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SIGNAL GENERATION DEVICE,
MEASUREMENT DEVICE, AND METHOD

TECHNICAL FIELD

[0001] The disclosure relates to a signal generation device,
a respective measurement device and a respective method.

BACKGROUND

[0002] Although applicable to any measurement applica-
tion, the present disclosure will mainly be described in
conjunction with signal generators for measurement sys-
tems.

[0003] Signal generators are used in measurement appli-
cations for example, to provide a device under test, DUT,
with respective test or excitation signals.

[0004] Measurement devices may be used to measure the
output of the DUT that the DUT generates based on the test
or excitation signals.

[0005] Incomplex measurement applications, more than a
single signal generator may be needed.

[0006] Accordingly, there is a need for providing synchro-
nized signal generators.

SUMMARY

[0007] The above stated problem is solved by the features
of the independent claims. It is understood, that independent
claims of a claim category may be formed in analogy to the
dependent claims of another claim category.

[0008] Accordingly, it is provided:

[0009] A signal generation device, comprising at least two
signal generators, and a clock source that is coupled to the
at least two signal generators and that is configured to
generate a clock signal and provide the clock signal to the at
least two signal generators, wherein the signal paths
between the clock source and each one of the at least two
signal generators are matched at least regarding the signal
runtime, and wherein the at least two signal generators are
each configured to generate an output signal based at least on
the clock signal.

[0010] Further, it is provided:

[0011] A measurement device, comprising a signal gen-
eration device, the signal generation device comprising, at
least two signal generators, a clock source that is coupled to
the at least two signal generators and that is configured to
generate a clock signal and provide the clock signal to the at
least two signal generators, wherein the signal paths
between the clock source and each one of the at least two
signal generators are matched at least regarding the signal
runtime, and wherein the at least two signal generators are
each configured to generate an output signal for a device
under test based at least on the clock signal, and comprising
at least one signal measurement input configured to measure
a signal generated by the device under test based on the
output signals provided to the device under test .

[0012] In addition, it is provided:

[0013] A method for operating a signal generation device,
wherein the signal generation device comprises at least two
signal generators, and a clock source that is coupled to the
at least two signal generators, the method comprising gen-
erating with the clock source a clock signal, providing the
clock signal to the at least two signal generators via signal
paths between the clock source and each one of the at least
two signal generators that are matched at least regarding the
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signal runtime, and generating and outputting an output
signal based on the clock signal with each one of the at least
two signal generators.

[0014] The present disclosure is based on the finding that
in modern measurement applications multiple synchronized
signal generators may be desired. For example, if a device
under test, DUT, has two input ports of a differential input,
two respectively synchronized signals are to be provided to
the DUT to perform respective measurements. Of course, on
the output of the DUT a single output port may be provided
and a measurement device may measure the output at the
single output port. As alternative, such a DUT may also
provide a differential output with two output ports that may
be coupled to a measurement device.

[0015] For providing a DUT with multiple input ports with
a respective test or excitation signal, multiple signal gen-
erators are provided. However, synchronizing multiple dedi-
cated signal generators is a cumbersome and complex task.
Each one of such dedicated signal generators can comprise
an internal clock source and a respective signal generation
unit.

[0016] Two clock sources, even if they have the same
specification, will never be exactly synchronized for
example, for reasons of production variances between the
units. Even if a common external clock source is provided
to multiple signal generators, the signal generators may still
not output fully synchronized signals. For example, the
signal runtime of the clock signal from the external clock
source to the single signal generators may be different for
each one of the signal generators, or the single signal
generators may have different temperatures and components
within the signal generators may have different temperature
drifts, or different internal signal runtimes.

[0017] The present invention, therefore, provides the sig-
nal generation device with at least two signal generators.
The at least two signal generators are provided internal in the
signal generation device. Further, a clock source is provided
in the signal generation device. The clock source is coupled
to all of the at least two signal generators and provides the
same clock signal to all of the at least two signal generators.

[0018] In addition, in the signal generation device the
signal paths between the at least two signal generators and
the clock source are matched at least regarding the signal
runtime. That means that a pulse of the clock signal will
reach each one of the at least two signal generators essen-
tially at the exact same time. Matched signal paths may for
example, be provided by adapting the length of signal lines
or traces to be equal, or by providing (configurable) delay
elements.

[0019] Consequently, each one of the at least two signal
generators will be clocked according to an exact, common
clock signal and will provide an output signal based on this
exact, common clock signal. The time synchronization of
the at least two signal generators is, because of the matched
signal paths, inherently provided by the signal generation
device without the need to provide any additional external
synchronization or any other means of clock synchroniza-
tion in the at least two signal generators.

