
circuitry. The realized FBAR duplexer for CDMA PCS applica-
tions has compatible performance characteristics to the conven-
tional ceramic components. However, the fabricated FBAR du-
plexer is much smaller size and volume than the ceramic one. The
demonstrated FBAR filter and duplexer are also promising for
integrated and miniaturized filter banks, RF FEM (Front-End Mod-
ule), and RF transceiver module.
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ABSTRACT: This article presents a new circuit to generate a higher-
order derivative Gaussian pulse for the impulse radio ultra-wideband
(IR-UWB) communication systems. This IR-UWB pulse generator is de-
signed and measured with the TSMC 0.18-�m CMOS process. The cir-
cuit is able to generate a symmetrical and low-ringing pulse in a fre-
quency band from 3.1 to 10.6 GHz. Our work shows that the pulse
generator’s output pulse width is 500 ps with an amplitude of 40 mV
(peak to peak). The measurement results validate our design and the
circuit functionality. © 2006 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 49: 342–345, 2007; Published online in Wiley InterScience
(www.interscience.wiley.com). DOI 10.1002/mop.22132

Key words: ultra-wideband; impulse radio; pulse generator; CMOS

1. INTRODUCTION

The Federal Communications Commission (FCC) has defined ul-
tra-wideband (UWB) as a fractional bandwidth equal to or greater
than 20%, or the bandwidth of the transmitted signal is more than
500 MHz [1]. The UWB technologies have been successfully
applied in sensing radar, highly-accurate location positioning, and
military communication. Impulse radio (IR) is one of the promis-

ing applications of UWB technology. It is a carrierless system that
is different from other RF systems using a narrowband carrier.
IR-UWB wireless communication utilizes short pulse signals to
transmit data over a very wide spectrum of frequency bands for
short-range, high date-rate applications. The main advantage of
IR-UWB systems is that their architecture is of low complexity
and low power [2, 3]. However, the signal bandwidth of the
IR-UWB signal may overlap with those of many existing narrow-
band systems (such as the GPS systems operate around 1.5 GHz).
Thus, the FCC has set a spectral mask for the usage of the UWB
transmission signal. The specified spectral mask induces design
challenge to circuit and system designers [4].

The pulse generator, a critical part of the IR-UWB transmitter,
generates the transmitted waveform which must satisfy the fre-
quency mask. Recently, creative methods have been proposed to
implement the pulse generator. Up to now, several articles are
presented to generate the Gaussian monocycles or Scholtz’s mono-
cycles [5–8]. However, those pulses do not satisfy the FCC spec-
trum mask and need filtering in order to meet the regulation. The
higher-order derivative Gaussian pulse, with hundreds of picosec-
onds duration, have been found to use adequately in UWB indoor
system [9]. Another advantage of the higher-order derivative
Gaussian pulse is transmitted without any filtering, and this will
decrease the complexity of the architecture without degrading the
system performance.

In this article, a new pulse generator is designed and fabricated
using the TSMC 0.18-�m CMOS technology for IR-UWB appli-
cations. Our work shows that the output pulse width is 500 ps with
an amplitude of 40 mV (peak to peak). The circuit is able to
generate a symmetrical and low-ringing pulse in a frequency band
from 3.1 to 10.6 GHz. In the first part of our article, we describe
each block of the circuit and analyze the design principles. The
second part is dedicated to the simulation and measurement results.
Finally, a short conclusion is discussed.

2. OPERATING PRINCIPLE AND ANALYSIS

2.1. Circuit Description
The functional block diagram of the pulse generator is shown in
Figure 1. In the input stage, the oscillator determines the input
square signal that has 2 V a and pulse repetition frequency of 100
MHz (up to 500 MHz). Then the signal passing through a simple

Figure 1 Block diagram of our proposed UWB pulse generator

Figure 2 Schematic of the new pulse generator
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RC differentiator will produce an approximate Gaussian pulse at
the rising edge of the square wave. To shrink the pulse from
nanosecond to picosecond level duration, several inverters are
adopted to perform the function of pulse shaping. We employ a
PMOS transistor as a common-gate amplifier acting as a differen-
tiator. Then the monocycle pulse can be obtained by taking the

derivative of the previous Gaussian pulse. Finally, we utilize the
second-order RLC differentiator to differentiate the impulse to
become a higher-order derivative Gaussian pulse in the output
stage.

2.2. Production of the Approximate Gaussian Pulse
Figure 2 shows the schematic of our new pulse generator. Because
the switching speed of the inverters is fast in the 0.18-�m CMOS
technology, the two inverters after the input oscillator will increase
the rise time and the fall time of the square wave. This results in
an edge signal (at V1 node) which serves to drive the first-order

Figure 3 (a) Waveform of the approximate Gaussian pulse, (b) Wave-
form after the pulse shaping circuit

Figure 4 Schematic of the common-gate stage and second-order differ-
entiator

Figure 5 (a) Waveform of the monocycle pulse, (b) Output waveform of
the proposed pulse generator, (c) Power spectrum of the output waveform
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differentiator (C1 and R1). At node G, we can obtain approximate
Gaussian pulses at the rising and falling edge, respectively. These
pulses have durations of 2 ns and amplitudes of 600 mV as shown
in Figure 3(a). We employ a couple of inverters as a pulse shaping
circuit. It only preserves the positive part (0–600 mV) of the prior
Gaussian pulses whose amplitudes are greater than the threshold
voltage. By controlling the DC biasing voltage at the source of the
NMOS transistors, we can obtain a narrow pulse width of 300 ps,
approximately. The simulation result is given in Figure 3(b).

