capacitors

The lumped capacitors connected across the slot regions, shown in Figure 1(a), lower
the natural resonance frequencies of the DGS slot in 1–6GHz band. The capacitors are
connected at the locations of the maximum electric field intensity. Through the
numerical experimentation on the CST Microwave Studio (2008), we have noted that
both fL and fH decrease with increasing C1 and C2. However, changes in the resonance
frequencies are not in same proportion. The differential change in frequencies is useful
to get nonharmonically related two stopband frequencies. Figure 3 illustrates such
differential frequency reduction for C2¼ 0.5 pF; while C1 is changed from 0.0 pF to
0.7 pF. There is a large reduction in fH from 12.5GHz to 5.21GHz; whereas only a
small variation in fL from 3.18GHz to 2.42GHz. We further noted that the bandwidth
of the lower band is not much affected, while for the upper band the bandwidth
changes significantly. The larger C1 provides high Q, i.e. the narrower bandwidths, for
both the lower and upper bands; whereas the larger C2 provides high Q only for the
lower band.
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2.2. Effect of the location (Sh) of the capacitors C2

The resonance frequencies are fine tuned in the differential manner by changing the

location Sh of two capacitors C2, shown in Figure 1(a). The electric field distributions

shown in Figure 1(b) and (c) suggest that if the locations of the two capacitors C2 are

moved upward, with respect to the centre line, fL can decrease and fH can increase.

However, if the location of the two C2 is moved below the centre line, the changes in the

resonance frequencies are in opposite directions. Such expected behaviour is shown in

Table 1. Table 1 also presents results on 3-dB and 10-dB bandwidths for both bands. These

bandwidths are approximately 500MHz and 200MHz, respectively. We get nearly

constant bandwidths while tuning the bands with the help of the position Sh of capacitors

C2. For the dual-band bandstop filter design, we can fix the upper band accurately by the

position of C2. The correct lower band is obtained by adjusting the slot gap g.

Table 1. Effect of location (Sh) of C2 and slot gap (g) resonance frequencies.

Effect of position of C2

Position of C2/slot
gap g (mm)

fL
(GHz)

fH
(GHz)

3 dB BW
at fL

3 dB BW
at fH

10 dB BW
at fL

10 dB BW
at fH

2.0 2.08 6.17 0.456 0.466 0.172 0.166
1.0 2.14 5.99 0.472 0.499 0.175 0.180
0.5 2.26 5.60 0.499 0.570 0.186 0.197
0.0 2.34 5.44 0.526 0.585 0.199 0.210
�0.5 2.42 5.29 0.558 0.600 0.205 0.217
�1.5 2.58 5.03 0.632 0.563 0.223 0.208
�2.0 2.67 4.92 0.690 0.541 0.249 0.200
�2.5 2.76 4.85 0.756 0.503 0.267 0.181

Effect of slot gap g
1 2.26 5.19 0.49 0.64 0.17 0.22
2 2.41 5.20 0.54 0.61 0.20 0.21
3 2.55 5.22 0.60 0.57 0.21 0.20
4 2.68 5.24 0.65 0.54 0.23 0.20
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Figure 3. Changes in fL and fH for C2¼ 0.5 pF and C1 is a parameter.
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2.3. Effect of the slot-gap (g)

Our investigation on CST EM-simulator (CST Microwave Studio 2008) has further shown

that fL decreases on decreasing the slot-gap g. However, it has insignificant effect on fH.

These findings are shown Table 1. Therefore, g could be selected to get the lower IEEE

802.11b band without disturbing the upper IEEE 802.11a band determined by the location

of C2. Table 1 further shows that the bandwidths of lower bands decrease a little, while for

the upper band the bandwidths increase a little, for a narrower slot-gap.

3. Design of dual-band bandstop filter and circuit model

The capacitors C1 and C2 are selected with the help of the design graphs shown in Figure 4.

Figure 4(a) and (b) show the variation in fL and fH with respect to the capacitor C1, while

capacitor C2 is a parameter. The differential variation in both resonance frequencies is

obvious for the identical variation in the capacitance. Figure 4(a) is used to obtain the

values of capacitors C1 and C2 from the lower band frequency fL, which is known from

specification of the filter. The values of C1 and C2 should also satisfy specification on the

higher band rejection frequency fH shown in Figure 4(b).The combination of C1 and C2 are

selected for sharp high-Q resonances. For various combinations, sharp high-Q resonances

are tested on the EM-simulator. The graphical design of DBSF is illustrated for three cases

– case #1, 2.4/5.2GHz and case #2, 2.0/4.1GHz and case #3, 2.4/5.2GHz. First, the filters

are designed on substrate with "r ¼ 3:38, h ¼ 0:831mm. In order to establish confidence in

the design process, the third filter is designed on substrate with "r ¼ 10:2, h ¼ 0:831mm.

