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METHOD AND SYSTEM FOR SWITCHING MODE POWER AMPLIFICATION

FIELD OF THE INVENTION

The invention relates to a modulation system and to a

method for generating a modulated signal.
BACKGROUND OF THE INVENTION

Modulation systems are known from the state of the art
for modulqting a first signal based on a second signal,
for instance for modulating a radio frequency carrier
based on information that is to be transmitted in a

cellular system.

Due to the increasing requirements on spectral
efficiency, variable envelope modulation methods have
become more and more popular in cellular systems. With
variable envelope modulation methods, however, the
limited efficiency of conventional power amplifiers may
cause heat and/or operation time problems in the
transmitter equipment, in particular in thermally limited
equipment like terminals. In order to reduce the amount
of these effects, new transmitter architectures making
ugse of switching mode power amplifiers have been

. proposed. Switching mode power amplifiers can
theoretically approach a power efficiency of 100%. They
have the disadvantage that they are extremely amplitude
non-linear, but they do not alter significantly the phase

of the input phase modulated signals.

CONFIRMATION COPY
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A modulation system which enables a variable envelope
modulation while making use of switching mode power
amplifiers is the LINC (Linear Amplification with
Nonlinear Components) system, which was proposed by D.C.
Cox of the Bell Laboratories in "Linear Amplification
with Nonlinear Components", IEEE Transactions on
Communications, COM-22, pp. 1942 to 1945, December 1974.
The basic principle of the LINC system is to represent
any arbitrary bandpass signal, which has both amplitude
and phase variations, by means of two signals which are
of constant amplitude and have only phase variations.
These two angle modulated signals can be amplified
separately using power efficient nonlinear amplifiers.
The outputs of these amplifiers are then combined by a
summing unit in order to produce the desired variable
amplitude signal. A problem of this system is the
combination of two non-coherent amplified signals. The
efficiency of the system varies with the momentary angle
between the two amplified signals and will thus be below
100%:

In a pulse-width modulation (PWM) system, the original
signal is coded to a two-level signal that has pulses of
varying widths. The mean value of the two-level signal
follows the desired output signal and can be extracted by
filtering. Pulse density modulation (PDM) is an
alternative way to accomplish the same task. These
methods are widely used for switching mode power

supplies.

A PWM system has been described for example in document
EP 1 271 870 A2, which presents also a possibility of
creating a three-level bandpass PWM signal instead of the

traditional two-level low-pass PWM signals only.

2
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Another pulse modulation method, which resembles the

above-described PWM systems, is enabled by a Sigma-Delta
modulation system. A bandpass Sigma-Delta modulator can
also be employed for transforming a modulated ginusoidal

carrier to a two-level signal.

It is desirable, however, to provide alternative
solutions for coding an original control signal to a two-

level signal.
SUMMARY OF THE INVENTION

It is an object of the invention to provide a modulation
system and a method, which allow generation of a two-

level signal with a desired modulation.

It is further an object of the invention to provide a
modulation system and a method, which allow generation of
a signal which is suited for amplification by a switching

mode power amplifier.

A modulation system is proposed, which comprises a first
constant envelope modulator modulating a signal according
to a first control signal and a second constant envelope
modulator modulating a signal according to a second
control signal. The proposed system further comprises a
combining portion combining the output gsignal of the
first and the second constant envelope modulator to a
single, two-level pulse-width-modulated signal.
Tnformation which is to be represented by a modulation of
the single, two-level pulse-width-modulated signal is

coded in the first and the second control signal.
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In addition, a method for gemerating a modulated signal
ig proposed, which comprises modulating a signal
according to a first control signal to obtain a first
modulated constant envelope signal, modulating a signal
according to a second control signal to obtain a second
modulated constant envelope signal, and combining the
first and the second modulated constant envelope signal
to a single, two-level pulse-width-modulated signal.
Again, information which is to be represented by a
modulation of the single, two-level pulse-width-modulated
signal is coded in the first and the second control

gsignal.

The invention proceeds from the idea that the known LINC
system can be redesigned to provide a two-level constant
envelope signal. The information which is to be
represented by a final modulation, e.g. amplitude and/or
phase of an analog control signal, is coded into two
control signals controlling the modulation applied by two
constant envelope modulators. The modulation may comprise
a phase modulation in case the output constant envelope
signals are sinusoidal signals, and a modulation of
transition times in case the output constant envelope
signals are pulsed signals. The two constant envelope
signals are then combined to a single two-level constant

envelope signal.

It is an advantage of the invention that it provides a
single constant envelope signal in the form of a two-
level signal, which can be amplified using a single
nonlinear amplifier, e.g. a switching mode amplifier.
Thereby, the non-coherent power combining of the

traditional LINC system can be avoided.



