The circular polarization can be easily obtained by changing the
length and width of the shorted stubs. The antenna is compact in
structure, as it consists of only a cylindrical DRA with radius of
4.5 mm and a substrate of 30 mm ⫻ 30 mm . Its measured
impedance bandwidth is about 6.8%, which is about 6 times wider
than that for the microstrip feed without stubs and 1.5 times wider
than the one using the microstrip with the unequal crossstub. The
measured minimum axial ratio is 0.8 dB, and the beam width is
164°. It is suitable for many movable terminals of satellite communications.
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Figure 5 Simulated and measured radiation patterns at 4.21 GHz: (a) x-z
plane and (b) y-z plane

LOG PERIODIC BANDSTOP FILTER
unequal crossstub [4]. The difference between simulated and measured frequency range is probably due to that there is an air gap
between the DRA and the substrate, which slightly lowers the
equivalent permittivity of the DRA, thus lead to an increasing of
frequency and expand the bandwidth [5]. The tolerance in the
dielectric constant of DRA and dimensions would also contribute
to the shift in the measured frequency.
Figure 4 shows the simulated and measured axial ratio against
frequency and angle. The simulated bandwidth (AR ⱕ 3 dB) of 53
MHz, covering the frequency range from 4.173 to 4.225 GHz is
obtained with the minimum AR of 0.25 dB at 4.195 GHz, whereas
the measured axial-ratio shows a little shift which covering the
frequency range from 4.187 to 4.237 GHz with the minimum AR
is 0.8 dB at the 4.21 GHz. Also, the axial ratio is found to be below
3 dB over a beam width of ⫾82° from the boresight.
Figure 5 displays simulated copolarization radiation patterns
and measured polarization radiation patterns of x-z and y-z planes
at 4.21 GHz, showing a ﬁne agreement. It is observed that broadside ﬁeld patterns are obtained, as expected. The antenna gain was
also studied. It is found that the measured antenna gain is 5.5 dBi
around f ⫽ 4.21 GHz.
3. CONCLUSIONS

A novel DRA element fed by the Y-shaped microstrip line to
realize the CP radiation with a wide bandwidth has been proposed.
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ABSTRACT: Most conventional transmission line ﬁlters are commensurate structures, with all elements that contribute to the ﬁlter performance of equal length. In this article, a structure is described that
makes use of a series of elements that vary in length and spacing according to a logarithmic function; this results in a series of transmission
zeros at real frequencies. It is shown that excellent ﬁltering performance
can be obtained from a relatively simple construction. © 2009 Wiley
Periodicals, Inc. Microwave Opt Technol Lett 51: 2418 –2420, 2009;
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1. INTRODUCTION

Conventionally, transmission line ﬁlters are based either on image
parameter design methods [1] or make use of design through
modern network theory [2]. These designs are commensurate line
networks, i.e., all elements are one-quarter wavelength long at the
centre frequency. The designs are based on Richards’ transform [3]
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Figure 1 Conﬁguration of the structure

that maps low-pass prototypes into bandstop structures, and highpass prototypes to bandpass ﬁlters. An exception, but also based on
Richards’ transform, are the ﬁlters described in Ref. 4, where
noncommensurate line are used. However, those structures are still
based on Richards’ transform, and also use the Kuroda and Kuroda-Levy transforms [2] to obtain physically realizable structures.
This article describes the properties of a structure that differs
radically from those developed using conventional design procedures, in that it makes use of a series of stubs connected in shunt
to a feed line, that all produce transmission zeros because of their
individual resonant frequencies. The stub lengths and spacings are
determined by a logarithmic function. While a complete design
procedure is not presented, the useful properties of the structure are
well illustrated.

The choice of , N, and Y0 determines the ripple levels and the
bandwidth; by judicious choice of these variables, acceptable and
useful ﬁlter responses can be obtained, even though this be by
repeated analysis rather than by design. Analysis of a substantial
number of prototypes has shown that, for a relative bandwidth of
the order of 100%, the periodicity, 0.9 ⱕ  ⱕ 0.95. The number
of stubs, N, is chosen odd, and the centre stub made to resonate at
the centre frequency of the ﬁlter. The various line lengths are
calculated from (2), and the stub admittance Y0 is chosen. Numerical analysis of the prototype structure is trivial, and by varying the
three parameters, an acceptable response is rapidly found. In
general, increasing the number of stubs increases the bandwidth;
decreasing the stub admittance also increases the bandwidth, but
has a strong effect on the stopband attenuation level.
With a value of  ⫽ 0.92, N ⫽ 7, and Y0 ⫽ 0.01S (100 ⍀), the
response of S11 and S12 shown as broken lines in Figure 2, was
obtained. The stopband ripples lie below ⫺30 dB, and except for
one peak at ⫺33 dB, are at the same height.

