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LOAD MISMATCH ADAPTATION IN
COUPLER-BASED AMPLIFIERS

BACKGROUND

This invention relates to electronic amplifiers and more
particularly to coupler-based amplifiers.

FIG. 1 is a circuit diagram of a conventional coupler-
based amplifier 100 that includes two amplifier devices 102,
104. This circuit architecture is typically used when the
output power to be delivered to the load 7, exceeds the
capability of a single amplifier device. In the figure, the
source is indicated as a voltage source and a series imped-
ance Z,. When the 3-dB couplers 106, 108 are of quadrature
type, e.g., field-coupled lines with an electrical length of
one-quarter wavelength, mismatches between the individual
amplifier devices 102, 104 and the couplers do not appear at
the source and load connections. It will be noted that as
shown, the secondary connections of the couplers are ter-
minated in the characteristic impedance Z,. This architec-
ture also provides some protection against amplifier device
failure in that if one device breaks down, the amplifier still
works but with reduced output power.

Coupler-based amplifiers are known in the art. U.S. Pat.
No. 4,656,434 to Selin discloses a coupler-based power
amplifier where load mismatch is compensated by feedback
from the output coupler to the input coupler. U.S. Pat. No.
6,297,696 to Abdollahian et al. discloses a coupler-based
power amplifier with dynamic load impedance matching
based on measured reflected output power. U.S. Pat. No.
6,515,541 to Cheng et al. discloses a coupler-based power
amplifier with impedance modification circuits coupled to
the isolated ports of the couplers, in which the impedances
are modified when one amplifier is turned off. U.S. Patent
Application Publication No. 2002/0186079 to Kobayashi
discloses a balanced amplifier with a coupler connected to
the inputs of the amplifiers and matching networks con-
nected to the outputs of the amplifiers.

A problem with conventional amplifiers such as those
described above is that when the amplifier is connected to a
varying load impedance Z,, the impedances 7Z;,, Z,,"“seen”
by each amplifier device diverge from the nominal value of
Z;,e.g., 50 Q. Ifthe load is purely resistive, the impedances
diverge in opposite directions with respect to both the real
and imaginary parts. One amplifier device “sees” an imped-
ance that is approximately equal to the load impedance (i.e.,
Z;,~7,), and the other amplifier device “sees” the imped-
ance of a A/4-transformed load impedance (i.e., Z,,~Z,/
Z;). This in turn leads to diverging signal amplitudes V_,,,,
V,.u2, respectively, from the amplifier devices 102, 104.

SUMMARY

Disadvantages and problems in previous coupler-based
amplifiers are addressed by this invention, which in one
aspect provides a coupler-based amplifier that includes a
first branch amplifier device that produces a first branch
output signal; a second branch amplifier device that pro-
duces a second branch output signal; a coupler connected to
the first and second branch amplifier devices such that the
first and second branch signals are combined for delivery to
aload; a first envelope detector that produces a first envelope
signal based on the first branch output signal; a second
envelope detector that produces a second envelope signal
based on the second branch output signal; and a differential
device that forms a control signal corresponding to a dif-
ference between the first envelope signal and the second
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envelope signal. The control signal is related to a reflection
coeflicient of the load. In another aspect of the invention,
such a coupler-based amplifier further includes a variable
matching network (VMN) that is controlled by the control
signal such that impedance transformation between the load
and an output port of the coupler is controlled.

In another aspect of this invention, a method of control-
ling a coupler-based amplifier that has at least two branch
amplifier devices and a coupler that deliver a signal to a load
includes the steps of generating a control signal based on a
difference between respective output signals generated by
two branch amplifier devices; and controlling the two branch
amplifier devices based on the control signal. The control
signal is related to a reflection coefficient of the load. The
measuring step may includes the steps of detecting enve-
lopes of the output signals; subtracting one detected enve-
lope from the other detected envelope, thereby forming a
difference signal; and comparing the difference signal to a
reference, thereby forming the control signal.

