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(57) ABSTRACT

A receiver with a local oscillator, a quadrature modulator, a
first mixer and a second mixer, wherein a first input of the
quadrature modulator is connected to a second signal input of
the receiver circuit and a second input of the quadrature
modulator is connected to the local oscillator. Further, a first
input of the first mixer is connected to a first signal input of the
receiver circuit, a second input of the first mixer is connected
to an output of the quadrature modulator, and an output of the
first mixer is connected to a first signal output of the receiver
circuit. A first input of the second mixer is connected to the
second signal input, a second input of the second mixer is
connected to the output of the quadrature modulator, and an
output of the second mixer is connected to a second signal
output of the receiver circuit.

10 Claims, 2 Drawing Sheets
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1
AUTO-HETERODYNE RECEIVER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a §371 national phase filing of PCT/
EP2012/057537 filed Apr. 25, 2012, which claims priority to
and the benefit of DE 10 2011 017 545.8 filed Apr. 26, 2011,
both of which are herein incorporated by reference in their
entirety.

TECHNICAL FIELD

The invention relates to a receiver circuit and to a measur-
ing device for measuring high-frequency signals with such a
receiver circuit.

PRIOR ART

With high-frequency signals, an exact measuring of phase
shifts is difficult in principle since a very high time resolution
of the very short period of the high-frequency signals would
be necessary therefor. In many applications, however, an
exact measuring of the present phase shift is necessary, which
is important, e.g., with respect to plasma generation for
plasma-based processes, e.g., plasma etching or surface treat-
ment, where the HF or microwave power outputted to the
plasma load is to be measured for controlling the process
parameters. However, such a plasma load may be very reac-
tive so that the phase angle between current and voltage may
be nearly 90°. In that case, reactive power is very high in
relation to active power. However, the phase angle has to be
measured very precisely in order to be able to calculate active
power correctly since even the slightest errors of measure-
ment have a superproportional effect on the determination of
active power.

For such a task, a direct phase measurement by means of a
monodyne receiver is not precise enough, which is why, e.g.,
heterodyne receivers or samplers are used for measurement.
With such a heterodyne receiver, the measuring signals are
mixed down to an intermediate frequency, where they can be
subjected to further processing and, e.g., digitalized and
evaluated numerically.

However, the limited stability of such a conversion is prob-
lematic. Moreover, the difficulty of conversion increases with
an increasing original-frequency/intermediate-frequency
ratio. Therefore, prior-art approaches do not allow particu-
larly low intermediate frequencies in the high-frequency
range provided for the invention. However, low intermediate
frequencies, particularly below 25 kHz, advantageously
allow a direct analog-digital conversion at the intermediate
frequency by means of cheap audio hardware. Therefore,
there is a demand for novel receiver structures that allow a
precise determination of a phase angle. Aside from and inde-
pendently of phase angle measurement, there may also be a
demand for a measurement of the amplitudes or of ratios of
amplitudes of high-frequency signals.

SUMMARY OF THE INVENTION

Therefore, a first aspect of the invention introduces a novel
receiver circuit. The receiver circuit has a first signal input for
a first input signal, a second signal input for a second input
signal, a first signal output for a first output signal, and a
second signal output for a second output signal. According to
the invention, the receiver circuit also has a local oscillator, a
quadrature modulator, a first mixer and a second mixer,
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wherein a first input of the quadrature modulator is connected
to the first signal input and a second input of the quadrature
modulator is connected to the local oscillator. In addition, a
first input of the first mixer is connected to the first signal
input, a second input of the first mixer is connected to an
output of the quadrature modulator, and an output of the first
mixer is connected to the first signal output. A first input of the
second mixer is connected to the second signal input, a sec-
ond input of the second mixer is connected to the output of the
quadrature modulator, and an output of the second mixer is
connected to the second signal output.