WO 2004/110004 ‘ PCT/1B2004/001737

It is further an advantage of the invention that it

provides an alternative to a Sigma-Delta modulator.

The constant envelope modulators of the proposed
modulation system can be either digital constant envelope
modulators or analog constant envelope'modulators.
Digital constant envelope modulators modulate the
transition times of pulse trains going'through. The input
signals to the combining portion are in this case pulse
position modulated (PPM) signals, whereas the output
signal of the combining portion is a PWM signal. Analog
constant envelope modulators modulate the phase of a
sinusoidal carrier depending on a received control
signal. The invention has the advantage over the known
delta-signal modulation in that the width of the
resulting pulses is not discrete, discrete pulse widths

causing guantization noise.

The single two-level constant envelope signal which is
generated in accordance with the invention can be
provided in particular, though not exclusively, to a
switching mode amplifier for amplification. If the single
two-level constant envelope signal is fed to a switching
mode amplifier, both high linearity and high power

efficiency can be achieved in the amplification.

Known switching mode amplifiers are for instance class D
or class E amplifiers. Class-E amplifiers, which are
suitable for radio frequencies, do not work well with
varying duty cycle of a provided signal, though. Class-D
power amplifiers are inherently well suited for signal
with varying duty cycles. Further, it has been presented
by H. Kobayashi, J. Hinrichs and P.M. Asbeck in: "Current
mode Class-D Power Amplifiers for High Efficiency RF

5
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Applications", IEEE MTT-S 2001 International Microwave
Symposium Digest, pp. 939-942, that class D power

amplifiers can also work at radio frequencies.

Other objects and features of the present invention will
become apparent from the following detailed description
considered in conjunction with the accompanying drawings.
Tt is to be understood, however, that the drawings are
designed solely for purposes of illustration and not as a
definition of the limits of the invention, for which
reference should be made to the appended claims. It
should be further understood that the drawings are merely
intended to conceptually illustrate the structures and

procedures described herein.
BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 is a schematic block diagram of an embodiment of
a modulation system according to the invention;
and

Fig. 2 illustrates a possible variation in the

embodiment of figure 1.
DETAILED DESCRIPTION OF THE INVENTION

Figure 1 presents an exemplary embodiment of a modulation
system according to the inGention, which can be employed
in a transmitter for achieving a variable envelope

modulation of a radio frequency signal based on amplitude

varying control signals.

In the modulation system of figure 1, a first input 'I'
ig connected on the one hand to a first processing

component 1 and on the other hand to a second processing

6
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component 2. A second input 'Q' is equally connected on
the one hand to the first processing component 1 and on
the other hand to the second processing component 2. The
output of the first processing component 1 is connected
to a first input of a summing unit 3 and to a non-
inverting input of a subtraction unit 4. The output of
the second processing component 2 is connected td a
second input of the summing unit 3 and to an inverting
input of the subtraction unit 4. The first and the second
processing component 1, 2, the summing unit 3 and the
subtraction unit 4 constitute an input signal processing

portion of the modulation system of figure 1.

The output of the summing unit 3 is connected via a first
phase modulator 5 to a first input of a logic exclusive-
or circuit XOR 7. The output of the subtraction unit 4 is
connected via a second phase modulator 6 to a second
input of the XOR circuit 7. The input signal processing
portion forms together with the two phase modulators 5, 6
and the XOR circuit 7 a pulsewidth modulator. Instead of
the XOR circuit 7, an exclusive-nor circuit XNOR could be

used.

The output of the XOR circuit 7 is connected via a
switching mode power amplifier 8 and a bandpass filter 9
to an output 'Out' of the modulation system of figure 1.

The modulation system of figure 1 operates as follows.

A band-pass signal x(t) which is modulated in amplitude

and phase can be represented in a canonical form as:

x(t)=I(t) cos(wt)—-Q(t) sin(wt),
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where I(t) and Q(t) constitute the in-phase and

gquadrature components of the signal.

In case such a band-pass signal x(t) is to be
transmitted, a Digital Signal Processor DSP (not shown)
determines the in-phase and quadrature components I(t)
and O(t) of the signal and provides them as voltages or
currents of varying amplitudes to the first input 'I' and
the second input 'Q', resbectively, of the modulation
system. Alternatively, the DSP could provide the in-phase
and quadrature components as digital signals. Further
alternatively, the in-phase and qguadrature components

could be determined and provided by a dedicated hardware.

Using the previously defined in-phase and quadrature.
components I(t)and Q(t), the phases ¢:, ¢@. for two

separate constant envelope carriers can be calculated

according to the following equations:

¢, =0+0a and

0, =0-a,

where 6@is the phase dependent angle:

Q
arctan(—
(I)

6=
2

and where @ is the amplitude dependent angle:

a__arcsinV(Iz+Q2)

2
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When calculating arctan (Q/I), all four quadrants should
be taken into account accdfding to the values of the I(t)

and O(t) signals. Compared to LINC system, the above

defined phases ¢@;, @, have to be divided in addition by
two, due to a freguency doubling that will take place

later on at radio frequency.