In yet another aspect of this invention, a coupler-based
amplifier includes a first branch amplifier device that pro-
duces a first branch output signal; a second branch amplifier
device that produces a second branch output signal; a
coupler connected to the first and second branch amplifier
devices such that the first and second branch signals are
combined for delivery to a load; a first envelope detector that
produces a first envelope signal based on the first branch
output signal; and a second envelope detector that produces
a second envelope signal based on the second branch output
signal. The amplifier further includes a first adjustable power
supply for the first branch amplifier; a second adjustable
power supply for the second branch amplifier; a first differ-
ential device that forms a first control signal corresponding
to a difference between the first envelope signal and an
output level of the first adjustable power supply; and a
second differential device that forms a second control signal
corresponding to a difference between the second envelope
signal and an output level of the second adjustable power
supply. The first and second control signals are related to a
reflection coefficient of the load. The first control signal
controls the output level of the first adjustable power supply
and the second control signal controls the output level of the
second adjustable power supply.

BRIEF DESCRIPTION OF THE DRAWINGS

The various objects, features, and advantages of this
invention will become apparent from reading this descrip-
tion in conjunction with the drawings, in which like ele-
ments are identified by like reference characters and:

FIG. 1 is a circuit diagram of a conventional coupler-
based amplifier;

FIG. 2 is illustrates a coupler in a configuration with two
power sources;

FIG. 3 is a plot of simulated branch signal amplitude
difference as a function of output load for the conventional
coupler-based amplifier;

FIG. 4 is a plot of simulated normalized power at the load
as a function of output load for the conventional coupler-
based amplifier;

FIG. 5 is a plot of branch signal amplitude difference as
a function of output load for the conventional coupler-based
amplifier;

FIG. 6 is a plot of normalized power at the load as a
function of output load for the conventional coupler-based
amplifier;

FIG. 7 depicts a model of an amplifier device;
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FIG. 8 is a plot of simulated normalized absolute imped-
ance as a function of corresponding reflection coefficient for
the model of FIG. 7,

FIG. 9 is a plot of measured normalized output level of an
amplifier device as a function of the load reflection coeffi-
cient;

FIG. 10 is a diagram of an amplifier that measures signal
amplitude differences where the signal amplitudes from each
amplifier device are detected by envelope detectors;

FIG. 11 is a diagram of a coupler-based amplifier having
envelope detectors and a variable matching network con-
trolled by an amplitude difference signal;

FIG. 12 is a flow chart of an “algorithmic” amplifier
optimization method;

FIG. 13 depicts an exemplary variable matching network
that is based on fixed inductors and variable capacitors;

FIG. 14 depicts an exemplary set of capacitors and
respective switches that produce a variable total capacitance;
and

FIG. 15 is a diagram of a coupler-based amplifier having
envelope detectors and adjustable power supplies.

DETAILED DESCRIPTION

This invention exploits a property of a coupler-based
amplifier that provides a measure of load mismatch based on
the difference between two output signal amplitudes from
two branch signal amplifiers. This measure can be used to
control a variable matching network (VMN) or individual
supply voltages for each amplifier to maintain constant
distortion levels and high power transfer/efficiency. The
invention described in this application exploits this property
to measure load mismatch by comparing the amplifier
device output amplitudes and adjusting the circuit based on
the comparison to counteract undesired behavior, such as
increasing distortion levels.

FIG. 2 illustrates a coupler in a configuration with two
power sources, and this configuration can be used to model
the output of the two amplifiers. In the diagram, two power
sources (0.63-volt sources with series impedances Zg) drive
an ideal field-coupled-line 3-dB coupler with an electrical
length of one-quarter wavelength. The power sources are in
quadrature as indicated by the respective phase angles to
direct all power to the output load 7, under nominal oper-
ating conditions. The sources “see” respective impedances
Z;,, Z;,. An AC-analysis, which may be conveniently
carried out by a system such as HP ADS, can be used to find
the branch signal amplitude difference IV _,,,1-IV .| and the
output power when the output load impedance Z; is varied.