[0020] In addition, since the at least two signal generators
are provided in the same signal generation device, effects,
like temperature drifts and other external interference
sources, are minimized or at least happen in parallel in all of
the at least two signal generators.
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[0021] It is understood, that the signal generation device
may be used as a stand-alone device to provide highly
synchronized output signals.

[0022] However, in embodiments, the signal generation
device may be provided as a component of a measurement
device, for example an oscilloscope, a vector network ana-
lyzer, or a frequency response analysis measurement device.

[0023] By providing the signal generation device in such
a measurement device, it

[0024] 1is not only possible to provide highly synchronized
measurement signals to a DUT. In addition, it is also
possible to measure or record the output signal of the DUT
in response to the output signals of the signal generation
device being provided to an input of the DUT.

[0025] It is understood, that the measurement device may
be provided with any embodiment of the signal generation
device as explained in the present disclosure.

[0026] In a measurement system or application according
to the present disclosure, a measurement device according to
the present disclosure may be coupled via at least two signal
outputs to a DUT in order to provide the output signals of the
signal generators to the DUT. At least one measurement
input of the measurement device may be coupled to an
output of the DUT to acquire signals provided by the DUT
in the measurement device.

[0027] With the subject of the present disclosure, it is
therefore easily possible to provide multiple test or excita-
tion signals for a DUT that are well synchronized.

[0028] Further embodiments of the present disclosure are
subject of the further dependent claims and of the following
description, referring to the drawings.

[0029] In an embodiment, the signal generation device
may further comprise a first signal measurement sensor for
each one of the at least two signal generators, and a first
signal comparator that is coupled on the input side to each
one of the first signal measurement sensors and on the output
side to at least all of the at least two signal generators but one
of'the at least two signal generators, wherein each one of the
first signal measurement sensors is configured to measure
the output signal of the respective one of the at least two
signal generators, and wherein the first signal comparator is
configured to compare the amplitudes of the output signals
and provide a respective amplitude correction factor to each
one of the at least two signal generators to which the first
signal comparator is coupled to, and wherein each one of the
at least two signal generators to which the first signal
comparator is coupled to comprises an amplitude controller
configured to control the amplitude of the respective output
signal based on the amplitude correction factor.

[0030] The first signal measurement sensors may in
embodiments each comprise a voltage sensor that measures
the voltage level of the respective output signal. The ampli-
tude of the output signal may in such embodiments be seen
as a maximum voltage level of the respective output signal
for example, during a single period or multiple periods of the
output signal.

[0031] It is understood, that the first signal measurement
sensors may also measure other units. If for example, the
output signals are current-based output signals, the at least
two signal generators may also comprise current sensors and
measure the current level of the respective output signal. The
amplitude of the output signal may in such embodiments be
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seen as a maximum current level of the respective output
signal for example, during a single period or multiple
periods of the output signal.

[0032] The first signal comparator receives the output of
the first signal measurement sensors, for example a signal
indicating the voltage or current level of the respective
output signal. It is understood, that the first signal compara-
tor may receive a continuous stream of measurement data
and may determine the amplitude based on the stream of
measurement data. As alternative, the first signal measure-
ment sensors may determine the amplitude and provide the
first signal comparator with an indication of the amplitude of
the respective output signals.

[0033] The first signal comparator determines an ampli-
tude correction factor based on the amplitudes of the single
output signals. The amplitude correction factor may indicate
a multiplier that is to be applied to the respective output
signals in the at least two signal generators.

[0034] For example, the amplitude may be set to be 5V in
a measurement application. If the amplitude of an output
signal is only 4V, the amplitude correction factor for that
output signal may be 5V/4V=1.25.

[0035] In embodiments, one of the signal generators may
be seen as the reference signal generator. In such embodi-
ments, the first signal comparator may provide the amplitude
correction factor only to the signal generators that are not the
reference signal generator. Further, in such embodiments,
the amplitude of the output signal of the reference signal
generator may be used as the reference for calculating the
amplitude correction factor for the output signals of all other
signal generators.

[0036] Of course, in other embodiments, the first signal
comparator may calculate an amplitude correction factor for
all of the signal generators. In such embodiments, the
reference amplitude e.g., the reference voltage or reference
current, may be set or stored in the first signal comparator,
or the first signal comparator may comprise a reference
source e.g., a reference voltage or current source.