The processing portion of the modulation system
calculates control signals phal, pha2, which will cause
the first phase modulator 5 and the second phase

modulator 6 to modulate a sinusoidal radio frequency

signal according to the above defined phases @:, @-.

More specifically, the first processing component 1 of
the processing portion calculates a gignal arctanQQ/I)/z,

while the second processing component 2 of the processing

portion calculates a signal arcsin I*+0% /2.

The summing unit 3 of the processing portion then sums
the signals output by the first processing component 1
and the second processing component 2, in order to obtain
the first control signal phal, which is used for
controlling the first phase modulator 5. The first
control signal phal is a control voltage, which causes

the first phase modulator 5 to modulate the phase of a
sinusoidal radio frequency signal with the phase ¢@;. The

phase modulated constant eﬁvelope signal output by the

first phase modulator 5 is referred to as signal PM1.

The subtraction unit 4 of the processing portion
subtracts the signal output by the second processing

component 2 from the signal output by the first
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broéessing component 1, in order to obtain the second
control signal pha2, which is used for controlling the
second phase modulator 6. The second control signal phaZ2
is a control voltage, which causes the second phase

modulator 5 to modulate the phase of a sinusoidal radio
frequency signal with the phase @:. The signal output by
the second phase modulator 6 is referred to as signal

PM2.

In accordance with the above equations, the amplitude

dependent angle o thus increases the phase ¢; of the

signal PM1 output by the first phase modulator and

decreases the phase @, of the signal output by the second
phase modulator PM2, thereby coding the amplitude

information in the phase difference of PM1 and PM2.

The signals PM1 and PM2 are provided to the XOR circuit
7. The XOR circuit 7 transforms the two signals PM1 and
PM2 into a two-level PWM signal. This operation
effectively doubles the frequency of the phase modulators
5, 6. Therefore, the center frequency FC of the phase
modulators 5, 6 should be only half the desired
transmitter output frequency Flo. It has to be noted that
in some cases, the frequency doubling may even have a
beneficial effect. For example, a mixing of the
transmitted signal with the local oscillator can be

avoided when Flo=FC/2.

The two-level PWM signal can now be amplified by the
switching mode power amplifier 8 with a great linearity,
since a two-level PWM signal has a constant envelope. The
power amplified two-level PWM signal is then provided to

the band-pass filter 9, which transforms the two-level

10
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PWM signal into a variable envelope modulated radio
frequency signal, where the first harmonic of the two-
level PWM signal is reflected in the amount of variation
of the envelope. Finally, the variable envelope
modulation radio frequency signal is provided via the
output 'Out' of the modulation system to an antenna for

transmission.

The modulation system of figure 1 can be varied in many
ways. One possible variation is illustrated in figure 2,
which presents an alternative for the XOR circuit 7 of

figure 1.

In this alternative, the output signal PM1 of the first
phase modulator 5 is provided via a first limiter 10 to a
mixer 12, while the output signal PM2 of the second phase
modulator 6 is provided via a second limiter 11 to the
mixer 12. The mixer 12 is an analog multiplier and thus
constitutes an analog counterpart of an XNOR circuit. In
order to obtain an analog counterpart of the XOR circuit
7 of figure 1 instead, a 180° phase shifter or a phase
shifting/inverting amplifier would have to be connected
in addition to the output of the mixer 12. However, such
a phase shifting component can usually be omitted without
causing any effect on the modulation process itself. The
limiters 10, 11 ensure that the input signals provided to
the mixer 12 have already only two levels, e.g. a first,
positive level, whenever the signal PM1, PM2 output by
the respective phase modulator 5, 6 is larger than zero,
and a second, negative level, whenever the signal PMI,
PM2 output by the respective phase modulator 5, 6 is

smaller than zero.

11
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It is to be noted that also in the embodiment presented
in figure 1, limiters could be employed at the inputs of
the XOR circuit 7, in order to enhance the operation of

the XOR circuit 7. .

In a further variation of the modulation system of figure
1, the phase modulators 5, 6 are replaced by digital
modulators. In this case, the output signals PM1, PM2 of
the modulators already constitute two-level signals, and

limiters would not provide any advantage.

