
compared with those from simulation software tool [8], and radi-
ation patterns at different frequencies of UWB band are presented.

3. RESULTS AND DISCUSSION

An antenna prototype based on the optimized parameters was fabri-
cated and measured. The antenna return loss was measured with
Agilent 8722ES network analyzer, and the radiation patterns were
measured over the UWB with a hybrid near-field/far-field antenna
measurement system [9], RF-Lab, INRS in Montreal, Canada.

Figure 4 shows the experimental and simulated antenna return
loss. From these curves, it can be concluded that the antenna
provides a bandwidth from 3 to 10 GHz with a return loss below
�10 dB. Two close resonances can be observed, the first one at 4
GHz and the second one around 8 GHz. Current distribution at
these frequencies are depicted in Figure 5.

The radiation patterns at different frequencies, namely 4, 7, and 10
GHz, are plotted in Figures 6–8, respectively. The radiation patterns
in the H-plane at different frequencies are omnidirectional; they are
similar to classical monopole radiation pattern for the H-plane. How-
ever, for the E-plane, the radiation patterns vary in the frequency; at
lower frequencies, the structure behaves like a dipole, because the
curved ground plane and the monopole branch act jointly like dipole
arms [Fig. 5(a)]. Around 8 GHz [Fig. 5(b)], the E-plane is identical to
monopole, the lower curved side of the structure behaves as a ground
plane, and the beams are tilted by 30° with a null at � � 90°. At higher
frequencies, higher modes will interfere and patterns change drasti-
cally. With the help of simulation tool, the antenna efficiency has been
recorded to be �95% over the entire antenna bandwidth.

4. CONCLUSION

In this article, an UWB antenna has been designed. This mono-
pole-shape antenna uses a third-order binomial law curve for both
the monopole branch and the modified ground plane. The antenna
has a small size (40 � 30 mm2) with a dipole-like radiation pattern
for azimuth plane. For elevation plane, the antenna behaves like a
dipole at 4 GHz. The monopole and the ground planes act similarly
to the branches of this new dipole-like structure. Besides that, at 7
GHz, the current distribution resonates with the monopole edge
and hence the structure behaves like a classical monopole. The
antenna bandwidth meets UWB requirements.
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ABSTRACT: A single grooved coupled line bandpass filter with im-
proved pass band response and first harmonic suppression is described.
The suppression of the first spurious harmonic was done by using right-
angle triangle grooves in the middle of each of the coupled-microstrip
lines that construct the bandpass filter. As the number of grooves in-
crease as the shift in the operating frequencies increase also, so it is
suitable to use less numbers of grooves as possible. A three stage band-
pass filter using coupled-microstrip lines was designed, simulated, and real-
ized to illustrate this idea. The simulated results illustrate a good perfor-
mance for right-angle triangle groove over the corresponding rectangular
groove. The measured S-parameters measurement of the realized bandpass
filter shows the suppression of the second resonance frequency and less
shift in the center frequency. © 2009 Wiley Periodicals, Inc. Microwave
Opt Technol Lett 51: 2313–2318, 2009; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.24644

Key words: coupled microstrip line; bandpass filter; harmonic suppres-
sion; grooves

1. INTRODUCTION

Coupled-microstrip lines have been widely used in design of
bandpass filters due to several attractive features such as compact
size, low profile, and tightened capacitive coupling. The bandpass
filters based on microstrip-coupled line have been widely used in
many microwave systems [1, 2]. The required design parameters
of bandpass filter can be easily derived for Butterworth, Cheby-
shev, or any other prototypes in many literatures [1–3]. However,
the microstrip bandpass filter with uniform coupled-microstrip line
sections usually suffers from the spurious passband at the second
resonant frequency of the microstrip-line resonator. Consequently,
it makes the upper stopband performance worse. This problem
happened due to the inequality of the even and odd mode velocities
of propagation in the inhomogeneous dielectric medium. For a
given parallel-coupled-microstrip line structure, the odd mode is
propagating faster than the even mode, so the phase constant for
the odd mode is less than the corresponding for the even mode;
��odd � �even). In addition, the electromagnetic energy for the odd
mode concentrates around the center gap between the coupled
lines, whereas for the even mode, the electromagnetic energy
concentrates around the metallic edges. Various techniques have
been proposed to equalize the even and odd mode velocities or
their electrical lengths [4, 5]. Although these techniques lead to the
minimization of the harmonics responses, but it need to reconstruct
and redesign the filter with new physical design parameters.