[0037] In another embodiment, the signal generation
device may further comprise a second signal measurement
sensor for each one of the at least two signal generators, and
a second signal comparator that is coupled on the input side
to each one of the second signal measurement sensors and on
the output side to at least all of the at least two signal
generators but one of the at least two signal generators,
wherein each one of the second signal measurement sensors
is configured to measure the output signal of the respective
one of the at least two signal generators, and wherein the
second signal comparator is configured to compare the
phases of the output signals and provide a respective phase
correction factor to each one of the at least two signal
generators to which the second signal comparator is coupled
to, wherein each one of the at least two signal generators to
which the second signal comparator is coupled to comprises
a phase controller configured to control the phase of the
respective output signal based on the phase correction factor.
[0038] The second signal measurement sensors may in
embodiments each comprise a voltage sensor that measures
the voltage level of the respective output signal. The phase
of the output signal may in such embodiments be seen as the
point in time of the voltage level of the respective output
signal being zero with respect to a reference point in time.
[0039] It is understood, that the second signal measure-
ment sensors may also measure other units. If for example,
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the output signals are current-based output signals, the at
least two signal generators may also comprise current sen-
sors and measure the current level of the respective output
signal. The phase of the output signal may in such embodi-
ments be seen as the point in time of the current level of the
respective output signal being zero with respect to the
reference point in time.

[0040] The second signal comparator receives the output
of the second signal measurement sensors, for example a
signal indicating the voltage or current level of the respec-
tive output signal. It is understood, that the second signal
comparator may receive a continuous stream of measure-
ment data and may determine the phase based on the stream
of measurement data. As alternative, the second signal
measurement sensors may determine the phase for each one
of the output signals and may provide the second signal
comparator with an indication of the phases of the respective
output signals.

[0041] The second signal comparator determines a phase
correction factor based on the phases of the single output
signals. The phase correction factor may indicate an offset
that is to be applied to the respective output signal in the time
dimension or on the time axis in the at least two signal
generators.

[0042] In one embodiment, the phase offset between the
single signal generators is zero when outputting a synchro-
nized continuous signal, like a sine signal, for example, in a
calibration mode.

[0043] In embodiments, one of the signal generators may
be seen as the reference signal generator. In such embodi-
ments, the second signal comparator may provide the phase
correction factor only to the signal generators that are not the
reference signal generator. Further, in such embodiments,
the phase of the output signal of the reference signal
generator e.g., the point in time of the zero crossing of the
respective output signal, may be used as the reference for
calculating the phase correction factor for the output signals
of all other signal generators.

[0044] Of course, in other embodiments, the second signal
comparator may calculate a phase correction factor for all of
the signal generators. In such embodiments, the reference
phase or point in time may be set or stored in the second
signal comparator, or the second signal comparator may
comprise a reference time source.

[0045] The second signal comparator may in embodi-
ments comprise a timer for measuring the deviation between
the reference phase or reference point in time and the phases
or points in time of the zero crossings of the output signals.

[0046] It is noted that with the solution of the present
disclosure, it is not required to provide a speed adjustment
of the clock signal of the single signal generators, since a
common clock source with matched signal paths is provided
that feeds the same clock signal to all of the at least two
signal generators.

[0047] In embodiments, the first signal measurement sen-
sors and the second signal measurement sensors may be
provided as a single sensor in each case for example, as a
voltage or current sensor. In such an embodiment, the first
signal comparator and the second signal comparator may
also be provided as a single signal comparator that performs
or is configured to perform all of the above-presented
functions of the first signal comparator and the second signal
comparator. The signal comparator may be configurable, and
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may for example be configured to use an internal reference
or to use one of the received measured output signals as
reference.

[0048] In a further embodiment of the signal generation
device, the at least two signal generators may each comprise
an arbitrary signal generator with a signal memory, wherein
the arbitrary signal generator may be configured to output an
arbitrary signal based on signal data that is stored in the
signal memory.

[0049] Arbitrary signal generators may also be called
arbitrary waveform generators. Arbitrary signal generators
may be used to generate any arbitrary waveform as output
signal. To this end, an arbitrary signal generator comprises
a signal memory that stores signal data for the signal to be
generated. The signal data may comprise single points on the
waveform to be generated, or “waypoints” of the signal to be
generated. While generating the output signal, the arbitrary
signal generator may jump from one point or “waypoint” to
the next or may interpolate the signal between the points or
“waypoints”.