The receiver structure of the invention represents an auto-
heterodyne receiver in which one of the input signals is trans-
ferred, together with the signal of the local oscillator, to a
quadrature modulator and the output signal generated by the
quadrature modulator is finally mixed with the two input
signals, wherein the output signal of the quadrature modula-
tor mainly includes spectral components whose frequencies
are determined, depending on the sense of rotation of the
complex local oscillator, by forming either the sum or the
difference of/between the signal frequency and the frequency
of the local oscillator. However, this output signal is subse-
quently mixed with the input signals of the arrangement
again, which results in a further sum and difference formation
with the signal frequency, wherein the signal frequency of the
input signals of the receiver arrangement stands out in the
lowest-frequency mixing product. Therefore, when mixed
ideally, the two output signals of the receiver arrangement
only have the intermediate frequency, wherein, however, the
phase relation of the two input signals is maintained in the
output signals so that the phase angle can now be determined
at the intermediate frequency in a simple manner and with the
desired accuracy. A further advantage consists in the fact that
phase measurement will become independent of the actual
and possibly fluctuating frequency of the measuring signals.

However, the receiver circuit of the invention may not only
be used to measure the relative phase position of two signals
or when measuring an active power but also for communica-
tion engineering applications. For example, a superposition
of'an amplitude-modulated signal and a phase- or frequency-
modulated signal can be reversed. Since the frequency of an
input signal does not appear at the output of the respective
downstream mixer any more, frequency fluctuations can be
eliminated. However, this means at the same time that the
output signal of the mixer only exhibits amplitude variations.
Thus, a piece of information encoded in the amplitude of the
input signal can be separated from a piece of information
encoded in the frequency or phase of the input signal. More-
over, the receiver circuit of the invention allows the determi-
nation of an amplitude of an input signal by measuring the
output signals and inferring the input signals from the output
signals by back-calculating.

Particularly preferably, the receiver circuit of claim 1 has a
first analog-digital converter connected to the first signal out-
put and a second analog-digital converter connected to the
second signal output, whereby phase measurement evalua-
tion is advantageously shifted to the digital domain and may
be simply performed by, e.g., a digital signal processor
(DSP).

The local oscillator is preferably designed to generate an
oscillation having a frequency of less than 50 kHz, particu-
larly preferably of less than 25 kHz. At these frequencies,
cheap hardware may be used. Moreover, the relatively low
frequencies facilitate the avoidance of reduced measuring
accuracy on account of insufficient analog-digital conversion
by oversampling.
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In particular embodiments, the receiver circuit may have a
control loop (e.g., phase-locked loop (PLL) or automatic
frequency control (AFC)) designed to adjust the frequency of
the local oscillator. Although the receiver circuit automati-
cally compensates for frequency fluctuations of the input
signals, frequency fluctuations of the local oscillator com-
pletely appear in the output signals of the receiver circuit.
While a distortion of the measuring result can be prevented if
fluctuations are small enough, a control of the frequency of
the local oscillator is particularly advantageous with respect
to applications in which the frequency of the local oscillator
is so high that less expensive frequency synthesis methods
(e.g., direct digital synthesis (DDS)) cannot be employed.
Such an application may consist in directly down-mixing a
transmitted signal (e.g., in a mobile network or a wireless data
network) from one frequency band to another, wherein an
advantage consists in the fact that the conversion from the
original frequency band to the target frequency band can be
performed with almost no latency, which would occur in the
event of a usual reception of the transmitted data and subse-
quent modulation onto a new carrier signal.

In principle, however, any stable reference clock source
may be used, such as an oscillation of a quartz-crystal oscil-
lator, an oscillation derived from a quartz-crystal oscillator, or
an oscillation generated by a digital-analog converter used,
e.g., in a PC sound card.

If the output signal of the quadrature modulator has a
predetermined amplitude, conclusions about the amplitudes
of'the input signals of the receiver circuit can be drawn on the
basis of the amplitudes of the output signals of the first and
second mixers so that a piece of amplitude information
included in the input signals will not get lost. To this end, an
amplitude normalization unit may be provided that may be
connected between the output of the quadrature modulator
and the second inputs of the first and second mixers. Alterna-
tively, the amplitude normalization unit may be connected
between the first signal input and the first input of the quadra-
ture modulator if the amplitude of the signal of the local
oscillator is known or at least constant (which is usually the
case), wherein the amplitude normalization unit is designed
to output an output signal having a predetermined amplitude,
which can be achieved, e.g., by special amplifier components
or limiters. Preferably, the amplitude normalization unit is
designed as a control loop that determines a mean amplitude
or power of either the output signal or the input signal of the
amplitude normalization unit and adjusts a gain factor of an
amplifier in such a manner that the amplifier generates on
average an output signal having the desired predetermined
amplitude, said amplifier being connected between the input
and the output of the amplitude normalization unit. Such
methods are known as automatic gain control (AGC).