The results of such an AC-analysis are presented in FIGS.
3 and 4, which show the signal amplitude difference as a

function of [, ([';-plane or Smith-chart plane), where [, is the
reflection coefficient for the load of the coupler-based con-
figuration and the nominal impedance is 50 €. FIG. 3 shows
the branch signal amplitude difference as a function of
output load impedance Z;, and FIG. 4 shows the normalized
power at the load P-P,,,, as a function of output load
impedance. FIG. 3 shows that the branch signal amplitude
difference is directly related to the real part of the load
reflection coefficient [;.

Whether a more realistic amplifier circuit, in particular a
silicon-germanium (SiGe) power amplifier output stage
operating at 1.95 GHz, shows the same behavior as the
simplified circuit diagram of FIG. 2 has been investigated.
The SiGe power amplifier was not conjugately matched
between the coupler and each amplifier device. Instead, the
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impedance levels were selected to optimize output power for
a given supply voltage. Thus, there was a mismatch, which
could be expected to affect the behavior to some extent.

FIGS. 5 and 6 show simulated results on the SiGe circuit
for the functional relationships that were simulated in FIGS.
3 and 4. As is readily seen by comparing FIGS. 3 and 5, and
FIGS. 4 and 6, approximately the same characteristics are
obtained, although the plot in FIG. 5 of IV, -V , ..l is

slightly rotated in the [;-plane due to imperfections of the
actual coupler. Also, the normalized power plot in FIG. 6 is
somewhat distorted. Nevertheless, it will be recognized that
the branch signal amplitude difference can be used as a
coarse but useful measure of the load mismatch.

outl out2

Although the branch signal amplitude difference is a
measure of the load mismatch, it is a single (real-valued)
quantity. Thus, it does not provide complete information on
where on a Smith-chart one can find the load. In fact, the
branch signal amplitude difference is related almost solely to

the real part of [, which is the reflection coefficient for the
load as seen by one amplifier device, e.g., the input imped-
ance of one of the input ports of the coupler. Nevertheless,
if the goal is to provide operating conditions for the amplifier
devices 102, 104 such that the signal level as well as the
distortion level is kept approximately constant, then it is

sufficient to rely on the real part of [,.

The rationale for this can be seen by considering the
simple model of one amplifier device that is shown in FIG.
7. The output of the amplifier is modeled as a current source
I that drives a load impedance Z, . With everything else kept
constant, the absolute voltage signal level V] across the load
is proportional to the absolute value of the impedance 17, |,
with the constant of proportionality being simply the abso-
Iute value of the current [Il. This will be recognized as an
expression of Ohm’s law. The relationship between IZ,,],
which is the load seen by one amplifier device, and the
reflection coefficient [, for the simple example of FIG. 7 is
depicted in FIG. 8, which shows the normalized absolute
impedance Z;./7, as a function of the corresponding reflec-

tion coeflicient [,,. From FIG. 8, it can be seen that the

imaginary part of [, has only a limited effect on 17, land
therefore also only a limited effect on the corresponding
signal level.

In practice, each amplifier device has an output imped-
ance itself and generally the characteristics of the output
impedance are nonlinear and complicated. For the SiGe
power amplifier device simulated above, substantially the
same behavior as shown FIG. 9 was observed, where the
normalized output level V,,/V, of one SiGe amplifier
device (i.e., the normalized absolute output voltage using
nominal load impedance) is shown as a function of the

reflection coefficient [, It will be noted from FIG. 9 that for
increasing impedance, the output levels out somewhat due to
the output impedance of the amplifier stage.

FIG. 10 is a diagram of an amplifier 100' that measures
branch signal amplitude differences where the branch signal
amplitudes from each amplifier device 102', 104' are
detected by detectors 110, 112. As in the arrangement of
FIG. 1, the amplifier devices are connected to the load
impedance 7Z; through a 3-dB coupler 106'. Attenuators,
filters, and other signal conditioning components may pre-
cede the detectors 110, 112, if desired. The detected ampli-
tudes are subtracted, for example by a suitable differential
amplifier 114, to obtain a control signal V ., that is