[0050] It is understood, that in order to determine the
amplitude correction factor and the phase correction factor,
the signal generation device may be put in a calibration
mode for example, by a user or automatically in certain time
intervals. In the calibration mode, the arbitrary signal gen-
erators may be configured to output a respective calibration
output signal for example, a sine wave signal, which allows
easily determining the amplitude offset and the phase offset.
[0051] As indicated above, the calibration mode may be
actively triggered by a user. As alternative, the calibration
mode may also be initiated by the signal generation device
in predetermined intervals or in specific situations. The
predetermined interval may for example be specified by the
manufacturer of the signal generation device. Specific situ-
ations may comprise any situation of the signal generation
device, in which the at least two signal generators, the first
and second signal measurement sensors and the first and
second signal comparators are not required for performing a
measurement. Such a specific situation may also be the
start-up or shut-down of the signal generation device.
[0052] In the calibration mode, the output ports of the
signal generation device may be deactivated for example, by
respective switches.

[0053] Inyet another embodiment of the signal generation
device, the at least two signal generators may each comprise
a sine signal generator that may be configured to output a
sine signal with a predetermined frequency and amplitude.
[0054] In measurement applications that require a fre-
quency response analysis, sine signal generators can be used
to provide a single output signal to a DUT.

[0055] With the features of the present disclosure, it is now
possible to provide multiple synchronized sine signals as
output signals to a DUT or multiple DUTs, without requiring
a complex external synchronization of external signal gen-
erators.

[0056] Of course, the sine signal generators may be con-
figured to provide differential output signals. For example,
two sine signal generators may be configured to each
provide a sine signal, wherein a respective phase offset of
phase shift may be provided between the two sine signals.
[0057] In another embodiment of the signal generation
device, the at least two signal generators may each comprise
at least one of an attenuation/amplification unit, and a phase
shifter.
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[0058] The attenuation/amplification unit may for
example comprise at least one of a configurable attenuator
for attenuating the output signal, and an amplifier for ampli-
fying the output signal. It is understood, that the amplitude
correction factor may be used as the setting for the attenuator
or the amplifier, or that the setting may at least be deter-
mined based on the amplitude correction factor.

[0059] The phase shifters serve to shift the phase of the
output signal according to a respective phase shift setting. It
is understood, that the phase correction factor may be used
as the phase shift setting, or that the phase shift setting may
at least be determined based on the phase correction factor.
In applications with differential output signals, the phase
shift may be configured, while the phase correction factor is
taken into account together with the configured phase shift.
[0060] In a further embodiment of the signal generation
device, the at least two signal generators may each comprise
a digital signal generation section and a digital-to-analog
converter coupled to the digital signal generation section.
[0061] The digital signal generation section may be pro-
vided as a dedicated processing element, like e.g., a pro-
cessing unit, a microcontroller, a field programmable gate
array, FPGA, a complex programmable logic device, CPLD,
or the like. The digital signal generation section may at least
in part also be provided as a computer program product
comprising computer readable instructions that may be
executed by a processing element. In a further embodiment,
the digital signal generation section may be provided as
addition or additional function or method to the firmware or
operating system of a processing element that is already
present in the respective application as respective computer
readable instructions. Such computer readable instructions
may be stored in a memory that is coupled to or integrated
into the processing element. The processing element may
load the computer readable instructions from the memory
and execute them.

[0062] In addition, it is understood, that any required
supporting or additional hardware may be provided like e.g.,
a power supply circuitry and clock generation circuitry.
[0063] The digital signal generation section may for
example, be provided at least in part in an FPGA that is
configured to read waveform data from a memory and
generate a respective digital output signal. The digital output
signal may then be converted by the digital-to-analog con-
verter from a digital signal into an analog output signal. The
FPGA and the digital-to-analog converter are in such an
embodiment both supplied with or based on the clock signal
that is provided by the common clock source.

[0064] Of course, any other component of the signal
generation device that may be implemented as digital cir-
cuitry may also be provided in the FPGA.

[0065] In embodiments, the digital signal generation sec-
tion comprises at least one of a digital phase-shifter, and a
digital attenuator or amplifier. In such an embodiment, the
phase and amplitude of the output signal are not necessarily
changed or adapted in the analog domain. Instead, the
amplitude and the phase of the output signal are adapted in
the digital domain prior to converting the output signal from
a digital signal into an analog signal.

[0066] In embodiments, an analog signal processing sec-
tion may be provided attached to the digital-to-analog con-
verter to at least one of filter, attenuate, amplify and up-/
down-convert the output signal prior to outputting the output
signal from the signal generation device.
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[0067] Inyetanother embodiment of the signal generation
device the signal generation device may be provided as an
oscilloscope, a vector network analyzer, or as a frequency
response analysis device.

