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ABSTRACT

A new high efficiency amplifier concept

which ideally delivers 100 0/0 drain efficiency and

class A gain is described. The power amplifier
realized with a commercially available GaAs FET
has demonstrated 74 ‘Mo power-added efficiency,
27.9 dBm output power, and 14.4 dB gain at
1.62 GHz.

INTRODUCTION

The improvement of power-added efficiency

and reliability of microwave power amplifiers has

been investigated by many researchers over the
last twenty-five years (Table 1). Most practical
realizations of high efficiency microwave power

amplifiers make use of the so called class F mode,
where the device is biased at class B or class B
near class AB and harmonics are controlled in
such a way that the device output voltage
becomes rectangular [1]-[5] (Fig. 1). Many
modifications of this switched type amplifier have
been introduced by several designers to improve
the efficiency, e.g., class E [6], rectangularly

driven class B (rB) [7], [8], or harmonic reaction

amplifier (HRA) [9], [10]. All of them operate at
a class B near input level, where up to half of the
input power is lost. This affects the gain which is
about 3 to 6 dB less than the corresponding class
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Again and, therefore, the power-a,dded efficiency
is decreased drastically as compared with the high
device efficiency. Furthermore, device reliability
is limited due to high negative gate to source

voltage [11].
In this work we present an innovative

amplifier concept which combines the advantage
of high gain of class A with the advantage of high
drain efEciency of class F.

Ref. class f POUT GT ~D ~PA

[GHz] [dBm] [m] [%] [%]

[1: F 1.75 24.5 11.() 77 71
:2: F 0.9 35.7 12.7 56 53

:3” F 0,84 32.0 - 76 -

:4: F 1.7 31.8 11.8 73 68
F 0.9 33.0 11.() 76 70

[:: E 1.0 29.7 14.7 75 73

[7: rB 0.9 36.1 13.0 63 60

[8: rB 0.8 36.2 12.2 66 62
[9: HRA 2<0 37.0 12.() 75 70

[10] HRA 1,7 34.1 9.0 86 75

Table 1 Comparison of achievements in high efficiency
power amplifier design reported in the literature.

CONCEPT

The amplifier concept that we describe is

based on a modified class A amplifier that uses a
half sinusoidal input signal to operate the transis-
tor as a switch (Fig. 1). With the suitable har-
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monic load the amplifier offers the same drain

efficiency as a class F amplifier (ideally 100 VO),

but with the gain of class A. Consequently,

power-added efficiency of this half sinusoidally

driven class A harmonic control amplifier

(hFICA) is higher compared with class F. Reli-

ability is expected to be improved, too, as the

gate of the device is stressed much less due to

reduced input power and lower negative input

voltage.

t“t “t

__4sEil!Lo
2VP VP VGSO O 0 VDSO VDSm O m h

~v’s ~v’s

Fig. 1 Comparison of ideal

class F and hHCA.

waveforms and load lines of

The desired input signal is generated by a

pulse shaping stage which operates as a resis-

tively loaded class B amplifier and needs not to

be overdrive. This promotes the amplifier reli-

ability, too. Due to the high gain of the power

stage the reduction of overall ef%ciency due to

the driver stage is kept within a few percents, and

this justifies the introduction of this two-stage

hHCA concept.

DESIGN

Fig.2 illustrates the block diagram of the
two-stage amplifier where the half sinusoidal
signal is approximated by the flmdamental fre-
quency along with the second harmonic. At the
driver FET output flmdamental and second har-
monic signal are separated from each other by an

appropriate filtering network. With two continu-
ously variable attenuators and a continuously

variable phase shifter ((p(fo) = O...180°) the opti-
mum input signal can be adjusted at the gate of

the power FET after combining both signal paths.
When magnitude and phase relation of both input

signals of the power amplifier are known, the
operation condition of the driver amplifier is
changed for this optimum fi.mdamental and
second harmonic output power and the tuning
network can be replaced by simple transmission
lines.

In order to separate fimdamental and second
harmonic frequency signal we constructed a
frequency splitting network as illustrated in Fig.3.
A detailed analysis of this circuit shows that all

odd harmonics are guided to the fi.mdamental
frequency output, whereas all even harmonics are
guided to the output of the second harmonic.
Based on this circuit we were able to control the

impedance matching of the first three harmonics

at the driver amplifier output and the power

amplifier input independently.
At the driver amplifier input a tuneable

second harmonic source impedance matching was
foreseen to optimize its fundamental to second
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Fig.2 Block diagram of the two-stage hHCA with tuning network.
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harmonic output power ratio. At the power stage

output we implemented tuneable stubs to control
second and thkd harmonic load impedances
which were crucial for an optimum drain pulse

shaping and, therefore, for maximum power-
added efficiency. Furthermore, fimdamental fre-

quency and second harmonic input matching of
the power amplifier could be improved via vari-
able tuning stubs, too.
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Fig. 3 Frequency splitting network. Lengths of lines are

given in wavelengths of fundamental frequency.

The transistor that we used for the develop-
ment of a hybrid version of both driver and

power stage of an hHCA at 1.62 GHz was a
commercially available packaged GaAs FET

(Thomson TC65 19). For our simulations with
JOmegaTM [12] we have generated a large signal
model of this FET with the parameter extraction
software HarPETM [13]. Therefore, we had to
perform DC and multiple bias S-parameter meas-

urements (up to 10 GHz) using a filly automatic
computer controlled transistor characterization
unit developed by us.

PERFORMANCE

The first realizations of driver and power
amplifier operated optimally with only little

tuning at the specified stubs. Therefore, no
redesigns had to be periiormed and the amplifier
had been filly designed on the circuit simulator.

The measured output power and power-
added efficiency characteristics of the power

amplifier stage are shown in Fig.4. It had demon-

strated 74 ‘%0 power-added efficiency, 27.9 dBm
output power, and 14.4 dB gain at 1.62 GHz
which was well in agreement with the simulation
results (Table 2). Furthermore, this was an
increase of 3 ‘XO power-added efficiency, 1.1 dB
output power, and 3 dB gain as compared with
the power stage with the same FET operated at

class F (Table 3).

30, I I I ~180

Fundamental Input Power [dBm]

Fig.4 Measured output power and power-added effi-

ciency versus fundamental input power of half
sinusoidally driven power amplifier at 1.62 GHz

and Pw(l)/Pm(2) = 6.5 dB.

‘A2=erkhai%kii~~(’)
Simulation 28.2 15.1 79 76

E+

7.8

Realization 27.9 14.4 77 74 6.5

Table 2 Comparison of simulation and measurement of

half sinusoidally driven power amplifier at 1.62

GHz.

Power

E

3

POUT GT q~ rlp~~ PIN(O#(’)
Amplifier [dBm] [d13] [%] [%]

hHCA 27.9 14.4 77 74

E

6.5

Class F 26.8 11<4 77 71 -

Table 3 Comparison of measured performance of hHCA

and class F amplifier at 1.62 GHz.
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The combination of driver and power

amplifier without tuning network delivered 71 0/0

overall efficiency, 27.9 dBm output power, and
22.4 dB gain.

CONCLUSION

An innovative high efficiency harmonic

control amplifier concept where the power stage
is driven by a half sinusoidal signal delivers high

power-added efficiency along with class A gain.
The realization of such a power amplifier at 1.62
GHz has demonstrated 7470 power-added effi-
ciency, 27.9 dBm output power, and 14.4 dB
gain.
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