The receiver circuit may have a transducer (e.g., a direc-
tional coupler or a measuring bridge) arranged upstream of
the first and second signal inputs and designed to decouple a
respective signal component of signals that are present at a
first input and a second input of the transducer and to output
said signal component to the first and second signal inputs of
the receiver circuit.

The directional coupler is designed to put a forward wave
on a selected signal input of the first or the second signal input
of the receiver circuit and to put a backward wave on a
remaining signal input of the first or the second signal input of
the receiver circuit, whereby the phase angle and the absolute
amplitudes of the input signals and thus the active power for
a plasma-related application or another HF or microwave
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4

application can be determined. Alternatively, e.g., a voltage
suitably divided by a voltage divider may be applied to the
inputs of the receiver circuit.

A current transformer may be arranged upstream of a
selected signal input of the first or the second signal input of
the receiver circuit, said current transformer being designed
to transform a current into a voltage. Preferably, the receiver
circuit is designed to operate with voltage signals, which is
why a current to be evaluated when measuring active power
should be transformed into a voltage. In such a circuit
arrangement, using a voltage divider at the remaining signal
input of the receiver circuit would be advantageous since a
voltage signal has to be evaluated as a second input signal
when measuring active power.

Preferably, at least one of the first and second mixers has a
low-pass filter at the output side, wherein it is the task of the
low-pass filter to eliminate higher-frequency mixing prod-
ucts. Accordingly, fixing a limiting frequency of the low-pass
filter/s of higher than or equal to the frequency of the local
oscillator (intermediate frequency) is advantageous.

A second aspect of the invention introduces a measuring
device for measuring a phase shift between a first HF signal
and a second HF signal, wherein, according to the invention,
a receiver circuit according to the first aspect of the invention
and a phase measurement unit that is connected to the first and
the second signal output of the receiver circuit are provided,
wherein the phase measurement unit is designed to determine
aphase shift between a first AF signal at the first signal output
and a second AF signal at the second signal output.

The phase measurement unit may be designed according to
any principle that is known in the prior art. It is essential for
the invention that the receiver circuit according to the first
aspect of the invention can convert two high-frequency input
signals (e.g., microwave signals) to a lower frequency (an AF
frequency) while maintaining the phase relation of the two
input signals, wherein wow and flutter of the frequencies of
the input signals are suppressed, thereby drastically reducing
the circuitry demands made on the phase measurement unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a first exemplary embodiment of an inventive
receiver circuit in the form of a block diagram; and

FIG. 2 shows a second exemplary embodiment of an inven-
tive receiver circuit in the form of a block diagram.

EXEMPLARY EMBODIMENTS OF THE
INVENTION

In the following, the invention will be explained in greater
detail on the basis of two figures of exemplary embodiments.

FIG. 1 shows a first exemplary embodiment of an inventive
receiver circuit in the form of a block diagram. Input signals
U, and U, having a frequency f are present at two signal
inputs of the receiver circuit. The two input signals may be
two voltage signals, wherein one of the voltage signals is
derived from a current that is operatively connected to the
other voltage signal. An active-power/reactive-power ratio
can then be determined by measuring the phase angle
between the two input signals.

Any of the two input signals is transferred to an input of a
quadrature modulator 20, wherein the selected input signal is
advantageously led through an amplitude normalization unit
40 designed to amplify/damp the selected input signal
up/down to a predetermined amplitude. An oscillation signal
generated by a local oscillator 10 is transferred to the second
input of the quadrature modulator 20. Said local oscillator 10
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may have any design and just has to be suitable for generating
a reference oscillation with an intermediate frequency. As is
known, the output signal of the quadrature modulator 20 then
particularly includes frequency components having a fre-
quency of either f,,-+{, or f;z—f ., wherein the preceding
sign of the combination depends on the sense of rotation of
the local oscillator that is looked at in the complex plane. The
signal generated by the quadrature modulator 20 is now
mixed in two mixers 31 and 32 with a respective one of the
two input signals U, and U, said mixing resulting in different
modulation products. The lowest ones (U,' and U,") of said
modulation products have a frequency f, on account of the
renewed sum and difference formation with the frequency f,,~
of the input signals U, and U, so that the high frequency f,,~
of the input signals stands out, wherein, however, the phase
relationof U,'and U, ' is maintained and can now be evaluated
by means of much simpler circuit means. The advantage of
the amplitude normalization unit 40 consists in the fact that
also the signal transferred to the corresponding inputs of the
mixers 31 and 32 by the quadrature modulator 20 has a known
and, in particular, constant amplitude so that conclusions
about the amplitudes of the input signals can be drawn from
the amplitudes of the output signals of the overall arrange-
ment in a simple manner.