While there have shown and described and pointed out
fundamental novel features of the invention as applied to
a preferred embodiment thereof, it will be understood
that various omissions and substitutions and changes in
the form and details of the devices and methods described
lmay be made by those skilled in the art without departing
from the spirit of the invention. For example, it is
expressly intended that all combinations of those
elements which perform substantially the same function in
substantially the same way to achieve the same results
are within the scope of the invention. Moreover, it
should be recognized that structures and/or elements
and/or method steps shown and/or described in connection
with any disclosed form or embodiment of the invention
may bé incorporated in any other disclosed or described
or suggested form or embodiment as a general matter of
design choice. It is the intention, therefore, to be
limited only as indicated by the scope of the claims

appended hereto.

12
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What is claimed is:

1. A modulation system comprising:

a first constant envelope modulator modulating
a signal according to a first control signal;

a second constant envelope modulator modulating
a signal according to a second control signal; and

a combining portion combining output signals of
saidlfirst and said second constant envelope
modulators to a single, two-level pulse-width-
modulated signal, wherein information for
representation by a modulation of said single,
two-level pulse—width—modulated signal is coded in

said first and said second control signals.

2. The modulation system according to claim 1, further
comprising a processing portion, which processing
portion receives an in-phase component I and a
quadrature component Q of an analog modulation signal
containing said information which is for
representation by a moaulation of said single, two-
level pulse-width-modulated signal, and which

processing portion calculates said first control

arctan(%)+arcsin@I2+Q2)

2

arctan(%)—arcsin@Iz+Q2)

2

and said second

signal as

control signal as

3. The modulation system according to claim 1, wherein a

center frequency of said first constant envelope

13
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modulator and of said second constant envelope
modulator is half of a desired center frequency of

said single, two-level pulse-width-modulated signal.

4. The modulation system according to claim 1, wherein
said first and said second constant envelope
modulators are analog constant envelope modulators
modulating a sinusoidal signal in phase based on said

first and said second control signal.

5. The modulation system according to claim 4, further
comprising a first limiter comnverting the output
signal of said first constant envelope modulator into
a two-level signal, before it is provided to said
combining unit, and a second limiter converting the
output signal of said second constant envelope
modulator into a two-level signal, before it is

provided to said combining unit.

6. The modulation system according to claim 1, wherein
said first and said second constant envelope
modulators are digital‘constant envelope modulators
outputting a respective pulsed signal, in which the
transition times are modulated based on said first

and said second control signals, respectively.

7. The modulation system according to claim 1, wherein
said combining unit comprises a logic exclusive-or

circuit.
8. The modulation system according to claim 1, wherein

said combining unit comprises a logic exclusive-nor

circuit.

14
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10.

11.

12.

13.

The modulation system according to claim 1, wherein

said combining unit comprises an analog mixer.

The modulation system according to claim 1, further
comprising a switching mode power amplifier
amplifying said single, two-level pulse-width-

modulated signal provided by said combining unit.

The modulation system according to claim 10, further
comprising at least one of a bandpass filter and a
lowpass filter for generating a variable envelope
signal out of said amplified single, two-level,
pulse-width-modulated signal provided by said

switching mode power amplifier.

A method for generating a modulated sigmal, said
method comprising:
modulating a signal according to a first
control signal to obtain a first modulated
constant envelope signal;
modulating a sighal according to a second
control signal to obtain a second modulated
constant envelope signal; and
combining said first modulated constant
envelope signal and said second modulated constant
envelope signal into a single, two-level pulse-
width-modulated signal, wherein information for
representation by a modulation of said single,
two-level pulse-width-modulated signal is coded in
said first control signal and said second control

gignal.

The method according to claim 12, wherein said first

control signal is calculated as

15
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14.

15.

16.

17.

arctanﬁ%)+arcsin@Iz+Q2)

2

and wherein said second

control signal is calculated as

arctam{%)—arcsinQIz+Q2)

2

, with I being an in-phase

component and Q a quadrature component of an analog
modulation signal containing said information which

is for said representation by said modulation of

~gaid single, two-level pulse-width-modulated signal.

The method according to claim 12, wherein a center
frequency of said first constant envelope signal and
of said second constant envelope signal before
modulation is selected to be half of a desired center
frequency of said single, two-level pulse-width-

modulated signal.

The method according to claim 12, wherein said first
and said second constant envelope signals are
sinusoidal signals which are modulated in phase based

on said first and said second control signal.

The method according to claim 12, further comprising
converting said first modulated constant envelope
signal and said second modulated constant envelope
signal into respective two-level signals before

combining them.

The method according to claim 12, wherein said first
modulated constant envelope signal and said second
modulated constant envelope signal are pulsed

constant envelope signals, in which the transition

16
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18.

19.

times are modulated based on said first control

signal and said second control signal.

The method according to claim 12, further comprising
amplifying said single, two-level pulse-width-
modulated signal by means of a switching mode power

amplifier.

The method according to claim 18, further comprising
generating a variable envelope signal by filtering
said amplified single, two-level, pulse-width-

modulated signal.

17
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