2. LOG-PERIODIC STRUCTURES

It is shown in Ref. 5 that the reﬂection coefﬁcient of the structure
of Figure 1 can be approximated by the expression as follows:

冋

logN
⫹
⌫ ⫽ exp ⫺ j
log

册

(1)

where N is proportional to the frequency,  is the period, and  is
a constant. Evans [6] ﬁnds the response function “extremely difﬁcult to control by choice of  and the impedance levels, as these
affect cutoffs in a complementary manner.” Indeed, a ﬁlter response is shown in Ref. 6 that does have sharp cutoff, but the
stopband ripple level varies by about 20 dB.
The ratio between successive line (and stub) lengths is the
period,

⫽

n
 n⫹1

(2)

where the individual connecting line impedances are Z0,n and stub
admittances Y0,n.
In this form, the structure has 3N variables, viz the line lengths,
stub admittances, and connecting line impedances. Unfortunately,
information on appropriate values or relationships between the
various variables does not exist, and substantial simpliﬁcations
have to be made to illustrate the usefulness of the structure.
3. PROTOTYPE

In the structure to be studied, a number of substantial simpliﬁcations are made. The impedance values of the connecting lines are
all chosen to be the same, at 50 ⍀. Similarly, the admittances of the
stubs are all made equal, so that, apart from the periodicity and
number of stubs, the only design choice is the impedance level.
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Figure 2 Responses of S11 and S21
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TABLE 1

Coupled Line Lengths

Stub No.
Length (mm)

1

2

3

4

5

6

7

14.30

12.89

11.52

10.45

9.33

8.31

7.56

order of the ﬁlter decreasing as the bandwidth decreases, and the
stub impedance rising at the same time. For extremely wide
responses (pseudo-lowpass), the number of stubs increases substantially, and both the pass and stop bands are degraded due to the
limitations placed on the choice of both connecting and stub
impedances.

4. PHYSICAL REALIZATION

The choice of the connecting lines to be the same at 50 ⍀, and the
stubs at 100 ⍀, makes the ﬁlter very easily realizable by using coupled
spurline sections [7]. All lines are 1.234 mm wide with gaps of 0.45
mm; the 50 ⍀ feed lines are 2.92 mm wide for a microstrip structure
etched on FR4 substrate with a 1.6 mm dielectric thickness. The ﬁlter
was designed for a centre frequency of 4 GHz, and the individual
coupled line lengths are given in Table 1.
Figure 3 shows the steps in the development of the prototype
ﬁlter, from stubs through spurlines. Also shown is the way in
which the sections were folded so that the entire ﬁlter is realized as
a section of line with etched slots. Because all the connecting lines
are the same impedance, the spurlines can be constructed by using
connecting line lengths from both the section itself, and the adjacent sections. Equal stub impedance furthermore makes it possible
to have all the sections of the same cross-sectional dimension.
As an alternative, the ﬁlter could also have been realized simply
as a 50 ⍀ line with stubs of 100 ⍀; it is equally as realizable.
The measured responses for S11 and S12 for the prototype are
also shown in Figure 2, where excellent agreement between the
theoretical and measured results is observed. The measured results
for reﬂection coefﬁcient show discrepancies at singular frequencies, due to the fact that FR4 is not ideally suited to application to
resonant structures at such high frequencies. The insertion loss due
to the material is also quite apparent.
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The usefulness of the log-periodic structure as a bandstop ﬁlter has
been illustrated. While only a single ﬁlter at 100% bandwidth has
been constructed and tested, calculated responses show that the
range of applicability of the structure is extremely wide, with the
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LOW POWER WIDE-LOCKING RANGE
CMOS QUADRATURE INJECTIONLOCKED FREQUENCY DIVIDER
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ABSTRACT: This letter presents a new low power and wide-locking
range divide-by-2 injection-locked frequency divider (ILFD). The ILFD
consists of a new 5.35 GHz quadrature voltage controlled oscillator
(QVCO) and two NMOS switches, which are in parallel with the QVCO
resonators for signal injection. The proposed CMOS ILFD has been
implemented with the TSMC 0.18 m CMOS technology and the core
power consumption is 5.72 mW at the supply voltage of 0.8 V. The freerunning frequency of the QILFD is tunable from 5.24 to 5.55 GHz. At
the input power of 0 dBm, the divide-by-2 locking range is from 8.2
to 13.3 GHz as the tuning voltage is biased at 0.8 V. The phase
noise of the locked output spectrum is lower than that of free running ILFD in the divide-by-2 mode. The phase deviation of quadrature output is about 1.28°. © 2009 Wiley Periodicals, Inc.
Microwave Opt Technol Lett 51: 2420 –2423, 2009; Published online
in Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/mop.
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1. INTRODUCTION

Figure 3 Steps in the development of the prototype ﬁlter. [Color ﬁgure can be
viewed in the online issue, which is available at www.interscience.wiley.com]
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Quadrature injection-locked frequency dividers (QILFDs) are freerunning oscillators that take a sinusoidal input signal and generate
four quadrature-phase signals at a frequency that is a fraction of
the input signal. QILFDs can be used with a master voltage-
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