The design steps are as follows:
First, we compute the size of the DGS slot from the lower frequency of the DBSF. For

case #1, 2.4/5.2GHz band, we up-scale the lower frequency by a factor of 2.5 and compute

the size of the slot with help of Equations (1a)–(c). We also estimate the up-scaled upper

frequency by Equation (1d). The computed DGS slot in 50 V microstrip is simulated on

the EM-simulator to get two correct sharp resonances. Figure 5(a) shows both up-scaled

resonance frequencies. We may have to tune the slot size a bit to get sharp resonances.
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Figure 4. Design graphs for computing C1 and C2. (a): Known lower band frequency, fL; (b) Known
upper band frequency, fH.
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Next, we pull down both lower and upper band frequencies with the help of the

capacitors C2 and C1 in the range of the required two bands. For this purpose we mark

2.4GHz on the vertical frequency axis of Figure 4(a) and draw a line parallel to the

horizontal C1 axis. We get three pairs of solutions for (C1, C2) in pF as (0.3, 0.9), (0.5, 0.7)

and (0.7, 0.5). The values of (C1, C2) should also provide 5.2GHz from Figure 4(b).The

values of (C1, C2) should also provide high-Q sharp resonances for both the lower and

upper bands. To meet these requirements, we select value (0.5, 0.7) pF for (C1, C2). It

provides approximate resonances 2.36/5.06GHz, in the needed bands. The results are

shown in Figure 5(b).
Finally, using the EM-simulator, the correct upper band frequency is obtained at

5.2GHz by locating two C2 capacitors at Sh¼�0.5mm below the centre line. The slot-gap

g is adjusted at 3mm to get the correct lower band frequency. Sometimes, on selecting the

slot-gap g to fix the needed lower band frequency fL, there may be some shifting in the

upper band frequency fH. The correct fH can be obtained by relocating the position of two

capacitors C2.
For case #2, we get (C1, C2) as (1, 0.9) pF. Figure 6(a) shows 1.93/4.02GHz resonances.

For C2 location (Sh¼ 0mm) and slot-gap (g¼ 2mm), we finally obtain the needed

2.0/4.1GHz bands. Likewise, for the case #3, using the substrate "r ¼ 10:2, h ¼ 0:831mm,

we get slot dimensions d1¼ 3.88mm, d2¼ 4.56, s¼ 1mm, for the up-scaled frequencies

6/14.9GHz. Final 2.4/5.2GHz rejections are obtained for C1¼ 0.4 pF, C2¼ 0.7 pF

g¼ 1.5mm, Sh¼þ0.5mm. Figure 6(b) shows the simulated results.
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Figure 5. Up-scaled and down-scaled (2.4/5.2GHz) resonance frequencies using EM-simulator
(EM) and Circuit model (CM). (a) Up-scaled resonance frequencies of DBSF; (b) 2.4/5.2GHz DBSF
(C1¼ 0.5 pF, C2¼ 0.7 pF). Substrate: "r ¼ 3:38, h ¼ 0:831mm.
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Figure 6. EM simulator (EM) and circuit model (CM) response for 2.4/5.2GHz and 1.93/4.02GHz
filter filters. (a): 1.93/4.02GHz DBSF, (C1¼ 0.1 pF, C2¼ 0.9 pF "r ¼ 10:2, h ¼ 0:831mm; (b)
2.4/5.2GHz DBSF, (C1¼ 0.4 pF, C2¼ 0.7 pF), "r ¼ 3:38, h ¼ 0:831mm.
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Figure 7(a) and (b) show the circuit models of the present dual-band

bandstop filters without capacitors and with loading capacitors respectively. The

component values (CL,LL) and (CH,LH) for lower and upper frequencies, respectively,

are obtained from the following expression (Abdel-Rahman, Verma, Boutejdar, and

Omar 2004):

Ck ¼
5fc,k

� f 20,k � f 2c,k

� � pF ðaÞ, Lk ¼
250

Ck �f0,k
� �2 nH ðbÞ, where k ¼ L,H ð2Þ

Normally, the above expressions are used for the single resonance. However, we have

adopted it for dual resonances. Thus f0,k is the pole frequency of both the lower ( fL) and

upper ( fH) resonances and fc,k is the 3 dB cut-off frequency associated with both the

resonances.
Once the DGS slot is loaded with capacitors, both resonance frequencies are reduced.

We have to add shunt capacitors C1 and C3 with resonators as shown in Figure 7(b).

However, addition of the parallel capacitors also disturbs the fields in the slot region. It is

accounted for by introducing the coupling capacitor C02in the model. In Figure 7(b) C1 is

the loading capacitor and the capacitors C02and C3 are related to another loading capacitor

C2 as follows:

C02 ¼ 2C2 ðaÞ

C3 � 7C02 ðbÞ
ð3Þ

Table 2 shows the values of these capacitors for three cases. Figures 5 and 6 compare the

accuracy of the circuit model for three cases against the results of the EM-simulator. The

results from both the sources are almost identical.