In fact, the equal width coupled-microstrip filters suffer from
the presence of spurious passband at harmonics of the desired
frequency. So, if the conventional parallel-coupled-line filter is
used at the next stage of frequency converter in the typical RF
communication module, it is very difficult to reject the harmonic
signal that frequency converter generates. Consequently, these
phenomena result in the degradation of system performance. To
lower the rejection level of these harmonics, the low pass filter or
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notch filter is connected to the bandpass filter in a series. This
solution increases the overall size of RF module and introduces
additional insertion losses. Hence, it is necessary to obtain a design
technology that can reduce the filter size and reject a harmonic
signal.

To reject harmonic signals and reduce the total size, a uniplanar
compact photonic bandgap (PBG) structure with periodic patterns
etched in the ground plane has been proposed, but the physical and
electrical parameters of coupled lines must be recalculated in this
structure [6]. Other PBG structures having Blackman, Cosine,
Gauss, Hyperbolic Tangent, and Kaiser windows have been pro-
posed by windowing the periodic patterns and the number of
periods in the ground plane and using Bragg condition [7–9].
These structures have the increased size problem. Another method
to reject the second harmonics by using rectangular grooves is
proposed in the literatures [10–13]. The authors use a number of
rectangular grooves in all sections, so the second resonance har-
monic was suppressed but the designed frequency suffers from
shifting to lower value due to the increase in the coupling length of
the couplers.

In this article, a right-angle triangle groove is used instead of
rectangle groove. The right-angle triangle groove gives better
performance than the rectangular groove and at the same times, the
frequency shift due to right-angle groove is less than shift due to
rectangular groove. Also, it is found that the use of one right-angle
triangle groove at the middle of each of the coupled sections is
sufficient for the cancellation of the spurious frequency.

2. BANDPASS FILTER DESIGN USING COUPLED-
MICROSTRIP LINES

The parallel-coupled-microstrip transmission lines can be used to
construct many types of filters. The fabrication of multisection
bandpass or bandstop filter coupled line is particularly easy in
microstrip or stripline form, for bandwidth less than about 20%.
Wider bandwidth bandpass filters generally require very tightly
coupled lines. The filter design can be maximally flat (Butter-
worth) or with ripple value (Chebyshev). In this article, we will use
the Chebyshev design. The Chebyshev filter exhibits an equal-
ripple response in the passband region and maximally flat response
in the stopband region. When the passband ripple is LAr at the
cutoff frequency �c � 1, then the gn elements for n-element filter
are given as follows [2, 14]:

go � 1.0, g1 �
2

�
sin��

2n� (1)

gi �
1

g�i�1�

4sin��2i � 1��

2n � � sin��2i � 3��

2n �
�2 � sin2��i � 1��

n � , i � 2,3,..N (2)

gi�1 � � 1.0 for n odd
coth2��/4� for n even (3)

where

� � ln�coth� LAr

17.37�� and � � sinh� �

2n� (4)

where LAr is the passband ripple (dB). The even-mode and odd-
mode impedances (Zoe, Zoo ) for the coupled-microstrip lines can be
calculated as follows [2]:

Zoex � Zo	1 � JxZo � �JxZo�
2
 (5a)

Zoox � Zo	1 � JxZo � �JxZo�
2
 (5b)

where

J1Zo � ���

2g1
, JnZo �

��

2�gn � gn�1

n � 2,3,. . . . N, (6a)

Jn�1Zo � � ��

2gn � gn�1
(6b)

where (�) is the fractional bandwidth of the bandpass filter. As an
example, a bandpass filter with three-section (n � 3) and 0.5 dB
equal ripple response was designed at center frequency of 2 GHz,
with fractional bandwidth (�) of 0.1 on RT/Duroid (	r � 2.2, h �
1.5748 mm). With the use of above design equations, the param-
eters of bandpass filters will be as given in Table 1. Figure 1
illustrates the configurations of the design bandpass filters, where
Zo is the terminated characteristic impedance which is 50 ohm, W,
S, and L are width, separation, and coupling length of the coupled-
microstrip line for each of the coupling sections of the bandpass
filter.

3. SIMULATIONS OF BANDPASS FILTER WITH GROOVES

At first, the designed bandpass filter without grooves is simulated
on IE3D software package [15] and the simulated results are
shown in Figure 2. It appears that the conventional coupled mi-
crostrip line bandpass filter generates high signal level at the
second harmonic. It appears also, there is a transmission zero (f 0)
at 4.4GHz and first harmonic frequency (f h) at 4.05 GHz. To
cancel the effect of second harmonics, the transmission zero must
cancelled by first harmonic frequency. The way to make cancel-
lation is done by grooves in the middle of the coupled-microstrip
line.

