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(57) Abstract

A gain/phase comp-
ensation method and ap-
paratus for a linear ampli-
fier feedback loop in a
transmitter  (100).  The
transmitter (100) includes
an input (102 or 110), a lin-
ear amplifier (143), and a
modulator (142), to provide
a modulated carrier-fre-
quency output signal. The
transmitter also comprises
a feedback detector (154),

(54 Title: GAIN/PHASE COMPENSATION FOR LINEAR AMPLIFIER FEEDBACK LOOP

coupled to receive the out-
put signal and also coupled
to the input. The feedback
detector (120) produces a [ k
detected baseband feed- S e

back signal and applies the o
feedback signal to the in-
put. The transmitter (100)

Feedback
r Destactors

of the present invention
further comprises stabiliz-
ing means (118 and 130),
coupled to the input (102
or 110) and to the linear
amplifier (143), for redu-

cing the open-loop gain of the linear amplifier (143) to a value lower than one for all frequencies where the feedback loop causes
the phase of the baseband input signal to shift by more than 180 degrees.

* See back of page
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10 GAIN/PHASE COMPENSATION FOR LINEAR
AMPLIFIER FEEDBACK LOOP

Technical Field

This invention relates generally to spectrally efficient digital
15 modulation systems, and more particularly to stabilizing circuits
for feedback carrier-frequency (CF) amplifiers.

Background
A linear carrier-frequency amplifier (e.g., a radio-frequency
20  (RF) amplifier) is an amplifier that increases the power of a
modulated carrier signal while preserving both the amplitude and
phase modulation components of the the signal. Whereas, a
saturating RF amplifier, commonly used in frequency-modulation
(FM) radio transmitters, preserves phase modulation of the signal,
25  but may remove or severely distort any amplitude modulation
(AM) component. FM signals typically have constant amplitude,
and thus, do not require linear amplification. On the other hand,
future digital transmission systems may require both amplitude
and phase modulation (PM) of the transmitted signals. Linear
30  amplifiers are therefore necessary to transmit those signals.
Linear RF amplifiers commonly use feedback to control the
output power. For stability (i.e., freedom from oscillation) a
feedback loop must have a gain/phase versus frequency
characteristic such that the open loop gain (i.e., the gain of the
35 entire feedback loop with the loop broken at one point) is less
than one at all frequencies where the phase shift around the loop
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is more than 180 degrees different from that at midband.
Previous RF feedback loops have used high Q (i.e., the merit
factor of the loop) resonant circuits at the carrier-frequency to
achieve this condition. This approach has several

5 disadvantages, including large size, a large required RF gain,
and the limited amount of open loop gain possible.

Summary of the Invention
Briefly, according to the invention, a transmitter is provided

10  with an input for receiving a baseband input signal, and an output
for providing a modulated carrier-frequency output signal. The
transmitter comprises a modulator and a linear amplifier that
provide the modulated carrier-frequency output signal.

The transmitter of the present invention includes a

15 feedback loop comprising a feedback detector that is coupled to
the output and to the input. The feedback detector receives the
output signal, produces a detected baseband feedback signal,
and applies the feedback signal to the input. The linear amplifier
has an open loop gain.

20 The transmitter of the present invention also includes a
stabilizing means that is coupled to the input and to the linear
amplifier, for reducing the open-loop gain of the linear amplifier to
a value lower than one, for all frequencies where the feedback
loop causes the phase of the baseband input signal to shift by

25 more than 180 degrees, thus preventing oscillation.

Brief Description of the Drawing
The drawing illustrates a feedback circuit for a linear
amplifier in accordance with the present invention.
30
Detailed Description of the Preferred Embodimen
Referring to the Drawing, a transmitter 100 with a '
modulator 142, a linear amplifier 143, and a feedback circuit is
shown. An inphase baseband input signal ( lin) is applied to the
35 positive input 102 of an operational amplifier 106. The amplifier
106 amplifies the difference between the input signal iin and the
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signal at its negative input 104. The output of the amplifier 106 is
coupled to its negative input 104, through a resistor 108, and to a
low-pass filter 118, through a resistor 109.
The low-pass filter 118 also acts as an integrator with the
5  maximum gain limited by an optional resistor 126; it includes an
operational amplifier 120 having its negative terminal 124
coupled to receive the amplified baseband signal produced by
the amplifier 106 and its positive terminal 122 coupled to ground
potential. The output of the amplifier 120 is coupled to its

10 negative input 124 through the resistor 126, in parallel with a
capacitor 128, to complete an integrator function.

