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Abstract: A two-stage Class E power amplifier operated at 2.44GHz is designed in 0.25-um CMOS process -or
Class-1 Bluetooth application. The power amplifier employs class-E topology to exploit its soft-switching prope-ty
for high efficiency. A preamplifier with common-mode configuration is used to drive the output-stage of Class-E
type. The amplifier delivers 20-dBm output power with 70% PAE (power -added-efficiency) at 2-V supply voltage.
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1. INTRODUCTION

Commensurate with the proliferation of wireless
communication systems is a constantly increasing
demand for compact, low-cost, and low-power
portable devices. This demand has promoted the
pursuit of single-chip radio transceivers realized in a
low-cost CMOS technology[1}-[3]. Today’s power
amplifiers are implemented in GaAs, HBT, LDMOS,
BICMOS, etc.,, However, more and more signal
processing is done in CMOS. For this reason a single
chip transceiver demands an integrated CMOS power
amplifier. This paper describes a two-stage power
amplifier with 20dBm output power for Bluetooth
Class 1 applications. The power amplifier employs
class-E topology to exploit its soft-switching property
for high efficiency. Proposed power amplifier is two-
stage configuration with a pre-amplifier and an output
amplifier. The pre-amplifier and the output stage are a
common-mode and a parallel configuration,
respectively. In  the proposed pre-amplifier
configuration, transistors are used to increase its
impedance for driving the output stage. The class-E
topology is used as the configuration of output stage.

2. CLASS-E POWER AMPLIFIER

Switching-mode power amplifiers can theoretically
achieve efficiency as high as 100%. A typical
configuration of a class-E power amplifier is shown in
Fig. 1. L1 acts as either a RF choke(RFC) or a finite
de-feed inductance[1]. C2 and L2 are designed to be a
series LC resonator plus an excess inductance Lx at
the frequency of interest. Resonator delivers
“undamental signal of operating frequency as a sine
waveform. Jx of reactance element changes output
voltage and phase of voltage at the switch. C1 and Lx
are designed so that the following conditions for a
class-E power amplifier with high efficiency as shown
in Fig 2.[1]

« voltage across the switch is kept low when the switch
turns off;
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Figure 2. Voltage and current waveforms showing tae
soft switching characteristics in class-E power
amplifier

= voltage across the switch is zero when the swixch
turns on;

» the first derivative of the voltage is zero when :he
switch turns on.

Component values shown in Fig 1. can be calculated
using the following[2]:
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If the output network matches with 50  of load, power
amplifier can not get desired output power. To get
desired output power, output network should be
matched with optimum R(Ropt).

3. PROPOSED POWER AMPLIFIER

Proposed common-mode power amplifier is shown in
Fig 3. Proposed preamplifier of common mode
configuration provides amplified signal to the output
stage of parallel configuration. Common-mode
configuration has the advantage of easy input
matching due to the increased input impedance.
Therefore, common-mode preamplifier is used as an
input stage. In proposed structure, transistors(M5 and
M6) are used to connect M2 and M3, and same phase
input signal is applied to M1 and M4. This structure
minimizes power loss in preamplifier and also makes
its output signal as square wave as possible. It
increases the overall efficiency of power amplifier.
The transistors of M5, M6 with relatively small size of
M1, M2, M3 and M4 compared to conventional
preamplifier transistors increase the output impedance
large enough to drive output stage. As the size of M5
and M6 becomes smaller, power loss is decreased in
preamplifier. The size of transistor in preamplifier is
M1~M4 : 196pum/0.25pm, M5~M6 : 210 pm/0.25um.
M5 ~ M6 operate as an on/off switch according to the
drain voltage of M1 and M4. With the common-mode
preamplifier, minimum voltage at drain of M1, M4 is
larger than Vt of transistor in output-stage. L1 and 1.2
are used to lower minimum voltage at drain of M1, M4
than Vt of transistor in output-stage. The signal
provided from the preamplifier switches the large
output transistors close to ideal switching mode. Ldc1
and Ldc2 are RFC(RF choke inductor).
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Figure 3. Proposed common-mode preamplifier.

R! and R2 are used to suppress the possibility of
oscillation and keep its output voltage lower than gate
oxide breakdown voltage. Power consumption at Rl
and R2 is small and does not degrade the overall
power efficiency because their value is small. The
whole circuit are parallel connected as shown in Fig 4.
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This parallel configured output stage shows higher
output power than single configured one. It makes the
size of output transistors become smaller for the
wanted output power, 20dBm, in comparison with
other configurations. The size of both M1 and M2 is
1225um. The input impedance of the whole power
amplifier is 50 at 2.44GHz. OQutput matching
network transformed into 11  to get output power of
20dBm. The frequency of X1 resonator is designed for
Bluetooth which is operated at 2.44GHz.
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Figure 4. Complete schematic of the proposed power amplifier.
Fig 5 and Fig 6 are voltage and current waveforms- of
the designed two-stage power amplifier.
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Figure 5. Simulated voltage waveforms of proposed
power amplifier. (1) Gate voltage of M1. (2) Drain
voltage of M1. (3) Output voltage of power amplifier.
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Figure 6. Simulated current waveforms of proposed
power amplifier. (1) Output current of power amplifier
(2) Drain current of M1



4. SIMULATION RESULTS

Fig 7 shows the simulated results of output power and
power gain in the frequency range of the Bluetooth
specification with 3dBm-input power. The power
amplifier achieves 21dBm-output power and 18dB
power gain at 2.44GHz. The simulated results of PAE
(Power-Added-Efficiency) and DE(Drain-Efficiency)
with input power of 3dBm are available in Fig. 8. The
power amplifier achieves 70% PAE and 71% DE at
2.44GHz. The output power is kept at least 20dBm
over the Bluetooth operating frequency range from 2.4
to 2.48GHz. The lowest PAE over the frequency range
from 2.4 to 2.48Ghz is 65%. Fig 9 represents the
simulated output power and power gain versus input
power.
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Figure 7. Output power and power gain(Gp) versus

frequency.
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Figure 8. PAE and DE versus frequency.
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Figure 9. Output power and power gain versus input
power.

Fig 10 shows how the PAE and DE changes with RF
input power. A two-stage power amplifier with a new
configuration is designed by using ADS simulator wi-h
0.25um CMOS process parameters. Table 1 shows the
key performances of the previously reported Bluetooh
power amplifier with this work.
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Figure 10. PAE and DE versus input power.

Table 1. Compares the key performance of the previously
reported Bluetooth PA

Ref. Tech. VDD Power PAE | Class

[4] 0.25um 25 24dBm | 48% AB

[5] 0.18um 24 23dBm | 42% AB

[6] 0.24um 2.5 20dBm | 31% AB

[71 0.35um 2.5 20dBm | 59% E

(8] 0.35um 1.2 20dBm | 35% E

This

0.25um 2
work

21dBm | 70% E

5. CONCLUSIONS

A two-stage Class-E power amplifier operated at
2.44GHz is designed in 0.25-um CMOS process for
Class-1 Bluetooth application. Proposed power
amplifier with a new configuration achieves very high
PAE over the Bluetooth operating frequency range
from 2.4 to 2.48GHz. The power amplifier achieves
20dBm to 21dBm output power with PAE ranged from
65% to 70%, and power gain at 17dB to 18dB in tle
frequency range.
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