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soldered connector, which is about 12%, over five times larger

as that in [6].

Measured gain of the proposed antenna using side soldered

connector is shown in Figure 4, which agrees with the simulated

result well in tendency. The peak gain is generated at near

10 GHz, where the resonances from the slots and patch both

contribute to the radiation. After 10 GHz, radiation efficiency

drops quickly due to only the patch radiating energy and beyond

its operating frequency points.

Figure 5 shows the measured radiation pattern of the fabri-

cated antenna using sider soldered connector in two orthogonal

cut planes at 9.8, 10.0, and 10.2 GHz. It is found that a right

hand circular polarization wave is generated.

4. CONCLUSION

We presented a new feeding transition method, namely stripline

to SIW, for CP antenna design in this article. This feeding tran-

sition introduced several CP generations simultaneously to meli-

orate the AR bandwidth. By tuning the T-shape feeding line, we

can make all of the modes couple each other properly. The

design process for the proposed antenna is provided and the pro-

totype of the recommended antenna is fabricated and measured.

The experimental results demonstrated that the AR bandwidth is

improved significantly to 12% compared with that in the pub-

lished antennas.
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ABSTRACT: In this article, a design methodology and equations
necessary for a second-order absorptive, reflective-type, transmission

zero notch filter are introduced, derived, and described in detail.
Initially, a single (first order), absorptive, reflective-type transmission
zero notch filter is described. Based on this, improvements to the

first-order reflective-type notch filter are discussed and a novel cir-
cuit that achieves a second-order absorptive, reflective-type, transmis-

sion zero notch response is proposed. The necessary conditions for
the achievement of the second-order absorptive, reflective-type, trans-
mission zero from the proposed circuit are derived. As an experi-

mental verification, first- and second-order absorptive, reflective-type,
transmission zero circuits are fabricated and their performance

measured. It is shown that the first-order notch circuit introduces a
zero into the response of a main filter with a depth of over 12 dB
in the frequency range 2.19–2.27 GHz, while the second-order notch

circuit introduces a transmission zero with a depth of over 20 dB
GHz, in the same frequency range as its first-order counterpart.
VC 2014 Wiley Periodicals, Inc. Microwave Opt Technol Lett

56:2542–2545, 2014; View this article online at

wileyonlinelibrary.com. DOI 10.1002/mop.28632

Key words: filters; microstrip line; transmission zero; 3-dB coupler

1. INTRODUCTION

Filters are omnipresent in virtually all communication systems.

They are widely used in radar systems, point-to-point radio,

earth stations, base stations, and repeaters. Even though the fun-

damental principles of filter theory have been known for a con-

siderable time, practical filter design still draws a great deal of

attention from RF engineers and academia.

However, one type of filtering solutions remains relatively

unexplored and somewhat overlooked, especially for use in

modern communication systems. The idea of absorptive filtering

or leaky wall filtering was first introduced in [1], and was

implemented using waveguide components. In general, absorp-

tive filtering achieves attenuation by absorption, rather than

reflection of the incident, travelling wave. In its simplest form,

a leaky wall filter comprises simply of a cascade of slots in a

rectangular [2] or coaxial [3] waveguide, which couple to a sin-

gle auxiliary waveguide with absorptive end-loads. In view of

this, the requirement for a highly selective absorptive filter,

directly translates to the requirement of a highly selective notch
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filter, suitably coupled to the main filter. For the purpose of a

notch filter, a reflective-type variant is particularly suitable

when very low reflections are desired.

One such example is presented in [4]. The embodiment of

this approach is shown in Figure 1. In this realization, a trans-

mission zero is introduced into the response of filter f1 by a

notch filter structure that consists of a 3-dB coupler and filters

f2. The depth and width of the introduced first-order transmis-

sion zero is proportional to the reflection characteristics of fil-

ters f2. The order of the transmission zero introduced in this

way can be doubled by a cascade connection of two structures

of Figure 1, however, such an arrangement will incur a high

insertion loss, due to the presence of an extra 3-dB coupler and

the interconnecting microstrip line between the two 3-dB

couplers.

In this article, the circuit that enables the doubling of the

order of a transmission zero in the reflective-type, absorptive

configuration without increasing the number of 3-dB couplers is

examined in detail. In particular, Section 2 describes the neces-

sary theory and analysis of such a second-order, absorptive,

reflective-type transmission zero notch filter, whereas Section 3

presents the experimental results.

2. THEORY AND ANALYSIS

The absorptive filter with a reflective-type configuration that

enables a first-order transmission zero is presented in Figure 1.

