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ABSTRACT: In this letter, a compact passband filter with dual desirable attenuation narrow bands is developed for ultra-wideband ap-
plication. Indeed, a grounded stepped impedance resonator in defected microstrip structure (GSIR-DMS) is realized with a specified
high-pass cutoff frequency of (fGSIR). Next, two cells of the designed GSIR-DMSs are cascaded to perform the proposed ultrawide
passband filter. In addition, four λg/4 open-circuited stubs are inserted beside the GSIR-DMSs to create two transmission zeros (TZs)
and improve the filter rejection performance. In order to suppress interference with some expected network channels, two desirable λg/4
short-circuited microstrip stubs are implemented and coupled to the body of the UWB filter. Finally, the filter is constructed, simulated,
and measured using a Rogers-ceramic RO4360 substrate with a permittivity of εr = 6.15 and a thickness of h = 1.016mm. The filter
responses from measurement and simulation are compared and discussed. The produced filter is very small covering circuit area of about
(0.433λg × 0.244λg) excluding the feeding ports.

1. INTRODUCTION

In 2002, the ultra-wideband (UWB) unlicensed frequency
range 3.1 to 10.6GHz with a low power transmission of

−41 dBm was defined and released by the Federal Communi-
cation Commission (FCC) for commercial communication ap-
plication [1]. Since then, many UWB filters have been de-
signed and developed using different techniques and structures
to achieve the FCC regulation with high characteristic speci-
fications such as compactness, low insertion loss, high selec-
tivity, and wide stopband rejection [2–10]. Filters with com-
pact size are very well constructed in [2] using multilayered
grounded E-shaped microstrip structure. Also, highly compact
filters with ultra-broadband responses are deeply studied and
implemented based on a hybrid of tapered/DGS in [3] and us-
ing queen-mode resonator in [4]. In order to enhance the fil-
tering characteristic performance, [5–7] propose UWB filters
with wide-stopband characteristic based on substrate integrated
defected ground structure (DGS), superconducting quintuple-
mode resonator, and a free via-hole multimode resonator re-
spectively. Moreover, highly selective UWB filters [8–10] are
also investigated and improved following different techniques.
To eliminate the possible interference of some wireless net-
work signals, UWB filters are developedwith notched band fre-
quency response [11–16]. By adding two strip lines, a compos-
ite right/left handed UWB filter is realized with dual notched
band [11]. Following multilayer microstrip technology, the de-
velopment of dual- and quad-notched UWB filters is achieved
in [12]. In another technique, [13–15] create two transmission
zeros using a folded split ring resonator coupled to the feed line
of a UWB filter. In addition, [16] finds that a folded split ring
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DGS is a good solution to generate two rejection bands inside
the UWB filtering response.
In this article, a dual notched band UWB filter is designed

and realized based on λg/4GSIR in DMS. The UWB bandpass
filter (BPF) is formed by cascading two cells of GSIR-DMSs.
To improve the filter rejection performance, two transmission
zeros are generated meeting the resonance condition of the two
cells λg/4 open-circuited stubs added beside the GSIR-DMSs.
Finally, this filter is developed with independent dual-notched
band. To this end, a prototype of the proposed filter is manu-
factured, and its filtering responses is measured and compared
with simulation results.

2. BASIC UWB BPF BASED ON DMS
The conductor layout of the suggested UWB BPF is denoted
in Figure 1(a). The filter structure consists of two cells of
grounded stepped impedance resonator designed in a defected
microstrip structure (Figure 1(b)). Also the filter layout shows
that there are four quarter-wavelength open circuit stubs around
the GSIRs. Following the design principles in [17], the circuit
of the GSIR-DMS (Figure 1(b)) is realized, and its input admit-
tance is calculated as:

Yin = Y1
jY1 tan θ1 − jY2 cot θ2
Y1 + Y2 cot θ2 tan θ1

(1)

Let Yin = 0, then the resonance condition can be defined as:

tan θ1 tan θ2 =
Y2

Y1
(2)

θT = (θ1 + θ2) (3)

where Y2/Y1 and θ are the admittance ratio and the electric
length of the proposed GSIR-DMS. To this end and for the
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(a) (b)

FIGURE 1. (a) Conductor pattern of the DMS UWB bandpass filter, and (a) Circuit of the GSIR-DMS.

