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Abstract— This paper describes the design of a 3.1 to 4.8 GHz
CMOS power amplifier (PA) for ultra-wideband (UWB)
applications using TSMC 0.18-µm CMOS technology. The UWB
PA proposed in this paper employs cascode topology with an
additional common source stage to achieve high power gain. The
current reused technique is implemented to enhance the gain at
the upper end of the desired band for gain flatness and the
resistive feedback at the second stage is used to improve
wideband matching. The post-layout simulation results indicate
that the gain at the upper end of desired frequency is increased
about 11 dB and the gain flatness of 18.4±1 dB is achieved,
improved the linearity at an input 1-dB compression point of 10.6 dBm, and consumes low power (22 mW) at 1.0 V DC supply
voltages.
Keywords-power amplifier; ultra-wideband; cascode; current
reused; low power

I.

INTRODUCTION

At present time, the wireless connection becomes popular
in a lot of new communication systems. Ultra-wideband
(UWB) system is one of the new communication systems,
which are able to transmit data over a wide spectrum of
frequency bands from 3.1 to 10.6 GHz with very low power
and high data rates [1]. This new technology has attracted
many researchers in both academic and industrial to exploit this
higher data rate and wider bandwidth wireless applications in
comparison to others technology such as Bluetooth and
WiMAX. The possible applications of UWB technology can be
applied in sensor networks, imaging systems, wireless
personnel area network (WPAN) and so on.
The design of UWB power amplifier (PA) is a key part of
the RF front-end in any transmitter because it is a very power
hungry. However, in UWB systems, the power level from the
UWB transmitter should be small enough not to interfere with
the already existing communication systems [2]. This mandates
the use of low output power levels is limited at -41.25
dBm/MHz (as specified by the FCC). Therefore, the small
transistors as part of the PA circuit are desired for consuming
less power consumption. However, achieving a high gain and
good impedance match over the entire frequency band makes
the design a challenging task. There is a trade-off between
efficiency, linearity and gain requirement in designing UWB
PA.

Recently, wireless devices are becoming more and more
popular in many applications and the need to build compact,
low cost and low power blocks arises. In addition, more and
more signal processing is done in CMOS. Therefore, CMOS
technology had been implemented in much transceivers design
for a lot of applications. However, as the down-scaling of
MOS devices continues, the CMOS PA is not the optimum
technology of choice due to the problem such as low oxide
breakdown voltage, low current drive capability, substrate
coupling and low quality and high tolerances of on chip
passives [3][4]. This makes CMOS PA design and
implementation a major challenge, particularly when
designing in GHz frequencies range.
In this paper, a low frequency band CMOS power
amplifier from 3.1 to 4.8 GHz for UWB applications is
presented. Since the output power level of UWB signals must
be too low in order to match the power mask of FCC [1], the
proposed design only focused on bandwidth, linearity and
power consumption of the UWB PA. Using cascode topology
with additional common source allows increasing power gain.
The current reused technique helps to achieve gain flatness by
enhance the gain at the upper end of the desired band. The
wideband matching is improved by resistive shunt feedback at
the second stage and inductance source degeneration obtains
the stability of the amplifier. The separate grounding between
the first stage amplifier and the second stage amplifier reduces
the gain sensitivity.
II.

CIRCUIT DESIGN

There are many topologies have been implemented to
realize wideband PA. Distributed amplifier [5], RLC matching
topology [6], and resistive shunt feedback [7] have been
reported for broadband PA. Distributed amplifier can provide
good matching and linearity over a wideband of frequencies;
however, the power consumption and the chip area can be quite
high in these circuits. RLC matching also can provide
wideband matching and consume less power consumption, but
it often needs a number of reactive elements to form the
wideband bandpass filter, therefore, occupy large area of a chip
and complicated in the layout design as well.
In contrast, resistive shunt feedback can provide the
wideband matching at both input and output ends. This
topology has the added advantage of providing stability [7].
Recently, current-reused technique proposed in UWB low
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The proposed design of UWB PA circuit can be divided
into three parts as shown in Fig. 1. The first part consists of
current reused cascoded common source (CS) structure, where
the M1 and M2 are two CS amplifiers. M2 is also CS
amplifier converting from a common gate (CG) amplifier by
the current reused technique. The impedance of L D1 is
adequately large to provide a high impedance path to block the
signal at the desired bandwidth, while the C G 2 and L G 2 of
M2 provide a low impedance path. Therefore, the input signal
can be amplifier twice under this technique. A narrow band
characteristic composed by the resonate circuit of C G 2 and
L G 2 is employed to enhance the gain at the upper end of the
desired band. In addition, L2 is inductive peaking to achieve
high gain at higher frequency. Capacitor C DC is DC blocking
and inductor Lin is part of the input matching, while L1 is
source degeneration realizing using bondwires. Cbp is the
bypass capacitor, and Rb is the bias resistor of M2. M1 is
biased in class AB to achieve sufficient linearity and
efficiency.

