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Abstract

In this paper, a high-efficiency power amplifier is implemented using a gate and drain bias control circuit for WPT
(Wireless Power Transmission). This control circuit has been employed to improve the PAE (Power Added Efficiency).
The gate and drain hias control circuits consists of a directional coupler, power detector, and operation amplifier. A high
gain two-stage amplifier using a drive amplifier is used for the low input stage of the power amplifier. The proposed
power amplifier that uses a gate and drain bias control circuit can have high efficiency at a low and high power level.
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The PAE has been improved up to 80.5%.
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I . Introduction

A power amplifier is a very important element in a
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High gain, power added efficiency, gate and drain bias, power amplifiers.

wireless communication system, as it determines the
system performance. The efficiency of the power
amplifier is therefore becoming an important factor in
wireless communications equipment and wireless
power transmitters. Consequently, demand is high for
reduced power consumption in today's power
amplifiers. If the efficiency of these amplifiers is
improved, this will create a cooler system, which will
remove the extra cost of a repeater or base station
and also extend battery life. Therefore, transmitter
design would benefit from improved efficiency of the

power amplifier. A switch mode amplifier structure is
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required to obtain this desired high efficiency;
therefore, in this work, a class-E amplifier structure
1s used to create a high efficiency power amplifier

The efficiency of power amplifier becomes a
the

However, usually the power amplifiers operated at

maximum in extended saturation region.
much lower power than its maximum output power
in most of the operation time. So, the drain and gate
bias control circuit is necessary to control the
saturation point. It can produce constant efficiency
across varying power level. The drain and gate bias
control of the circuit improve the Power Added
Efficiency (PAE) of power amplifier. The input RF
signal power through a directional coupler has been
detected, and used to control the DC bias voltage of
the gate and drain dynanﬁcallymm]. In this paper, the
PAE of power amplifier has been improved by

controlling the gate and drain bias.
II. High Efficiency Power Amplifier

(1) Switch—mode Power Amplifier

The main idea of switch-mode PA technology is to
operate the transistor in saturation, so that either
voltage or current, depending on amplifier class, is
switched on and off. In other words the transistor is
operated like the ideal switch in the switch-mode
power amplifier. The voltage and current waveforms
of the transistor must not overlap if the power

consumption of the transistor is to be minimized, and
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Switch-mode amplifier basic circuit.
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the high-efficiency property of the power amplifier is
obtained by switching the transistor between its
“ON” and “OFF” states. Fig. 1 shows a simplified

block diagram of a switch-mode power arnplifier[7].

(2) Class—E power amplifier
At first proposed by Sokal, Theoretical drain
efficiency of 100% can be achieved because the
class=E power amplifier attains high conversion
efficiency by preventing simultaneous high voltage
and high current across the device. But the efficiency
is affected by parasitic component, so it is not 100%
experimentally. Fig.2 shows the ideal circuit of
class-E power amplifier, which consists of an ideal
switch, parallel capacitor, simple resonant circuit, and
specific load impedance. A class-E power amplifier is
more efficient than other classes of amplifier as a

result of its lower power consumption. A class-E

Voe

Lk
Ideal <R
Switch i 5
(a)
z
]
2
£
z
O i swmeH i swmcH [t
"OFF' STATE '} “ON" STATE

VOLTAGE ACROSS SWITCH

(b)
a8 2. Class-E MHZE7| (@) 7= (b) EX|AEC
Mot & uty
Fig. 2. Class-E power amplifier (a) configuration (b)

voltage and current waveforms of the transistor.
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power amplifier using the same operation frequency,
output power, and transistor consumes 2.3 times less
power than a conventional class-B or class-C power
amplifier. Figure 2 (a) shows the ideal class-E power
amplifier circuit, (b) shows the ideal voltage and
current wave forms of transistor in the class-E

power amplifier” .

[ll. Theory and design of dual bias control

PAE can be expressed as Equation. (1)

P, P

output L input

(Vas X Igs) + (Vs X Igg)

PAE= (D

In this paper, both voltages of gate and drain have
been controlled by input power level. A gate and
drain bias control circuit has been used by controlled
both gate and drain voltages in which an envelope
detector using an LTC5507 RF power detector with a
good linearity and the stability.

The input signal power has been detected by a RF
power detector, which controlled gate and drain

lout

'
B
V3

Vout

Vi vz

% 3. RF 2E=2ielzf cfekst DC HEo|o{A
Fig. 3. RF load line and various DC bias point.
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voltage for the power amplifier. The gate control
voltage has been increased to level up of dc voltage
of RF power detector by operation ampliﬁer[m].

As Shown in Fig. 4 corresponding to increasing in
input power, a bias control circuit has been fabricated
in this research using a directional coupler due to the

decrease in the gate and drain bias voltage value.

IV. Design of Power Amplifier Design

Fig. 5 shows the circuit for a two-stage class-E

power amplifier consisting of a drive amplifier and a
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Fig. 6. Power amplifier using gate and drain bias

control circuit (a) block diagram (b) proposed
power amplifier.
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class-E power amplifier. The two-stage structure
using the drive amplifier is adopted for the high gain
property, and the class-E power amplifier structure is
used for the high efficiency property. The target
application of our work is in magnetic resonance. The
mnput impedance of the antenna coil is 502, therefore,
the output port of the power amplifier was matched
at 50 Q.

The output power of 40.17dBm was measured
through an output power of 9.17dBm at 13.56MHz
with the attenuator which has the measurement of
the output power is -30.83dB. The drain currents of
the drive amplifier and power amplifier stages are
12mA and 478mA, respectively. There for PAE is
80.5% and the gain is 30dB of the overall amplifier.
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Fig. 6 shows block diagram of the gate and drain

bias control circuit.

V. Conclusion

In this paper, we employed the drain and gate bias
control circuit to improve PAE of power amplifier.
The envelope of the input signal has been detected,
and it has been used to control dc bias of the drain
and gate dynamically.

As a result, we obtained the PAE about 80.5%. It
has been improved 4% by the power amplifier using
the gate and drain bias control circuit when compare
with that of the fixed bias power amplifier.

The PAE of proposed power amplifier has been

improved even at lower input power level.
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