2.3. Output Stage Analysis
There are two reasons why we chose a PMOS transistor as a
common-gate stage architecture. First, it provides an isolation to
prevent coupling between the capacitor C2 and the second-order
RLC differentiator at the next stage. Second, the input impedance
of a common-gate stage is relatively low only if the load imped-
ance connected to the drain is small [10]. Figure 4 shows the
schematic of the common-gate stage and second-order differentia-
tor used in the design. On the basis of the previous discussion, we
can design the input impedance seen at the source (Zin) and the
capacitor C2 acting as a simple RC differentiator. Then the so-
called monocycle pulse can be obtained by taking the derivative of
the previous Gaussian pulse. As shown in Figure 5(a), the resulting
pulse width is almost the same as the one before the differentiation.
The second-order derivation circuit is composed of L1, C3, and
RL. The output voltage (Vout) is a second derivative of the drain
current. Figure 5(b) shows the output voltage on 50 � load. Figure
5(c) shows the power spectrum density (PSD) of the simulated
pulse (solid line) and the simulated pulse after transmission by the
UWB antenna (circle type line). The simulation results show that
the output pulse width is 400 ps and the pulse amplitude is 43 mV
(peak to peak), with more than 7 GHz bandwidth. It is known that
the antenna acts as a differentiator. If an UWB antenna has enough

bandwidth to pass the signal from the proposed pulse generator,
the transmitted pulse can be approximated as the first derivative of
the generator’s output pulse. Therefore, the output waveform is a
higher-order derivative Gaussian pulse and the spectrum is located
inside the mask given by FCC after the pulse is transmitted by the
antenna as shown in Figure 5(c).

3. FABRICATION AND MEASUREMENT

The proposed UWB pulse generator circuit is implemented using
the TSMC 0.18-�m CMOS process. The chip photograph is shown
in Figure 6. The whole chip size is 0.84 mm by 0.82 mm and the
operating voltage is 1.8 V. The core chip is only 0.23 mm by 0.34
mm and the other area is filled with dummy according to the
minimum distance between the pads.

The measurement uses a 50-MHz square wave as the input
signal. The I/O matching is designed to perform the measurement
onto a 50 � load. The measured results are illustrated in Figure 7
and the developed pulse generator performance data is given in
Table 1. It has a pulse duration of 500 ps and a pulse amplitude of
40 mV (peak-to-peak). Figure 8 shows the PSD of the measured
pulse (solid line) and the PSD of the measured pulse after numer-

Figure 6 Chip photograph Figure 7 Measured output waveform of the pulse generator

TABLE 1 Pulse Generator Performance Data

Process technology TSMC 0.18-�m CMOS

Carrier frequency No carrier
Signal bandwidth 3–10 GHz
Pulse repetition rate Up to 500 MHz
Power consumption 18.33 mW
Pulse width 500 ps
Pulse amplitude 40 mV
Circuit size 0.68 mm2 (excluding pad)
Application UWB indoor system
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ically differentiated by a UWB antenna (circle type line). We can
find that the PSD of the measured pulse after differentiated by the
antenna is under the FCC spectral mask.

4. CONCLUSION

We have designed, fabricated and tested the proposed pulse gen-
erator. The complete circuit is designed and fabricated in a stan-
dard TSMC 0.18-�m CMOS technology. Our proposed pulse
generator has many advantages including a good symmetry, low-
ringing, and a wide bandwidth characteristics. The output pulse
approximates a higher-order derivative Gaussian pulse with a
pulse duration of 500 ps and a 40 mV amplitude. The power
consumption of the pulse generator is about 18 mW.
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ABSTRACT: In this paper, we present a compact dual-band dual-po-
larized aperture-coupled patch antenna for 1800/5800 MHz DCS/WLAN
applications. With properly designed feeding network and patch dimen-
sions, the antenna can provide a pair of orthogonal linear polarization
states for dual bands operations. © 2006 Wiley Periodicals, Inc.
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1. INTRODUCTION

Dual-band and dual-polarized antenna is attractive in wireless
communication systems due to its several advantages. First, the
dual frequency functionality allows us to integrate different sys-
tems into one single device. Second, polarization diversity can be
utilized to realize frequency reuse due to its useful polarization
modulation scheme. This property has been applied in active
read/write microwave tagging systems [1]. Third, polarization
diversity is effective in avoiding the fading loss caused by mul-
tipath effects [2]. There are many ways to implement polarization
diversity antennas. Aperture-coupled patch antenna with dual slots
which are fed by a dual port-feeding network is introduced re-
cently [3, 4]. In Ref. 3, a patch antenna uses dual orthogonal
H-slots to excite a pair of orthogonal modes in the patch. In Ref.
4, a ring patch antenna with apertures which are fed by dual ports
feeding operate at 1.8 GHz is presented. In Ref. 5, there are three
methods to make dual frequency resonance possible: orthogonal-
mode method, multi-patch method, and reactively loaded method.
In this work, we focus on integrating two different resonance
frequencies patches into an antenna system for 1800/5800 MHz
wireless applications. For multipatches designing, printing more
resonant patches on the same substrate is low cost and lightweight
than multilayer stacked patches [5]. In Ref. 6, the compact mi-
crostrip patch antenna for GPS and DCS application is proposed.
The antenna system consists of a truncated square patch antenna
and an annular ring patch. The former offers a right hand circular
polarization at 1575 MHz, which is suitable for GPS application.
The later operates at the TM21 mode at 1800 MHz, which is
appropriate for DCS application. In Ref. 7, the authors present a
compact dual-band dual-polarized patch antenna for 900/1800
MHz cellular systems. An elaborate diplexer for 900/1800 MHz is

Figure 8 PSD of the measured pulse from the pulse generator (solid line)
and the PSD of the pulse after numerically differentiated by a UWB
antenna (circle type line)
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