The paths extending from the signal inputs to the signal
outputs may be referred to as channels, wherein the channel
whose input signal Uy, also functions as the input signal of the
quadrature modulator 20 may be considered as a reference
channel. In general, the invention may be designed with any
plurality of channels, wherein, however, only one reference
channel is usually provided.

The receiver circuit of the invention is made up of standard
components which can be simply realized for the frequencies
to be required for the intended application. Thus, when per-
forming a high-frequency excitation of, e.g., a plasma, active
power can be measured in a cost-effective and precise man-
ner.

FIG. 2 shows a second exemplary embodiment of an inven-
tive receiver circuit in the form of a block diagram. The
difference between the second exemplary embodiment and
that of FIG. 1 consists in the alternative position of the ampli-
tude normalization unit 40 in the second exemplary embodi-
ment, where it is connected between the output of the quadra-
ture modulator 20 and the corresponding inputs of the mixers
31 and 32, wherein amplitude fluctuations that are due to
phase or amplitude errors of the complex local oscillator
signal in the mixing by the quadrature modulator or may
result from a non-ideality of the quadrature modulator itself
can be compensated for by means of sufficiently fast ampli-
tude control, thereby increasing the precision of the resulting
output signal.

The invention claimed is:

1. A receiver circuit comprising a first signal input for a first
input signal, a second signal input for a second input signal, a
first signal output for a first output signal and a second signal
output for a second output signal, characterized by a local
oscillator, a quadrature modulator, a first mixer and a second
mixer, wherein a first input of the quadrature modulator is
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connected to the first signal input and a second input of the
quadrature modulator is connected to the local oscillator,
wherein a first input of the first mixer is connected to the first
signal input, a second input of the first mixer is connected to
an output of the quadrature modulator and an output of the
first mixer is connected to the first signal output, and wherein
a first input of the second mixer is connected to the second
signal input, a second input of the second mixer is connected
to the output of the quadrature modulator and an output of the
second mixer is connected to the second signal output.

2. The receiver circuit according to claim 1 further com-
prising a first analog-digital converter connected to the first
signal output and a second analog-digital converter connected
to the second signal output.

3. The receiver circuit according to claim 1, wherein the
local oscillator is designed to generate an oscillation having a
frequency of less than 50 kHz, preferably of less than 25 kHz.

4. The receiver circuit according to claim 1 further com-
prising a control loop wherein the control loop is designed to
adjust the frequency of the local oscillator.

5. The receiver circuit according to claim 1 further com-
prising an amplitude normalization unit either connected
between the first signal input and the quadrature modulator or
connected between the quadrature modulator and the second
inputs of the first and second mixers and designed to output an
input signal having an unknown input amplitude as an output
signal having a predetermined output amplitude.

6. The receiver circuit according to claim 1 further com-
prising a transducer arranged upstream of the first and second
signal inputs and designed to decouple a respective signal
component of signals that are present at a first input and a
second input of the transducer and to output said signal com-
ponent to the first and second signal inputs of the receiver
circuit.

7. The receiver circuit according to claim 6, wherein the
transducer is a directional coupler and designed to put a
forward wave on a selected signal input of the first or the
second signal input of the receiver circuit and to put a back-
ward wave on a remaining signal input of the first or the
second signal input of the receiver circuit.

8. The receiver circuit according to claim 1, wherein a
current transformer is arranged upstream of a selected signal
input of the first or the second signal input of the receiver
circuit, said current transformer being designed to transform
a current into a voltage.

9. The receiver circuit according to claim 1, wherein at least
one of the first and second mixers has a low-pass filter at the
output side.

10. A measuring device for measuring a phase shift
between a first HF signal and a second HF signal, character-
ized by a receiver circuit according to any one of the preced-
ing claims and a phase measurement unit that is connected to
the first and the second signal output of the receiver circuit,
said phase measurement unit being designed to determine a
phase shift between a first AF signal at the first signal output
and a second AF signal at the second signal output.
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