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paper presents the design of a power amplifier with 3.1-10.6 GHz using 0.18 um CMOS
technology for ultra-wide band application. The proposed power amplifier used three
cascaded amplifier stages in order to achieve good gain and wide-band width. The
results show that the proposed power amplifier design has an average gain of 7.28 dB,
an input return loss less than -7.48 dB, an output return loss less than -4.782 dB, and
Keywords: group delay variation of £151.9 ps is achieved over the entire band. A good input 1dB-
CMOS; power amplifier; Ultra-wideband  compression point of 6.67 dBm and input third order intercept point of 0 dBm is
cascade topology achieved at 5 GHz.

1. Introduction

The rapid growth in modern technology, especially in wireless communication systems such as
ultra-wideband (UWB), wireless personal area network (WPAN) and wireless local area network
(WLAN) enabling users to communicate anywhere any time. This has become a necessity in our daily
life. In February 2002, the Federal Communication Commission (FCC) has allowed the data
transmission in the wide-ranging frequency of 3.1 to 10.6 GHz that allows data transmission at a
higher rate of 100 to 500 Mbps with low power consumption [1]. As a result, the UWB has been
considered as one of the most promising wireless technologies because of its ideal benefits such as
low cost, high data rates, low power, low interference, and precise positioning.

Power amplifier is an important block in the wireless communication system. It is normally
located at the final stage in the transmitter unit. It amplifies the signal and generates enough power
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to allow the signal to transmit over the required range. Power amplifier is one of the most challenging
devices to design in UWB transceiver since it is required to transmit the signal over a wide bandwidth.
It must meet several requirements such as good linearity, good wideband matching, high efficiency
and low power consumption. Numerous UWB CMOS power amplifiers have been reported with
frequency of 3.0-5.0 GHz, 3.0-7.0 GHz, 6.0-10.0 GHz and 3.1-10.6 GHz with various types of
implemented topologies such as distributed amplifier, resistive shunt feedback and RLC matching,
current-reused approach, common source inductive degeneration, current-reused technique, inter-
stage wideband impedance transformer and stagger tuning [2-11]. Wideband matching in power
amplifier design can be accomplished using distributed amplifiers, however, this topology consumes
high power and large chip area [12]. Shunt-peaking technique is employed to provide wideband
matching, but it affects the input and output matching. Resistive shunt feedback offers wideband
matching and good input and output matching. This method results in a smaller chip area than other
methods since it has less or no inductors. Inductive source degeneration has the potential to provide
good input wideband matching as well as to enhance the linearity but lower the gain of the amplifier
[9]. The advantage of using current-reused technique is to reduce power consumption, but it is quite
difficult to meet the gain and wide frequency band from 3.1 to 10.6 [12]. In this paper, a design of 3-
10.6 GHz UWB CMOS power amplifier by using cascade topology is proposed. The proposed UWB
power amplifier implemented with 0.18 um CMOS technology has obtained good parameters such
as gain and linearity within the frequency of 3.1-10.6 GHz.

2. Methodology

The parameters for the proposed power amplifier design specifications are shown in Table 1 and
the design is shown in Figure 1.

Table 1

Power amplifier design specification
Parameter Specification
Frequency (GHz) 3.1-10.6
Gain (S21) (dB) >10
Input return loss (S11) <5
Output return loss (S11) <5
Reverse isolation, Si12 (dB) <-30
Input P1dB >22
Output P1dB (dBm) ~0
Group delay (ps) <+100
Power consumption (mW) <100
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Fig. 1. Proposed UWB power amplifier design

The proposed UWB power amplifier design has three cascaded amplifier stages. The first stage,
LC filter of C1 and L1 are used as the input matching network. Resistive shunt feedback of R1 provides
wider bandwidth and high value of inductive source degeneration, L3 is used to improve the input
matching. The inter-stage between the first and second stage consists of C, that performs as a
coupling capacitor. The coupling capacitor in inter-stage is employed to block the DC current. The
resistive shunt feedback of Rs is used to improve the gain. The second stage is a simple common-
source topology to maintain the high gain of S;1 parameter. The next inter-stage between second
and third stage consists of the LC filter, Ls and Cs to improve gain flatness. The third stage has source
degeneration inductor, Ls and the output matching involved single capacitor, C4 to improve output
matching. Each transistor in all stages (M1, M2, M3) is set to 10/1.8 um to stabilize the gain since the
transistor is an active device that can affect the overall performance. Inductor Ls is used as inductive
source degeneration in the first stage of power amplifier to improve the linearity and stability of the
amplifier. It is also utilized to improve the input wideband matching. The transmitter circuit is
designed to have input impedance, Zi, of 50 Q, centre frequency of 7 GHz, and transistor noise
contribution, gm of 40 mS. Xc1 is a capacitive reactance for a capacitor, Ci. The calculation for inductor
L3 is shown in Eq. (1).