FIGURE 2. Frequency characteristic performance of the GSIR-DMS, Figure 1(b), in which ℓ1 = 1.7mm, W1 = 0.3mm, ℓ2 = 1.8mm, W2 =
0.7mm, ℓ3 = 2.7mm,W3 = 0.5mm, ℓ4 = 435mm,W4 = 0.3mm, andWP = 1.37mm.

(a)

(b)

FIGURE 3. (a) Conductor pattern of the two-port GSIR-DMS with physical dimension as stated in Figure 2, and (b) its filtering response.

purposes of this work, a GSIR-DMS is realized with a high-
pass cutoff frequency fGSIR = 2.58GHz. Using a substrate
with a relative permittivity of εr = 6.15 and a thickness of
h = 1.016mm, the GSIR-DMS physical dimensions are com-
puted, and its frequency characteristic is obtained in Figure 2.
Obviously, the proposed structure can generate the desired res-
onance frequency. Connecting the proposed GSIR-DMS as a
two-port network (Figure 3(a)), the filtering response of the
structure is examined, and its result is reported in Figure 3(b).
It is clear that the GSIR-DMS can provide a high-pass filtering
behavior with a cutoff frequency close to fGSIR.

Next, two of the designed GSRI-DMSs are cascaded and
simulated to improve the expected UWB passband response
(Figure 4(a)). The simulated S-parameter, Figure 4(b), shows
that the introduced structure offers a bandwidth of 7.697GHz
with a poor upper rejection band. Note that these results are
studied with a different WC value of 0.6–0.3mm in which
WC = 0.3mm gives the best return loss. For the purposes of
upper rejection band enhancement, two transmission zeros are
created and coupled at 13GHz and 14.5GHz meeting the res-
onance frequency condition of the quarter-wave length open-
circuited stubs. The physical dimensions and responses of the
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(a)

(b)

FIGURE 4. (a) Conductor pattern of two cascaded GSIR-DMSs, and (b) Its insertion and return losses with variableWC values.

(a) (b)

FIGURE 5. The UWBGSIR-DMS filter with four λg/4 open-circuited stubs designed at (a) 13GHzmeeting the physical dimensions of ℓ5 = 2.7mm,
W5 = 0.2mm, and g = 0.25mm, and (b) 14.5GHz meeting the physical dimension ℓ6 = 24mmW5 = 0.2mm, and g = 0.25mm.

TABLE 1. Physical dimensions of the GSIR-DMS UWB BPF, Figure 1(a).

Substrate Lengths (mm) Widths & Gaps (mm)
Rogers Ceramic RO4360

Dielectric constant
εr = 6.15

Thickness h = 1.016mm

ℓ1 = 1.7, ℓ2 = 1.8,
ℓ3 = 2.7, ℓ4 = 4.35,
ℓ5 = 2.7, ℓ6 = 2.4

W1 = 0.3,W2 = 0.7,W3 = 0.5,
W4 = 0.3,W5 = 0.2,WC = 0.3,

WP = 1.37, g = 0.25.

filter with upper transmission zeros (13/14.5GHz) are illus-
trated in Figures 5(a) and (b), respectively. Consequently, four
desired λg/4 open-circuited defected microstrip stubs are de-
signed and inserted besides the GSIR-DMSs as shown in Fig-
ure 1(a). To verify the above concept, the produced UWB filter,
Table 1, is simulated, and its insertion and return losses are plot-
ted in Figure 6(a). From this figure, the filter offers a low in-

sertion loss about 0.06 dB around the center frequency 685GHz
and a return loss better than 20 dB. The upper rejection band is
very well improved with two coupled TZs. The group delay is
more or less 0.2 ns from 4.5GHz to 8.5GHz as shown in Fig-
ure 6(b). The filter has a compact size about 27mm2 excluding
the input/output ports.
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TABLE 2. A comparison between the proposed UWB filter and recently published works.

Ref. IL (dB)
Notches (GHz)/

Attenuation (dB)
Passband (GHz) RL (dB)

Circuit size

λg × λg

[11] > 1 4, 7/ > 14 3.07–10.64 > 10 0.4× 0.11

[13] 0.9 6.1, 8.1/ > 15.5 2.75–10.7 11 0.44× 0.33

[14] > 1 5.8, 8/ > 14 3.5–10.1 11 0.55× 0.75

[15] 0.6 6.8, 9.82/ > 26 3.52–11.68 18 0.41× 0.20

This work 0.4 5, 7/ > 27 2.9− 10.4 > 11 0.43 × 0.24

(a) (b)

FIGURE 6. (a) The filtering attitude of the GSIR-DMS UWB bandpass filter, (see the filter in Figure 1(a)), and (b) its simulated group delay.

