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ABSTRACT: A planar compact bandstop filter (BSF) and a
miniaturized resonator structure are presented along with its analytical

equation to obtain resonance. The resonator is miniaturized by means of
a shorted-stub which is loaded to a closed-loop resonator. Design and

implementation of a 2.1 GHz BSF with 6% fractional bandwidth is
presented. VC 2011 Wiley Periodicals, Inc. Microwave Opt Technol Lett

53:2766–2768, 2011; View this article online at wileyonlinelibrary.com.
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1. INTRODUCTION

Recent advances in the field of modern RF/microwave commu-

nication systems have increased the demand for miniaturized

components. In RF and microwave systems, active devices, such

as oscillators and mixers, are systematically followed by band-

pass/bandstop filters to remove harmonics and other spurious

signals. On the other hand, microstrip filters have the advantages

of low-cost, low-weight, and ease of implementation. In this

context, numerous efforts have been conducted to reduce the

size of microstrip bandstop filters (BSF) [1–10].

Circuits with resonators coupled to main transmission line

(TL) are widely accepted for narrow band BSF. Figure 1(a)

and (b) shows two typical configurations [8]. In Figure 1(a)

the main TL is electrically coupled to half-wavelength open

resonators spaced a quarter guided wavelength, whereas in

Figure 1(b), the main TL is magnetically coupled with CLRs

spaced a quarter guided wavelength. Evidently, the size of

the resonator is very important for the size of the filter; in

this context miniaturized resonator are desired for compact

filters.

In this work, a bandstop filter is presented based on a new

miniaturized microstrip resonator which is eight times smaller

than a conventional closed loop resonator. Analytical equations

for the resonant frequency are presented. A 2.1 GHz filter with

6% fractional bandwidth is presented showing good agreement

between simulation and experimental results.

2. SHORTED-STUB LOADED RING RESONATOR

The proposed resonator and its equivalent circuit are shown in

Figure 2(a) and (b), respectively. The equivalent circuit of the

proposed resonator consists of two subcircuits. Subcircuit1 is a

two port network composed by two TLs with length L/2 con-

nected in parallel. Subcircuit2 is a grounded TL with length L/4
and impedance Z0.

The Y-parameter matrix of subcircuit1 is given in Eq. (1)

Y¼
�2j
Z0

cot 2h 2j
Z0
csc 2h
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where

h ¼ bL=4 (2)

and b is the propagation constant.

The input impedance looking into subcircuit2 is given in Eq.

(3)

Zs¼jZ0 tan b
L

4

� �
(3)

It is well-known that when a two-port network is loaded with

an impedance ZL at port2, then the input impedance looking into

port1 is given in Eq. (4)

Zinr¼ 1þ ZLY22
ZLðY11Y22 � Y12Y21Þ þ Y22

(4)

At resonance, the denominator of Zinr is equal to zero, which

gives Eq. (5)

ZL
2

Z0

� �2

þY22¼ 0 (5)

For the proposed resonator, ZL is the input impedance look-

ing into subcircuit2. Therefore, ZL ¼ Zs. Using Eqs. (1)–(3) to

solve (5) it can be found that resonance (fo) occurs when:

H¼ 0:42 radians ¼ 24 deg (6)

Based on Eq. (6) the proposed resonator may be readily

designed. On the other hand, the fundamental resonant fre-

quency is given by:

f0¼ 0:42

pL
2cffiffiffiffiffiffiffi
eeff

p (7)

where, c is the speed of the light in free space, eeff is the static

effective relative dielectric constant, and L is the length of the

ring resonator of subcircuit1.

Figure 1 Typical configuration for narrow-band stopfilters using (a)

half-wavelength and (b) closed loop resonators

Figure 2 Schematic of (a) proposed resonator and (b) equivalent

circuit
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3. A 3-POLE BANDSTOP FILTER

A 2.1-GHz resonator was designed using the RT-Duroid 6010

substrate (er ¼ 10.8 and h ¼ 1.27 mm). In Figure 3(a) dimen-

sions of the resonator are given. It can be seen that the area of

the proposed resonator is 0.0371k � 0.0371k (¼5.3 � 5.3

mm2). With the aid of an electromagnetic simulator the resonant

frequency was verified and the unloaded Q factor was calcu-

lated, giving a value of Qu ¼ 110. For comparison, in Figure

3(b), a 2.1 GHz conventional CLR was designed; occupying an

area of 0.105k � 0.105k (¼15 � 15 mm2) which is eight times

larger than the proposed resonator.

On the basis of the novel resonator, a three-pole (n ¼ 3)

Chebyshev bandstop with ripple of 0.01 dB is having a frac-

tional bandwidth FBW ¼ 6%. The design starts using the react-

ance slope parameter expression Eq. (8) suggested in Ref. 11

xi
Z0

¼ g0
gi XC FBW

(8)

where, gi is the ith element of low-pass prototype, Z0 ¼ 50 X,
Xc is the angular cutoff frequency, FBW is the fractional band-

width, and xi/Z0 is the normalized reactance slope parameter for

the ith resonator. In our design, FBW ¼ 0.06 which gives the

following low-pass prototype parameters: Xc ¼ 1 and g0 ¼ g4 ¼
1.0, g1 ¼ g3¼ 0.6292, and g2 ¼ 0.9703 therefore, x1/Z0 ¼
26.489, x2/Z0 ¼ 17.18, and x3/Z0 ¼ 26.489.