3.1. Bandpass Filter With One Groove
Different simulations were done for the previously designed cou-
pled-microstrip line bandpass filter for each of rectangular groove
and right-angle triangular groove with different groove widths and
heights, Figure 3. Figure 4 illustrates the effect of different rect-
angular (R) and right-angle triangular (T) groove heights for

TABLE 1 The Design Data for the Bandpass Filter

N gn Zoe (�) Zoo (�) W (mm) S (mm) L (mm)

1 1.5963 70.6047 39.24 3.842 0.283 26.69
2 1.0967 56.64 44.77 4.695 1.592 26.31
3 1.5963 56.64 44.77 4.695 1.592 26.31
4 1.0000 70.6047 39.24 3.842 0.283 26.69

Figure 1 The schematic of the three section bandpass filter using mi-
crostrip coupled lines. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com]
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constant groove width (W/4), where W is the width of the coupled-
microstrip section. It appears that the bandpass filter with right-
angle triangle groove gives good cancellation for the second har-
monics than rectangle groove. It appears also that there is a shift in
the operating frequencies to lower value especially for the band-
pass filter using rectangular grooves. Figure 5 illustrates the inser-
tion loss of the bandpass filter with groove width � W/2 at
different groove heights. The bandpass filter with right-angle tri-
angle groove gives good second harmonics cancellation at groove
height W/2, 3W/4, whereas the rectangle groove gave better effect
at groove height W/4 only. Figure 6 illustrates the insertion loss for
the bandpass filter with groove width � 3W/4 at different groove
heights. As the groove width increases as the cancellations of the
second harmonics decreases, Figure 6, but the right-angle triangle
groove still gives better performance than the rectangle grooves.

From the previous discussion the bandpass filter using right-
angle triangle groove gives better second harmonics cancellation
rather than the use of rectangle grooves especially when groove
width equal to groove heights equal to W/2. Also, when the groove
height is equal to W/2, a good performance for the second har-
monic cancellation is happened. The grooves width has an effect
only on the shift of the operating frequencies for both of the first
and third resonance frequencies due to the increase of the coupling
length of the coupled-microstrip lines.

The transmission zero (f0) and first harmonic frequency (fh) are
plotted versus the ratios of grooves height to coupled line width
(H

Groove
/WCoupled line) at different groove widths, Figure 7. Form this

figure, as the (HGroove/WCoupled line) increase as the cancellation
happened at lowest frequency. Also, as the groove width increase
as the cancellation happened at larger (HGroove/WCoupled line) ratio.

The coupled-microstrip line bandpass filter using grooves suf-
fers from the shift of the operating frequencies (first, third, etc.).
Figure 8 illustrates the frequency shift for each of rectangular and
right-angle triangle grooves (WGroove � HGroove � W/2). With
referring to Figure 8, the right-angle triangle groove has 25 MHz

Figure 2 The S-Parameters for Bandpass filter without grooves. [Color
figure can be viewed in the online issue, which is available at www.
interscience.wiley.com]

Figure 3 The groove dimensions referred to microstrip couple line width
(a) Rectangular groove (b) Right-angle triangle groove. [Color figure can
be viewed in the online issue, which is available at www.interscience.
wiley.com]

Figure 4 The insertion loss for bandpass filter with rectangular (R) and
right-angle Triangle (T) grooves with groove width � W/4 and different
groove heights. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com]

Figure 5 The insertion loss for bandpass filter with rectangular (R) and
right-angle triangle (T) grooves with groove width � W/2 at different
groove heights. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com]
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Figure 6 The insertion loss for bandpass filter with rectangular (R) and
right-angle Triangle (T) grooves with groove width � 3W/4 at different
heights. [Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com]

Figure 7 The variations of (f0) and (fh) frequencies versus the ratio of
groove height to coupled microstrip line width for right-angle triangle
grooves. [Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com]

Figure 8 The shift in first and third harmonics for bandpass filter for
rectangular (R) and Right-angle triangle grooves. [Color figure can be
viewed in the online issue, which is available at www.interscience.wiley.
com]

Figure 9 The insertion loss for rectangular (T) and right-angle Triangle
(T) groove with groove width � W/4 at different groove heights. [Color
figure can be viewed in the online issue, which is available at www.
interscience.wiley.com]
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shift for first frequency, whereas the shift is 75 MHz for rectan-
gular grooves. The shift in third frequency for right-angle triangle
groove is 125 MHz, whereas it is 200 MHz for rectangular groove.
So the right-angle triangle groove gives a less frequency shift than
the rectangular groove with the same width and heights.