3. UWB FILTER WITH DUAL ATTENUATION NARROW
BANDS
In Section 2, a new compact size UWBBPF with good filtering
response specification is realized using DMS of GSIR and four
parallel open circuited stubs. Due to the existence of the other
wireless network signals allocated within the UWB bandwidth,
the proposed filter is supported by two independent attenua-
tion bands to suppress the expected interference (Figure 7). As
shown in this figure, two λg/4 microstrip short-circuited stubs
are analyzed and coupled to the body of the UWB filter through
a coupling space S. In microwave principles, [17], the resonant
behavior of the λg/4microstrip short-circuited stub can be con-

FIGURE 7. The planar dual-notched GSIR-DMS UWB filter using two
λg/4 grounded microstrip stubs.

sidered as a parallel LC-resonator. Based on coupling mecha-
nism [18], the λg/4 grounded microstrip stub is transformed
to a series resonant circuit between the input/output ports and
the ground, producing a notch band. To examine the devel-
oped multi-notched UWB filter, Figure 7, two λg/4 grounded
microstrip stubs are designed and coupled in which their phys-
ical dimensions and coupling distances are calculated to gen-
erate notch-1 at 5GHz and notch-2 at 7GHz. The simulated
responses, Figure 8, show that the proposed technique can pro-
vide good stopband performance of 15 dB attenuation with nar-
row bandwidth of 74MHz centered at 5GHz and 114MHz cen-
tered at 7GHz.
For experimental validation, the introduced multi-notched

UWB passband filter, Figure 7, is manufactured with very com-
pact size less than 56.5mm2 excluding the feeding ports Fig-
ure 9(a). In actual fact, a practical substrate of Rogers-Ceramic
RO4360 with a dielectric constant of 6.15 and a thickness of
h = 1.016mm does not exist. Therefore, a double-layer tech-
nology is adopted in this work to produce the required thick-
ness h = 1016mm using two substrates of (Rogers (USA) Ce-
ramic RO4360) with h = 0.508mm. Using Anritsu MS4642A
Vector Network Analyzer (VNA), the prototype is tested, and
its responses are obtained and compared with the simulated re-
sults (Figure 9(b)). This figure shows good matching between
the measured and simulated filtering results characterized by
S-parameters. Reading the comparison carefully, the experi-
mental filter offers a bandwidth from 2.9 to 10.4GHz with an
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(a) (b)

FIGURE 8. (a) The simulated insertion and return losses carried out from the dual-notched UWB GSIR-DMS filter, (see the filter in Figure 7), with
λg/4 short-circuited stubs physical dimensions of ℓ7 = 4.2mm, ℓ8 = 0.5mm, ℓ9 = 6.0mm ℓ10 = 0.8mm, ℓ11 = 0.4mm, W6 = 0.3mm, an
S = 0.2mm, and (b) Its group delay.

(a)

(b) (c)

FIGURE 9. (a) Manufactured specified GSIR-DMS UWB filter with dual-notched bands. (b) Its S parameters from simulation and measurement,
and (c) Its group delay.

insertion loss of less than 0.4 dB except the desired attenua-
tion bands. The measured response, Figure 9(b), shows that
the filter has two extremely narrow rejection bands from 5.14
to 5.29GHz at 5GHz and 6.867.15GHz at 7.0GHz with an at-
tenuation value of 15 dB. Also, the filter has good roll of skirt
selectivity with two favorite transmission zeros hence upper re-
jection band performance. The function of operation of the fil-
ter is also obtained through the group delay response as shown
in Figure 9(c). Clearly, the filter has flat passbands of 0.2 ns
group delay except the attenuated bands of 3 ns at 5GHz and
1.6 ns at 7GHz. In order to show the filter capability, a per-
formance comparison with some recently reported works are
summarized in Table 2.

4. CONCLUSION

A simple and virtual technique for producing two rejection
notches in the passband of a compact UWB filter was presented
in this article. In this technique two cells of GSIRs were real-
ized and cascaded in a defected microstrip structure. For up-
per stopband enhancement, four quarter-wavelength open stubs
were used and added to the filter structure. Moreover, two-
notched narrow bands were remarkably generated using short-
circuit stubs electrically coupled to the main filter. Finally, the
simulated filter was fabricated, measured, and its results were
compared and discussed. It is observed that the simulated and
measured responses were in good agreement, and the filter has
compact size.
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