(a) (b)

C’2 

LL LHL

CL CH L

C1 C3 

LL 

CL

LH 

CH 

Figure 7. Circuit models of unloaded and capacitors loaded dual-band bandstop filter. (a) Unloaded
dual-band DGS slot; (b) capacitors loaded dual-band DGS slot.

Table 2. Element values of the circuit model for three cases.

Cases C1 pF C3 pF C02¼ 2C2 pF fL (GHz) fH (GHz)

1 0.50 4.83 1.44 2.41 5.20
2 0.90 8.51 1.90 2.42 5.22
3 0.45 4.97 0.90 2.575 5.75
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Figure 8. Photographs of top and bottom views of the fabricated filter.
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Figure 9. Measured (solid) and simulated (dashed) response of the dual band filter.

Table 3. Effect of back shield on resonance frequencies.

H (mm) fL (GHz) fH(GHz)

1 2.400 5.195
2 2.364 5.172
3 2.353 5.166
4 2.331 5.161
No back shield 2.320 5.15
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4. Fabrication and experimental results of proposed dual-band

4.1. Bandstop filter

The DBSF of case #1 suppresses the WLAN IEEE 802.11 a/b bands. The filter dimensions
are d1¼ 6mm, d2¼ 6.75mm, g¼ 2mm, and the slot width is 1mm. The loading capacitors
are C1¼ 0.5 pF and C2¼ 0.7 pF. The filter is simulated, fabricated and measured. Figure 8
shows the photographs of the fabricated structure. Figure 9 shows the simulated and
measured results of the filter. The simulated lower and upper bands are 2.37GHz and
5.19GHz; while the measured ones are 2.32GHz and 5.15GHz. The simulated lower
and upper band rejections are 41 dB and 32 dB, respectively; whereas the measured lower
and upper bands rejections are better than 36 dB and 25 dB, respectively. The measured
insertion loss, between the two stopbands, is 0.2 dB.

From the packaging point of view, we have further examined experimentally the effect
of back shield, facing the slot, on both the resonance frequencies. The back shield also
controls the radiation from the slot. The results are summarised in Table 3. We note only a
small change, 100MHz and 45MHz, in fL and fH, respectively. For the shield height (H)
above 6mm there is no change in the resonance frequencies. We have also noted that
bandwidths are nearly unchanged. The position of the shield can be used to tune both the
frequency within 100 MHz and 45MHz for fL and fH, respectively. In the present design,
the intended WLAN bands – 2.4GHz/5.2GHz are achieved by the use of the shield at
1mm from the substrate. However, Table 4 further examines the effect of the slot-width s
on bandwidths and loaded Q-factors. We note that the slot width could be used to control
the bandwidth loaded Q-factor, rejection attenuation and sharpness of both resonances.
However, 1.0mm slot-width is a satisfactory choice. It is further confirmed by comparison
of performances of our DBSF against some of the available filters as shown in Table 5.
Our compact filter has better performance in respect of insertion loss (IL), simultaneous
high rejection for both bands and their high Q-factors. The filter of Chin and Lung (2009)
has better rejections; but the size of filter is large.

5. Conclusion

A single pole compact dual-band bandstop filter using the capacitor loaded DGS slot is
presented. The design is based on a new concept of differential tuning to get two
nonharmonically connected stopbands. A systematic graphical design process of a dual-

Table 5. Comparison of our filter against available DBSF.

Ref No.

Lower/upper
resonance
freq. (GHz)

Lower/upper
3 dB

BW (GHz)

Lower/
upper
QL/QU

I.L.
(dB)

Attenuation
at fL/fU
(dB)

Area
(mm2)

Woo and Lee 2005 3.00/4.50 0.60/0.35 5.0/12.85 0.9 18/15 24.96
Chin et al. 2007 1.57/3.16 0.84/0.76 1.87/4.16 0.9 46/45 666.4
Xiao and Zhu 2011 1.89/5.69 0.69/0.55 2.74/10.35 0.7 26/14 36.00
Attaran Kakhki
and Neshati 2011

4.02/5.12 0.69/0.46 5.83/11.14 0.5 34/34 36.00

Hu 2009 2.52/5.35 0.28/0.10 9.14/53.50 0.8 33/16 39.06
Chin and Lung 2009 2.35/5.58 0.97/1.00 2.42/5.580 0.6 45/38 1600
Ours 2.40/5.20 0.15/0.25 16.0/22.00 0.2 35/25 40.50
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band bandstop filter is given that is applicable to both the low and high permittivity
substrates. The stopbands 2.32GHz and 5.15GHz are suppressed by 36 dB and 25 dB,
respectively, with 0.2 dB insertion loss for the passband between the two stopbands. A
circuit model for the dual-band bandstop filter is also presented.
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