3.2. Bandpass Filter With Five Grooves
The simulation result for a bandpass filter with five groove is
shown in Figure 9 for both of rectangular (R) and right-angle
triangle (T) grooves, where all the grooves width (W/4) at different
heights (HGroove � W/4, W/2, 3W/4). It is clear that as the number
of grooves increases as the shift in the operating frequencies
increases also. It is appears also, the right-angle triangle groove
still gives better performance than the rectangular grooves espe-
cially for lower grooves height (W/4) and the shift in frequency is
less also. Both types of grooves suffer from the presence of
spurious harmonic at higher groove heights. By comparing Figures
4 and 9, it is appear that the insertion loss for five right-angle
triangle grooves is better by (�5 dB) only than using one right-
angle triangle groove for the cancellation of the spurious fre-
quency. Also, the shift in operating frequencies (2 and 6 GHz) for
one groove is less than of five grooves. So, the use of one
right-angle triangle groove is sufficient for the cancellation of the
spurious frequency and giving less frequency shift. To increase the
number of grooves, the groove width must be small; otherwise, the
operating passband required will damage and a larger shift in the
operating frequencies will happened.

4. FABRICATION AND MEASUREMENTS

The designed bandpass filter with one right-angle groove (WGroove

� HGroove � W/2) at the middle of each of the coupled section was
realized using microstrip technology and then measured by using
Vector Network Analyzer. Figure 10 illustrates the shape of the
realized bandpass filter. The comparison between the simulated

and measured results is shown in Figure 11, good agreement
between simulated and measured results are appear. Figure 12
illustrates the measured insertion loss for bandpass filter without
grooves, with rectangular grooves and with right-angle triangle
grooves (WGroove � HGroove � W/2). From the figure, the bandpass
filter with right-angle triangle groove gives the better performance.
The measured frequency shift for the first and the third operating
passband are shown in Figure 13. The bandpass filter that using
right-angle triangle grooves have a frequency shift of 16 and 48
MHz for first and third passband (2 and 6 GHz), respectively. The
corresponding frequency shift when using rectangular grooves is

Figure 10 The configuration of the realized bandpass filter. [Color figure
can be viewed in the online issue, which is available at www.
interscience.wiley.com]

Figure 11 The Simulated and measured S-parameters for BPF with
Right-angle Triangle grooves. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com]

Figure 12 The measured insertion loss for BPF using without, rectan-
gular and right-angle triangle grooves. [Color figure can be viewed in the
online issue, which is available at www.interscience.wiley.com]

Figure 13 The Measured frequency shift for the first and second oper-
ating frequency for of BPF with rectangular and right-angle triangle
grooves. [Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com]
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80 MHz and 145 MHz. So, the bandpass filter using right-angle
triangle grooves is better in frequency shift.

5. CONCLUSIONS

The coupled-microstrip line bandpass filters suffer from the pres-
ence of the second harmonics. To cancel the second harmonic, a
right-angle triangle groove was used at the center of each of the
microstrip-coupled lines. A different grooves width and heights are
simulated and compared with the rectangular grooves. The right-
angle triangle groove gives better performance and good cancel-
lation for the second harmonic rather than the corresponding
rectangular groove. The frequency shift in the operating frequen-
cies when using right-angle triangle grooves is less than that of the
rectangular grooves. The measurements of the realized bandpass
filter gave good agreement with the simulated results and better
results when compared with bandpass filter with rectangular
grooves.
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ABSTRACT: A fully integrated CMOS ultra-wideband (UWB) transmit-
ter module is proposed for UWB applications. The transmitter module
consists of a band-notched UWB antenna and a transmitter IC which
integrates a pulse generator, a gating signal generator and driver am-
plifiers (DAs). The drive amplifier uses a two-stage amplifier—a Class-E
amplifier and a Class-A amplifier with switch control, to significantly
reduce power consumption (522 
W/20 Mbps). Fabricated using a
0.18-
m CMOS process, the generated pulse then passes through the
DA, which not only drives the antenna but also shapes the generated
digital signal to meet the Federal Communications Commission spectral
mask specification. © 2009 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 51: 2318–2323, 2009; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.24632

Key words: ultra-wideband (UWB); pulse generators; amplifier; CMOS
transmitter; antennas

1. INTRODUCTION

The ultra-wideband (UWB) technology has received considerable
attention because the US Federal Communications Commission
(FCC) released an unlicensed spectrum of 3.1–10.6 GHz for com-
mercial wireless applications. UWB systems have many advan-
tages over traditional narrowband wireless systems, such as noise/
interference immunity, low probability of undesired detection,
interception, implementation with low cost and low-power con-
sumption, high-data rates, and coexistence with other wireless
communication systems [1]. In impulse UWB systems, the pulse
generator is a key component for both the transmitter and receiver
[2]. The complex pulse shaping network can be achieved by using
a dedicated circuit that consumes very little power [3, 4]. To
reduce the power consumption which is proportional to the data
rate, direct pulse generation is feasible in impulse radio commu-
nication of 3.1–10.6 GHz UWB band. It possesses the favored
characteristics of low cost and low power because it is realizable
by digital CMOS technologies [5–7].

Figure 1 Circuit design of the UWB transmitter IC
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