In order to extract the slope parameter from the filter layout,

full wave simulations are carried out where a resonator is

coupled to a 50 X transmission. Then, the spacing (s) between

the line and resonator are varied and normalized reactance is

obtained from Eq. (9).

xs
Z0

¼ f0
2 Df3dB

(9)

In Eq. (9) f0 and Df3 dB are the resonant frequency and the 3

dB bandwidth which are obtained from the S21 parameter. For

different spacings, a plot of normalized reactance versus the

spacing is obtained as shown in Figure 4 and then required spac-

ings are chosen. For our design, the required spacings are s1 ¼
s3 ¼ 0.230 mm and s2 ¼ 0.114 mm.

Finally, the filter is implemented, by cascading the three res-

onators by 90� 50 X TLs as shown in Figure 5(a). Simulated

scattering parameters of the BSF filter are shown in Figure 5(b)

and (c). From this figure, it can be observed that the central fre-

quency is 2.1 GHz, the attenuation in the stopband is better than

25 dB, and the bandwidth is 6%.

4. EXPERIMENTAL RESULTS

Figure 6(a) shows the photograph of the fabricated microstrip

bandstop filter. Measurements were performed using the Agilent

PNA Series microwave Vector Network Analyzer (E8361A).

Measured results of the filter are illustrated in Figure 6(b) and

(c). The central frequency is 2.1 GHz and the measured band-

width is 5%. It can be seen that the stopband attenuation is bet-

ter than 25 dB.

5. CONCLUSION

In this work, a novel compact microwave band stop filter at 2.1

GHz with 6% fractional bandwidth was proposed. The filter is

based on a new miniaturized microstrip resonator which is eight

times smaller than a conventional closed loop resonator. Analyt-

ical equations for the resonant frequency were presented. More-

over, a three-pole Chebyshev bandstop filter was realized and

measured which shows good agreement between simulations

and experiments.

Figure 3 (a) Proposed resonator and (b) CLR resonator designed at

2.1 GHz

Figure 4 Normalized reactance versus spacing

Figure 5 (a) Proposed three-pole miniaturized BSF, (b) simulated S21,

and (c) simulated S11

Figure 6 (a) Photograph of the fabricated microstrip bandstop filter,

(b) measured S21, and (c) measured S11. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com]
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ABSTRACT: A novel and simple design of a coplanar waveguide-fed

folded dual monopole antenna with dual-band frequency operation for a
wireless local area network (WLAN) application is proposed. The
obtained impedance bandwidths reach about 37.3% for the 2.4 GHz and

15.5% for the 5.8 GHz band, meeting the required bandwidth
specifications of the IEEE 802.11a/b/g standards. The peak antenna

gains for the operating frequencies across dual WLAN bands are
measured to be 6.30 and 5.16 dBi, respectively.VC 2011 Wiley

Periodicals, Inc. Microwave Opt Technol Lett 53:2768–2770, 2011; View

this article online at wileyonlinelibrary.com. DOI 10.1002/mop.26428
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1. INTRODUCTION

Dual and multifrequency band operation of antennas has

received much attention due to the tremendous growth in wire-

less communication technology. Wireless local area network

(WLAN) is an important application of wireless communication

technology that takes advantage of license-free industrial, scien-

tific, and medical bands and especially for the IEEE 802.11a/b/g

WLAN standards in the 2.4 GHz (2400–2484 MHz), 5.2 GHz

(5150–5350 MHz), and 5.8 GHz (5725–5825 MHz) band [1–3].

Developing efficient dual-band antennas is essential to the

integration of these bands for use in one device. The printed

monopole antenna is a good candidate for wireless communica-

tion due to its simple structure, omni-directional radiation char-

acteristic, low profile, and being lightweight [4–6].

This letter proposes a folded dual monopole antenna with

good radiation characteristics to enhance the bandwidths to

cover all the 2.4/5.2/5.8-GHz WLAN bands. The proposed

antenna comprises two symmetric strip arms of planar monopole

elements with identical dimensions. The details of the antenna

design are described, and the prototypes of the proposed monop-

ole antenna for WLAN operation in the 2.4 and 5.8 GHz are

presented and discussed.

2. ANTENNA DESIGN

Figure 1 shows the geometry of the proposed coplanar wave-

guide (CPW)-fed dual monopole antenna to achieve dual band

frequency operation. The proposed antenna is fabricated on a

1.52-mm thick Teflon substrate of relative permittivity 3.5 and

loss tangent 0.0018. Two finite ground planes with the same

width GW and length GL, are situated symmetrically on each

side of the CPW feeding line. A CPW-fed line designed with a

fixed signal strip thickness w1 ¼ 3 mm and a gap distance of

g1 ¼ 0.2 between the single strip is selected for the CPW char-

acteristic impedance of 50 X. The antenna consists of symmetri-

cal strip lines that have a uniform width of 3 mm for the design

convenience.

The HFSS is used for the numerical analysis required, and to

obtain the appropriate geometrical parameters in Figure 1, to

investigate the performance of the proposed antenna

Figure 1 Geometry of the proposed antenna
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