The second stage consists of inter-stage inductor Lis, and
inter-stage capacitor Cis, for matching purpose between the
first stage and the second stage amplifier and also to improve
the gain. The third stage is CS amplifier with resistive shunt
feedback Rf to obtain wideband matching. L3 is a load for CS
amplifier of M3 realizing using bondwire. Inductor Lo is used
to achieve output matching. It should be finally noted that the
effect of bondwires was taken into account during simulations
(L1, L3 and L4 in Fig. 1). These bondwires are well defined
and modeled accurately with physical lumped element models
by using Cadence SpectreRF.
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The circuit design of the UWB PA is simulated using
Cadence SpectraRF simulator in TSMC 0.18-µm CMOS
process. Fig. 2 shows the simulated small signal gain using Sparameter analysis for pre-layout and post-layout. The gain at
the upper end of a desired band, 4.8 GHz is increased to
compare with the circuit without employed current reused
technique. Therefore, this technique helps to improve the gain
approximately about 11 dB at the upper end of the desired
frequency 4.8 GHz; and the gain flatness of 18.4±1 dB is
achieved between the operation frequencies' ranges. The prelayout simulation and post-layout simulation results match well
at the frequency ranges of interest.

The simulated input and output return loss, S11 and S22
are plotted in Fig. 3. The return loss at the input and output is
below than -5 dB within the required bandwidth is achieved.
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Figure 2. Simulated gain without current reused and with current reused (prelayout and post-layout) of UWB PA.
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Figure 3. Simulated input and output return loss of UWB PA (post-layout).
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Therefore, the current reused technique is employed to
improve gain flatness and the resistive shunt feedback is
implemented for wideband matching [10]. The theoretical
analysis about current reused technique can be found in [9],
[11]. The source degeneration inductor is realized by bonding
wires to achieve good stability for amplifier.

III.

S11 (dB), S22 (dBm)

noise amplifier has been successfully enhancing the gain at the
upper end of the desired band [8], [9].

Bond
wires

L1

Figure 1. Schematic of the proposed current reused UWB PA.

The gain is a major performance merit for a power
amplifier; however, the linearity is also important. The linearity
limits the actual power that can be driven to the load by the PA
[6]. The PA can drive the wanted signal without too many
harmonic terms only in linear region operation. The linearity of
the PA is simulated using a periodic steady state (PSS). The 1dB compression at -10.6 dBm for a 4 GHz and the PA delivers

Fig. 5 shows the simulated output power (Pout) and power
added efficiency (PAE) vs. input power (Pin) at 4 GHz. The
output power and PAE are about 6.0 dBm and 18%,
respectively at -10.6 dBm input power. The stability of the
proposed UWB PA as shown in Fig. 6 is unconditionally
stable because the stability factor (K-factor) more than one is
obtained for the whole frequencies.

K-factor

an output power of 6.0 dBm at this point as shown in Fig. 4.
The 1-dB compression point between -14.5 dBm to -10.5 dBm
is obtained between 3.0 to 5.0 GHz.

Frequency (GHz)
Figure 6. Simulated K-factor for stability of UWB PA (post-layout).

Pout (dBm)

In [12] was proposed double-stage PA (cascode topology
with additional CS stage) wideband inductive degeneration
resistive feedback power amplifier, however the input and
output return loss was very poor and consuming huge power.
Reference [13] was designed UWB PA employs inter-stage
wideband impedance transformer for the wideband operation at
the difference frequency ranges of interest. The proposed
design performance was achieved good wideband matching,
linearity, high PAE and low power consumption but with the
low power gain.
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Figure 4. Simulated 1-dB compression point of UWB PA (post-layout).
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Figure 5. Simulated output power and PAE of UWB PA (post-layout).

Table 1 shows the comparison of performances of the
previously reported UWB PA and this work. Reference [7] was
proposed to employ a cascode configuration and series R-C
feedback network for gain flatness and wideband matching,
however the linearity and PAE were very poor. In [11] design
was implemented two-stage cascaded configuration with shuntshunt feedback to obtain the higher gain and ultra wide
bandwidth, but the linearity and power consumption was not
measured and the performance of PAE was also low.

In contrast, the proposed design in this work obtained good
gain flatness, high linearity and low power performance when
compare with the previous worked at the same frequency
ranges of interest. However, two inductors are needed for
realizing current reused technique, which can increase the chip
size area, but active inductors can be employed to reduce the
chip size. The layout of the proposed UWB PA is presented in
Fig. 7. The die area including the pads is 0.95 mm × 1.02 mm;
this layout is going to tape out for fabrication soon.
IV.

CONCLUSIONS

A 3.1 – 4.8 GHz CMOS power amplifier using current
reused technique has been designed and simulated in the
TSMC 0.18-µm CMOS process. The proposed UWB PA
provides wide bandwidth, good gain flatness, high linearity
and low power consumption that can be implemented for
UWB applications. The cascade with an additional common
source stage topology is used to achieve high gain. The gain
flatness is clearly achieved at the desired frequency by using
current reused technique while resistive feedback at the
second stage amplifier providing wideband matching. The
simulation results show that the PA achieves a gain flatness of
18.4±1 dB with an output power of 6.0 dBm at an input 1-dB
compression point at -10.6 dBm. The designed PA consumes
low power about 22 mW at 1.0 V DC supply voltages with the
chip size is about 0.97 mm². This proposed design can be
extended for uses up to 10.6 GHz in the future due to the
characteristic of current reuse technique that can enhance the
gain at the upper end of the desired band.
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