A quadrature baseband input signal ( Qin) is applied to the
positive input 110 of an operational amplifier 114. The amplifier
114 operates in substantially the same manner as the amplifier

15 106. Moreover, the output of the amplifier 114 is coupled to its
negative input 112 through a resistor 116, and it is also applied to
a low-pass filter 130, through a resistor 117. The low-pass filter
130 has substantially the same structure and operation as the
low-pass filter 118.

20 The output of the low-pass filte'r 118 is applied to the
inphase modulator input 144 of a conventional modulator 142.
Whereas, the output of the low-pass filter 130 is applied to the
quadrature modulator input 146 of the modulator 142. The
modulator 142 mixes the signals (lin) and (Qin) up to a carrier

25 frequency, and the linear amplifier 143 amplifies the resulting low
power RF signals for transmission by an antenna 116.

A sample of the RF output is mixed back down to baseband
frequency by feedback detectors 154. An attenuator 152 is
disposed between the output of the linear amplifier 143 and the

30 input of the feedback detectors 154, so that the power level of the
feedback is lower than that of the output signal. The feedback
detectors 154 produce detected inphase (I') and quadrature Q)
baseband signals, which are applied to the negative inputs (104
and 112) of the amplifiers 106 and 114, respectively. A resistor

35 103 is disposed between the negative input 104 of the amplifier
106 and the inphase output of the feedback detectors 154.
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Similarly, a resistor 111 is disposed between the negative input
112 of the amplifier 114 and the quadrature output of the
feedback detectors 154. The detected I' and Q' signals are
combined, out-of-phase, with the input signals lin and Qjn by the
5 amplifiers 106 and 114, respectively. Thus the amplifiers 106 and
114 produce combined inphase and quadrature signals that are
applied to the negative inputs of the dual low-pass filters 118 and
130, respectively, to form a negative feedback loop around the
transmitter 100. The transmitter circuit 100 is stable when its

10  open loop gain is less than one at all frequencies for which the
open-loop phase shift is equal to or greater than 180 degrees.
However, the open loop gain of the transmitter circuit 100 is
normally greater than one because it is advantageous to make
the open loop gain as high as possible since the spiatter

15  reduction (in dB) is approximately equal to the open loop gain (in
dB) minus the closed loop gain (in dB). Tuned circuits and time
delays in the modulator 142 and the amplifier 143 cause phase
shifts in the modulator 142 and the amplifier 143 which vary with
frequency. This, in turn, causes a phase error in the detected I

20 and Q' signals which increases with frequency. The introduction
of the low-pass filters 118 and 130 reduces the open loop gain of
the transmitter 100 below one, as the frequency of the combined
inphase and quadrature signals increases. Therefore, oscillation
is prevented.

25 Thus, the feedback loop uses the dual low-pass filters 118
and 130 to control the gain and phase versus frequency
characteristics of the feedback loop. The filters 118 and 130 are
integrators in the preferred embodiment, however, other low-pass
functions can be used as well. This gives the RF feedback loop

30 flexibility and performance capability of low-pass-type feedback
loops without the need for high RF gain. Any amount of total open
loop gain can be at baseband rather than at RF. '

What is claimed is:
35
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1. A transmitter, having an input for receiving a baseband

input signal and an output for providing a carrier-frequency output
5 signal, comprising:

a modulator, coupled to the input, for modulating the
baseband input signal and producing a carrier-frequency signal;

a linear amplifier, coupled to the modulator, for amplifying
the carrier-frequency signal and producing the carrier-frequency

10  output signal, the linear amplifier having an open loop gain;

a feedback loop comprising a feedback detector, coupled
to receive the carrier-frequency output signal and coupled to the
input, for producing a detected baseband feedback signal and
applying the detected baseband feedback signal to the input; and

15 stabilizing means, coupled to the input and to the linear
amplifier, for reducing the open-loop gain of the linear amplifier to
a value lower than one, for all frequencies where the feedback
loop causes the phase of the baseband input signal to shift by
more than 180 degrees.

