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ABSTRACT A

The concept of a half sinusoidally driven class A
harmonic control amplifier (hHCA) for a center

A

frequency of 1.6125 GHz is expanded by a

dynamic bias control, that uses the DC drain =

current of the driver stage for an envelope ZIﬁ S ;f' /
dgtectlon of the input s_lgnal. At two-ton(_-,-_-ves A \7' ) . P
stimulus the control of drain voltage and drair >

current of the power stage according to the
envelope of the input signal improves either

intermodulation distortion distance (IMDD) by ——

10 dB or raises overall power-added efficiency r ' '

(PAE) for two-tone signals to 60%, a value Yov

similar to single-tone excitation. Fig. 1: Dynamic load line and signal waveforms

INTRODUCTION of an hHCA for three different input power levels

For a lot of modulation schemes the transmittervoltages. As conclusion they found optimum
amplifier of a radio-link has to deal with a drain voltages for given two-tone or noise input
highly time-varying envelope of the input signal. power levels [3].

A conventional class A amplifier design solves

this problem by driving the amplifier far below THE hHCA CONCEPT
output power compression to offer a sufficient The concept of the hHCA [4] is based on a class
dynamic range. This leads to good linearity butF amplifier which is a class B amplifier with a
poor efficiency of the power amplifier. special harmonic output matching. The same
Adel A. M. Saleh et. al. have shown that a matching is used for an hHCA but the input
dynamic control of the gate bias can improve thesignal of the hHCA is half sinusoidal. This
efficiency of a class A amplifier by lowering the signal is generated by a class B driver stage. The
drain current for small input power levels [1]. C. advantage of an hHCA is that its gain is similar
Buoli et. al. reported a DC power-saving by useto the class A gain of the amplifying device
of an envelope controlled drain power supply which is 3 dB to 6 dB higher than that of a class
without any degradation of the transmitted F or class B amplifier and that the drain
spectrum [2]. S. Bouthilette et. al. have shownefficiency is as high as in class F (ideally
the relation between efficiency, noise power 100 %). Therefore, an hHCA can reach very
ratio, and input power level for different drain high power-added efficiencies.
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This high efficiency is caused by the relation of IMPLEMENTATION (Fig. 2)
current and voltage waveform at the output of
the amplifying device. The harmonic matching The class B driver stage is realized with a
forces the current waveform to be half THOMSON TC6519 GaAs MESFET. It
sinusoidal and the voltage waveform to bedelivers a fundamental frequency signg) énd
rectangular (Fig. 1). Drain voltage and drain a second harmonic frequency signab)26 the
current are phase-shifted so that drain currenhHCA power stage. When these two signals
reaches zero when drain voltage is unequal tdhave the right magnitude and phase relationship
zero and vice versa. When the bias is fixed thisthe superposition is a good approximation of a
relation is true only for one special input power half sinusoidal signal. Combining of these two
level even in the ideal case. So, if input powersignals is done by the input matching network of
level decreases, drain current and drain voltagehe hHCA.
have also to be decreased to get maximunBecause the driver stage is biased at class B, the
efficiency (Fig. 1). DC drain currentd; depends on the amplitude
For a real device the gain gets too small whernof the RF input signal. This effect is used to
the drain voltage ¥s and the drain curreng lis detect the envelope of the input signal [5]. We
lowered too much. An upper bound is reacheduse a shunt and a video operational amplifier to
when the device is overdriven. In practice thereget a reference input signal for the drain current
is a device dependent rangé, and AUps for control and the drain voltage control.
changing the bias according to the input powerThe hHCA power stage consists also of a
level to get an improvement in efficiency. THOMSON TC6519 GaAs MESFET. The drain
current control uses the gate voltagesy)as
actuating signal to controlpd. The feedback
signal is generated by a shunt and a video
drain voltage control A 2.7y A4.5v 4 61V operational amplifier. Offset and ratio af;Ito
Ip2 can be tuned to adjust the essentially linear
control characteristic.
To provide the drain voltage p¢> with high
efficiency, a switched mode power supply is
arain curent state of the art. To cope with the large
e (v IR WS S 3 bandwidth of the control signal it would be

comb‘d‘r&r‘)r

rX VAR R e e

S necessary to use a_very high switching
c .
| I T frequency. Because such switched mode power
Ves Voo supplies are not commercially available, we

implemented the voltage control with three fixed
voltages and switch them according to the
reference signal. The threshold values of the

: comparator can be set to adjust the control
gg"ee’ sptngr characteristic of the voltage control. For our first
clogs B hHgA experiments we used 2.7V, 45V and 6.1V as
fixed voltage values.

RF input
|

RF output
| ___d

Fig. 2: Block diagram of the hHCA with
dynamic bias control
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MEASUREMENTS in the fixed bias case (Fig. 4). The unsteady
We performed single carrier and two-tone IMDD curve is caused by the drain voltage
measurements on the amplifier with two switching and can be smoothened out by
different control characteristics for the bias adjusting the three fixed voltage values and the
voltages. The center frequency for all measurethresholds of the comparator.
ments was 1.6125 GHz. The frequency spacindt is important to note that for this control
for the two-tone measurements was 4 kHz. Tocharacteristic the gain for a two-tone signal is
characterize the intermodulation distortion we almost constant over the whole input power
use the intermodulation distortion distance range, but the output power level is even lower
(IMDD) which we calculated according to than with the control characteristic adjusted for a

0 0 high PAE.

D Pcarrier D
IMDD [dBc] :10[[1)9@2'%@ n=3,5,7,9, CONCLUSION

We have improved a harmonic control amplifier
where SPearier is the power delivered by the for 1.6125 GHz by a dynamic bias control.
amplifier at the signal frequencies aBtMD is Measurement results for two different control
the sum of the power delivered at tH& 5", 7", characteristics show that overall power-added
and 9" order intermodulation frequencies. efficiency can be doubled for small input power
Fig. 3 shows the result of a single carrier and devels. Alternatively intermodulation distortion
two-tone measurement. Both measurementglistance can be improved by up to 10 dB for
were taken with the same control characteristicarge input power levels. In principle, this two
that raises the overall power-added efficiencycontrol characteristics can be combined to get
(PAE) for low input power levels. Two high efficiency amplifiers with good linearity
remarkable effects appear to the PAE. The firstover a large input power range.
effect which can be seen in Fig. 3 is that PAE
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Fig. 3: Comparison of single carrier performance and two-tone performance with a control
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Fig. 4. Comparison of two-tone performance with fixed biaspat=6.1 V and

Ip2=100 mA and two-tone performance bias-control adjusted for high IMDD
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