(1)

whereas
w = 2nf, (2)

Cys ~ L2 (3)

wr
3. Results

The proposed power amplifier design was implemented in 0.18 um CMOS technology with 1.8 V
supply voltage. A post layout of the proposed power amplifier is shown in Figure 2.
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Fig. 2. Post layout of proposed UWB power
amplifier design

The input return loss, S11is shown in Figure 3. As can be seen from the post-layout result, the
input return loss at 3.0 GHz is -7.48 dB and continuously decreases until -14.95 dB at 4.8 GHz and it
increased up to -6.12 dB at 10 GHz. The post-layout result shows a better input matching graph
compared to schematic result which is less than -5.13 dB. The difference between the schematic and
post-layout is due to the parasitic circuit elements of capacitance and resistance that exist in post-
layout design [13]. Parasitic elements are unavoidable in high frequency circuit design; however, it
can be minimized by designing a layout as symmetrical as possible [14]. The minimum value of the
input return loss in target property of UWB application is <-5 dB [15]. Since the simulation result
shows the input return loss is less than -5 dB, the input matching of 50 Q is achieved. The minimum
points in the graph means that it has achieve highly accurate 50 Q input matching [14].
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Fig. 3. Simulated S11 parameter

Simulated reverse isolation is illustrated in Figure 4. The result shows that the proposed UWB
power amplifier has achieved good reverse isolation for both schematic and post-layout results of -
35 dB over the frequency range of 3.0 to 10.6 GHz. This indicates that a high reverse isolation is
achieved to prevent the leakage signal from transmitting to the antenna.
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Fig. 4. Simulated Si, parameter

The average gain, Sy1 for post-layout and schematic of the proposed UWB power amplifier is
shown in Figure 5. As can be seen, the Sy; for post-layout and schematic are 7.28+5.73 dB and
15.92+4.70 dB, respectively. The average gain for post-layout decreases almost half of the schematic
gain due to the parasitic element effects. The gain flatness for both post-layout and schematic results
were quite poor due to the high value of R3 which is 9 kQ. However, if we reduce the value of R3, it
would decrease the gain obtained since it is used to support the second stage.
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Fig. 5. Simulated S;; parameter

The output return loss, Sz2 for proposed UWB power amplifier is depicted in Figure 6. The output
return loss obtained are -3.141 dB for schematic and -4.782 dB for post-layout. As can be seen, the
output return loss for post-layout at 3.0 GHz is -4.782 dB and continuously decreasing until -23.97 dB
at 4.0 GHz and it increases up to -4.6 dB at 10 GHz. Minimum acceptance of output return loss is less
than -5 dB [14]. This means that our proposed design has good return loss and achieved 50 Q output
matching. The smaller value of Sy, indicates a better output matching of the power amplifier. Hence,
the narrow shape at the minimum points of <-23.97 dB and <-27.45 dB in the graph shows that the
circuit has a very good output matching to 50 Q load. This enables the optimum delivery of power
levels by knowing what load and source impedance are seen by the Device Under Test (DUT) [15].
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Fig. 6. Simulated S;; parameter

Figure 7 shows the stability simulation result that has been computed through the S-parameter
analysis. It clearly shows that the proposed UWB power amplifier is unconditionally stable as the
stability factor of more than 10.6 is obtained over the entire band.
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Fig. 7. K-factor

The group delay variation is illustrated in Figure 8. This parameter is very important since it
indicates that the output signal will not be distorted and can retain its original identity through the
power amplifier. The proposed UWB power amplifier design has obtained group delay variation of
+151.9 ps over frequency range of 3.0 to 10.6 GHz.
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Fig. 8. Group delay variation

Figure 9 shows that the output referred 1-dB compression point is 6.67 dBm at the input referred
1-dB compression point of -10 dBm at centre frequency of 5 GHz. The 1-dB compression point
indicates where the input and output level of the gain has dropped by 1 dB.
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Fig. 9. 1-dB compression point

The third-order intercept point (IP3) is obtained from the plotted output power (Pout) versus input
power (Pin) as shown in Figure 10. This point indicates the power level of the distortion signal begin
to overtake the fundamental signal. The input referred IP3 and output referred IP3 are -9 dBm and
9.8 dBm, respectively. These results show that the UWB power amplifier have good linearity since it
is near to 0 dBm.
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4. Conclusions

A full band of 3.0-10.6 GHz power amplifier for UWB application was successfully designed using
Silterra 0.18 um CMOS technology. The proposed power amplifier used three cascade amplifier
stages to achieve good gain over 3.0 to 10.6 GHz frequency. However, the input and output matching
are not adequate enough, this can be improved by implementing external input and output matching
circuit in the design. For future research, it is interesting to investigate and design the topology that
can reduce power consumption and low group delay variation.
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