20
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2. The transmitter of claim 1 wherein the stabilizing means
comprises a low-pass filter.

5 3. The transmitter of claim 1 wherein the stabilizing means
comprises an operational amplifier.

4. The transmitter of claim 2 wherein the low-pass filter is
an integrator.

d




WO 91/03108 PCT/US90/04500

5. A transmitter, having input means for receiving inphase
and quadrature baseband input signals, comprising:

a modulator, coupled to receive the inphase and

S quadrature baseband input signals, for providing a modulated
carrier-frequency signal;

a linear amplifier, coupled to the modulator, for amplifying
the modulated carrier-frequency signal and producing a carrier-
frequency output signal, the linear amplifier having an open loop

10 gain;

a feedback loop comprising a feedback detector, coupled
to receive the carrier-frequency output signal and coupled to the
input means, for providing detected baseband inphase and
quadrature feedback signals to the input means;

15 a feedback combiner, coupled to the feedback detector for
combining the detected baseband inphase feedback signal, out
of phase, with the baseband inphase input signal, to provide an
inphase difference signal, and for combining the detected
baseband quadrature feedback signal, out of phase, with the

20 baseband quadrature input signal to provide a quadrature
difference signal; and

stabilizing means, coupled to receive the inphase and
quadrature difference signals, and coupled to the linear amplifier,
for reducing the open-loop gain of the linear amplifier to a vaiue

25  lower than one, for all frequencies where the feedback loop
causes the phase of the baseband input signal to shift by more
than 180 degrees.
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6. The transmitter of claim 5 wherein the stabilizing means
comprises a pair of low-pass filters.

5 7. The transmitter of claim 5 wherein the stabilizing means
comprises a pair of operational amplifiers.

8. The transmitter of claim 6 wherein each low-pass filter is
an integrator.
10

s
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9

9. A gain/phase compensation method for a linear
amplifier, having an input, an output, and & feedback loop,
comprising the steps of:

(a) receiving a baseband input signal at the input;

(b) providing a modulated carrier-frequency signal;

(c) amplifying the modulated carrier-frequency signal to
produce a carrier-frequency output signal using a linear amplifier
having an open-loop gain;

(d) receiving the amplified modulated carrier-frequency
output signal;

(e) producing a detected baseband feedback signal;

(f) applying the detected baseband feedback signal to the
input with the feedback loop; and

(9) producing a gain and phase versus frequency
characteristic that prevents instability in the linear amplifier by
reducing the open-loop gain of the linear amplifier to a value
lower than one for all frequencies where the feedback loop
causes the phase of the baseband input signal to shift by more
than 180 degrees.
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10. A gain/phase compensation method for a linear
amplifier, having an input, an output, and a feedback loop,

comprising the steps of: ) *
5 (a) receiving inphase and quadrature baseband input
signals at the input; , v

(b) providing modulated carrier-frequency inphase and
quadrature signals;

(c) amplifying the modulated carrier-frequency inphase

10  and quadrature signals, to produce an output signal;

(d) receiving the carrier-frequency output signal;

(e) producing detected baseband inphase and quadrature
feedback signals;

(f) applying the detected baseband inphase and

15 quadrature feedback signals to the input through the feedback
loop;

(g) combining the inphase feedback signal, out of phase,
with the inphase input signal, to provide an inphase difference
signal;

20 (h) combining the detected baseband quadrature
feedback signal, out of phase, with the detected baseband
quadrature input signal to provide a quadrature difference signal;

(i) receiving the inphase and quadrature difference
signals; and

25 (i) producing a gain and phase versus frequency
characteristic that prevents instability in the linear amplifier by
reducing the open-loop gain of the linear amplifier to a value
lower than one for all frequencies where the feedback loop
causes the phase of the baseband input signal to shift by more

30 than 180 degrees.
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