The operational principle is relatively simple. Pass-bands of fil-

ters f1 and f2 are arranged so the stop-band of filter f1 overlaps

with the pass-band of filter f2. In this way, the signal existing in

the stop-band of filter f1 is greatly absorbed by parasitics of fil-

ters f2 and terminating resistors R. Under the assumption of an

ideal 3-dB coupler, the expressions for the reflection and trans-

mission coefficients become [5]:

S1150:5ðC12C2Þ and S2152j0:5ðC11C2Þ (1)

If the reflective loads are the same, that is, C15C25C, it fol-

lows that S1150 and S2152jC, that is, the reflection coefficient

of filters f2 now becomes the transmission coefficient of the

overall absorptive filter. This result has the following two impli-

cations: first, filters f2 can be lossy as it is their matching char-

acteristic that influences the depth of the transmission zero, and

second, due to the overlapping of the respective stop-band and

pass-band of filters f1 and f2 and the fact that the incident signal

power in the pass-band of filters f2 is much lower than the inci-

dent signal power in the pass-band of filter f1, filters f2 can

have a lower power rating, inferring the use of a low cost

technology.

The depth of the first-order transmission zero introduced in

this way is limited by the achievable impedance matching. Usu-

ally, an impedance matching between 10 and 15 dB is consid-

ered satisfactory in most cases. A better impedance match is

usually more difficult to obtain, as it places stringent require-

ments on the tolerance of the components. Therefore, with refer-

ence to Figure 1, if a transmission zero deeper than 10–15 dB is

required, an alternative solution to improved impedance match-

ing needs to be sought, if lower tolerance components are to be

used. As elaborated earlier, the replication of the notch circuits

will inevitably double the depth of the introduced transmission

zero, however, it will also increase the insertion loss.

A second-order transmission zero can be achieved with a

reflective circuit of Figure 2 and 3 [6]. The reflective circuit

consists of filters f2 and lumped elements, X1 and X2, with input

impedance, Zin, given by

Zin5
2Z322ZX1X21ZðX11X2Þ2

4Z21ðX11X2Þ2
1j
ðX11X2ÞðX1X21Z2Þ

4Z21ðX11X2Þ2

" #
(2)

First, it is necessary to impose the condition that the imagi-

nary part of the input impedance is equal to zero, Im ðZinÞ50 so

that the input impedance is purely real. Solving Im ðZinÞ50

yields the following relationship:

Z252X1X2 or X152X2 (3)

Using the latter substitution, as it results in a reduced form

of the real part of the input impedance, one obtains

C5
Zin2Z0

Zin1Z0

5
Z21Zð22Z0Þ1X2

1

Z21Zð2Z0Þ1X2
1

(4)

Figure 1 Simple absorptive filter with a first-order broadband trans-

mission zero

Figure 2 Absorptive filter with a second-order broadband transmission

zero.

DOI 10.1002/mop MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 56, No. 11, November 2014 2543



The second-order transmission zero is found from the condi-

tion that C50, which yields

Z1;25
2Z06

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4Z2

024X2
1

p
2

(5)

The necessary condition for a second-order zero is achieved

by requiring that the discriminant is equal to zero, which yields

the value for the lumped element X1, that is, X1 5 Z0. Once this

condition is satisfied, a second-order zero is achieved at:

Z1;25Z0 (6)

And (4) can be rewritten as:

C5
ðZ2Z0ÞðZ2Z0Þ
ðZ1Z0ÞðZ1Z0Þ

(7)

In this way, a second-order zero is achieved if the lumped

elements are chosen in this fashion

Z56X157X25Z0 (8)

that is, the lumped elements have the reactances which magni-

tudes are equal to the characteristic impedance of the intercon-

necting lines, but of opposite signs.

3. RESULTS

To test the theory presented in the previous section, two

absorptive filters were built. For this purpose, a filter from

CTS, CER0367A, [7] is used as filter f1. According to manu-

facturer’s data, the filter exhibits a pass-band between 2.4 and

2.5 GHz. As filter f2, an in-house made, seventh-order micro-

strip combine Chebyshev filter fabricated on a Roger Duroid

TMM3 [8] substrate was used. This filter was made to operate

in the frequency range between 2.19 and 2.27 GHz. The meas-

ured reflection coefficients of filters f1 and f2 are presented in

Figure 4. The complete first- and second-order, transmission

zero absorptive filters, are presented in Figures 5 and 6. As a

3-dB coupler, a quadrature surface mount hybrid coupler from

Anaren [9], 1P603S, is used. This device operates across the

frequency range of 2.3 to 2.7 GHz, with a maximum insertion

loss of 0.3 dB. The values of the lumped inductor and capaci-

tor necessary for the achievement of double transmission zero

response were obtained using (8), to yield C51:43 pF and

L53:58 nH, which, due to commercial availability of lumped

element values were approximated by C51:3 pF and L53:6 nH.

