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(57) ABSTRACT

A gain compensation loop suitable for a quadrature receiver
comprises a signal strength comparator having in-phase and
quadrature signals fed to respective inputs of the signal
strength comparator. The signal strength comparator outputs
a signal which represents the difference in strength between
the in-phase and quadrature signals. The signal output from
the signal strength comparator is input to a gain adjuster
which adjusts the gain of the in-phase or quadrature signal
in accordance with the signal from the signal strength
comparator to bring the in-phase and quadrature signals
towards the same strength.

14 Claims, 3 Drawing Sheets
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RADIO RECEIVER AND METHOD OF
OPERATION

BACKGROUND OF THE INVENTION

The present invention relates to a radio receiver, in
particular but not exclusively, to a gain compensation loop
for a quadrature receiver.

The current trend in receiver technology is to reduce
weight, volume, power consumption and cost. This is par-
ticularly important for receivers in portable apparatus such
as radio telephones. This hasresulted in receiver architecture
designs in whichthere are no or few discrete radio frequency
(RF) and intermediate frequency (IF) filters in the receiver
front end.

An exampleof a receiver architecture having few discrete
RFandIF filters is a single conversion low-IF architecture
for a quadrature receiver. Single conversion low-IF archi-
tectures typically produce an image signal which is very
close to the wanted signal. Such image signals are termed
“in-band” image signals, and may befiltered out using a
single sideband filter. However, a portion of the image signal
appearsat the wanted signal frequency as cross-talk if there
is an imbalance between the phase and/or gain of respective
quadrature signals. It is desirable for such cross-talk to be
reduced or rejected. Typically, a quadrature receiver front
end can only achieve about 3@dB of image-to-signal cross-
talk rejection, which is often insufficient for many applica-
tions such as radio telephones.

A solution to the problem of cross-talk is to use a
double-quadrature mixer architecture. However, such an
architecture requires 98° phase shifts on both the local
oscillator and RF ports coupled to four mixers. Providing at
least one ofthe ports (e.g. the local oscillator) is phase and
amplitude balanced, any imbalance at the otherport(e.g. the
RFport) results in a spurious product at a frequency given
by the sum of the RF and local oscillator frequencies. This
can be easily filtered out using an RF bandpassfilter before
the mixers.

A drawbackof the above approachis that four mixers are
required resulting in relatively high power consumption.
Additionally, a relatively bulky RF 9@° hybrid coupler is
also required together with quadrature balance on the local
oscillator port.

SUMMARYOF THE INVENTION

According to a first aspect of the invention there is
provided a gain compensation loop for a quadrature receiver
adapted to generate first and second quadrature signals from
a received signal, the gain compensation loop comprising:
a signal strength comparator for receiving the first and
second signals and adapted to output a third signal indicative
of a difference in signal strength betweenthe first and second
signals; and gain adjusting meansfor adjusting the strength
ofthe first signal in accordance with the third signal thereby
bringing the first and second signals towards the same
strength.

According to a second aspect of the invention there is
provided a method for gain compensation in a quadrature
receiver adapted to generate first and second quadrature
signals from a received signal, the method comprising the
steps of: comparing the signal strengthof thefirst signal with
the signal strength of the second signal; deriving a third
signal indicative of a difference in strength betweenthefirst
and second signals; and adjusting the strength of thefirst
signal in accordance with the third signal.
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2
Preferred embodiments in accordance with first and sec-

ond aspects of the invention have the advantage that the
strength of the first and second signals may be brought
towards a balance by appropriate control of the gain adjust-
ing means. Thereby image cross-talk may be reduced. This
obviates the need for image rejection filters in the RF front
end of the receiver which results in lower weight, volume,
loss and cost for such receivers.

In a preferred embodiment the gain adjusting means is
disposed in the radio frequency front end of a quadrature
receiver which has the advantage that any image rejecting
filters in the intermediate frequency region of the receiver
are less likely to be overdriven by a strong imagesignal.

Preferably, the gain adjusting means comprises variable
gain mixer, which is suitably one of the mixers in the
quadrature receiver.

Optionally, the gain adjusting meansis disposed after the
radio frequency front end and is operable for signals at an
intermediate frequency of a quadrature receiver. Such an
intermediate frequency may be zero Hertz (@ Hz) for a gain
compensation loop in a direct conversion receiver, for
example.

Suitably,the gain adjusting means and/or gain comparator
comprise an appropriately conditioned digital signal
processor, which advantageously is environmentally inde-
pendent and does not require external components.
Alternatively, the gain adjusting means comprises an ampli-
fier.

The gain compensation loop may comprise a loopfilter
having an input for receiving the third signal and an output
for providing a control signal to the gain adjusting means,
thereby providing for tracking a dynamic gain or signal
strength imbalance betweenfirst and second signals.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments in accordance with the invention will now

be described, by way of example only, and with reference to
the accompanying drawings, in which:

FIG. 1 is a schematic diagram of a quadrature single-
conversion RFfront end;

FIG. 2 shows a schematic representation of wanted and
image signals, and image crosstalk;

FIG.3 is a schematic diagram of a quadrature receiver in
accordance with an embodiment of the present invention;

FIG. 4A is a schematic diagram of a conventional phase
locked loop;

FIG. 4B is a schematic diagram of a phase compensation
loop in accordance with an embodiment of the present
invention; and

FIG. § is a schematic diagram of a gain compensation
loop.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows a schematic diagram for a quadrature
single-conversion receiver RF front end 100. A radio fre-
quencysignalv(t), such as an AM or FM modulated signal,
is received by antenna 102. The received signal v(t) is
amplified by low-noise amplifier 104 and the amplified
signal is input to mixers 106 and 108 by a powersplitter. The
mixers 106 and 108 form part of quadrature down-converter
110. The signal LO output from local oscillator 112 has a
frequency whichis very closeto the carrier frequency, fc, of
the received signal v(t). The LO signal is fed directly into
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