The measured transmission coefficients of the CTS

Figure 3 Reflective circuit of absorptive filter with a second-order

broadband transmission zero

Figure 4 Reflection coefficient of (a) seventh-order in-house made

Chebyshev filter and (b) CTS filter (CER0367A)

Figure 5 Photograph of a complete, absorptive filter with a first-order

broadband transmission zero. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]

Figure 6 Photograph of a complete, absorptive filter with a second-

order broadband transmission zero. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com]
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(CER0367A) filter and the absorptive filters of Figures 5 and 6

are given in Figure 7.

As evident from these figures, the first-order transmission zero

circuit has introduced a transmission zero into the response of the

main filter that is, CTS with a minimum depth of 12 dB in the

frequency range of 2.19–2.27 GHz compared to the case of the

CTS filter alone. The introduction of the single transmission zero

has come at the expense of worsening the insertion loss in the

pass-band of filter f1 by 0.6 dB. This is contrasted by the second-

order transmission zero of the circuit of Figure 6, which has fur-

ther increased the depth of the transmission zero introduced by the

circuit of Figure 5, so that the depth of the transmission zero in

this case is over 20 dB in the frequency range of 2.19–2.27 GHz,

when compared to the case of the CTS filter alone. It is believed

that the depth of the transmission zero in this case can be further

increased by a more careful choice of the lumped elements. Com-

pared to the single transmission zero case, the insertion loss has

been increased by 0.5 dB in the double transmission zero case.

4. CONCLUSION

In this article, a novel reflective-type circuit that enables the

introduction of a second-order absorptive, transmission zero,

notch filter response is presented. The equations governing the

operation of the proposed circuit are also derived, so as to estab-

lish the potential of the proposed technique. The fabricated cir-

cuit offers a second-order transmission zero with a depth of

over 20 dB in the frequency range of 2.19–2.27 GHz.
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ABSTRACT: A novel multiband loaded trapezoidal ring fractal antenna
(TRFA) is proposed for wireless local area network (WLAN) and world-

wide interoperability for microwave access (WiMAX) applications. The
self-similarity property is applied to the trapezoidal structure and the
fractal geometry is achieved by consecutive iterations. The proposed

antenna has a compact size of 30 3 30 3 1.6 mm3. The antenna is fab-
ricated and tested. The fourth iteration of the proposed TRFA covers the

2.4/5.2/5.8 GHz WLAN bands and 2.5/3.5/5.5 GHz WiMAX bands with
uniform radiation characteristics and an average gain of 2.20 dBi.
VC 2014 Wiley Periodicals, Inc. Microwave Opt Technol Lett 56:2545–

2548, 2014; View this article online at wileyonlinelibrary.com. DOI

10.1002/mop.28631

Key words: fractal antenna; multiband; self similar; WiMAX; WLAN

1. INTRODUCTION

The rapid growth in wireless communication demands for low

cost, miniaturization, and compact multiband antennas. Multi-

band operation is one of the most important requirement for

designing antennas used for multiple wireless communication

systems, such as wireless local area network (WLAN) 2.4–

2.484 GHz (specified by IEEE 802.11b/g) and 5.15–5.35/5.75–

5.825 GHz (specified by IEEE 802.11a) and worldwide intero-

perability for microwave access (WiMAX) 2.5–2.69 GHz, 3.4–

3.69 GHz bands (specified by IEEE 802.16e) and 5.25–

5.85 GHz [1, 2]. In addition, the technologies like 2.4 GHz

Bluetooth communication, WiFi (2.4–2.484 and 5.15–

5.35 GHz), and RFID Tag Antenna (2.45GHz and 5.8GHz) also

have great demands for compact multiband antenna systems.

The design method of multiband antennas involves various

developed techniques. A multiband antenna can be obtained

using multiresonators, defected ground plane structures, notched

frequency bands, and fractal geometry techniques [2]. Fractal

antennas are very compact, multiband or wideband and have

useful applications in wireless communications. Recent studies

proved that fractal antennas are more promising to satisfy the

demands of multiband antenna systems [3, 4]. The space-filling

and self-similar characteristics are the major key concepts

behind the evolution of fractal antennas [5]. Several fractal geo-

metries namely Minkowski, Sierpinski, Koch, and Hilbert geo-

metries are successfully experimented for multiband applications

[3–5]. In [6], a square-nested fractal antenna is designed by

incorporating a series of similar square loops to cover the four

bands of WLAN/WiMAX systems but with a larger antenna

size. A compact microstrip-fed parasitic coupled ring fractal

monopole antenna with semielliptical ground plane is presented

for WLAN and WiFi applications [7]. In [8], fractal structures

are used as radiating elements for the triband RFID reader/tag

antenna with a larger size.

In several research articles, numerous fractal antennas are

studied for multiband wireless communications [2–9]. Even

though several wideband antennas have been designed to cover

all the WLAN/WiMAX bands [1, 10], the multiband antennas

Figure 7 Transmission coefficient of (a) CTS CER0367A filter alone,

(b) complete absorptive filter with first-order broadband transmission

zero, and (c) complete absorptive filter with second-order broadband

transmission zero
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