[0068] When provided as or in an oscilloscope or a
frequency response analysis device, the components of the
oscilloscope or the frequency response analysis device may
be re-used for the signal generation device. For example, the
measurement arrangement of the oscilloscope or frequency
response analysis device may be used as the first and second
signal measurement sensors and the first and second signal
comparators.

[0069] The signal processing logic that is often present in
modern oscilloscopes and frequency response analysis
devices may be used to determine the amplitude offset and
the phase offset, and to calculate the amplitude and phase
correction factors.

[0070] In another embodiment of the signal generation
device, the at least two signal generators may be configured
to each output for example, in a measurement mode of
operation, the respective output signal with at least one of a
configurable phase offset, and a configurable amplitude, and
a configurable amplitude offset.

[0071] The at least two signal generators may be config-
ured to each output the same signal or same waveform. If no
further settings are provided to the at least two signal
generators, the at least two signal generators may output the
exact same output signal.

[0072] The at least two signal generators may also be
configured to each output a different signal or waveform. If
no further settings are provided to the at least two signal
generators, the at least two signal generators may output
different output signals but with the same phase and ampli-
tude.

[0073] Inorder to perform measurement on a DUT, it may
be desired to output differential signals. The “term differ-
ential signal” refers to signals comprising at least one of
different phases or phase offsets, and different amplitude
offsets.

[0074] Therefore, in embodiments, the at least two signal
generators may be parametrized or configured for example,
in a measurement mode of operation, to output the respec-
tive output signal with at least one of a respective phase or
phase offset, and a respective amplitude offset. The at least
two signal generators may for example output the same
signal, like for example a sine wave signal, but with a phase
or phase offset of 180° to perform measurements on a DUT
with a differential signal input.

[0075] In a further embodiment of the measurement
device the at least two signal generators may be configured
to output a differential signal to a device under test.
[0076] As already explained above, the at least two signal
generators may generate a differential signal with a respec-
tive phase or phase offset to each other, and with a respective
amplitude offset.

[0077] Such output signals may then be fed to the DUT on
two input ports that form a differential input of the DUT.
[0078] In yet another embodiment, the measurement
device may comprise a signal processor configured to cal-
culate a frequency response for the device under test based
on the output signals and the signal measured by the at least
one signal measurement input.

[0079] The signal processor may also be configured to
compare a specific one of the output signals that are pro-
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vided to the DUT with a signal measured by a specific one
of'the signal measurement inputs. For example, a first output
signal may be compared to a signal measured by a first
signal measurement input, or a second output signal may be
compared to a signal measured by a first signal measurement
input, or a first output signal may be compared to a signal
measured by a second signal measurement input, or a second
output signal may be compared to a signal measured by a
second signal measurement input. With more than two
output signals or more than two signal measurement inputs,
any other combination is also possible. Comparing may for
example refer to setting the amplitudes, in the time domain
or the frequency domain, of the signals into relation.

[0080] The signal processor may be provided as a dedi-
cated processing element, like e.g., a processing unit, a
microcontroller, a field programmable gate array, FPGA, a
complex programmable logic device, CPLD, or the like. The
signal processor may at least in part also be provided as a
computer program product comprising computer readable
instructions that may be executed by a processing element.
In a further embodiment, the signal processor may be
provided as addition or additional function or method to the
firmware or operating system of a processing element that is
already present in the respective application as respective
computer readable instructions. Such computer readable
instructions may be stored in a memory that is coupled to or
integrated into the processing element. The processing ele-
ment may load the computer readable instructions from the
memory and execute them. In addition, it is understood, that
any required supporting or additional hardware may be
provided like e.g., a power supply circuitry and clock
generation circuitry.

[0081] It is understood, that the measurement device may
further comprise a display to display the frequency response
for example, in the form of a Bode plot that may be provided
by the signal processor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0082] For a more complete understanding of the present
disclosure and advantages thereof, reference is now made to
the following description taken in conjunction with the
accompanying drawings. The disclosure is explained in
more detail below using exemplary embodiments which are
specified in the schematic figures of the drawings, in which:
[0083] FIG. 1 shows a block diagram of an embodiment of
a signal generation device according to the present disclo-
sure;

[0084] FIG. 2 shows a block diagram of another embodi-
ment of a signal generation device according to the present
disclosure;

[0085] FIG. 3 shows a block diagram of another embodi-
ment of a signal generation device according to the present
disclosure;

[0086] FIG. 4 shows a block diagram of an embodiment of
a measurement device according to the present disclosure;
[0087] FIG. 5 shows a block diagram of an embodiment of
an oscilloscope as measurement device according to the
present disclosure; and

[0088] FIG. 6 shows a flow diagram of an embodiment of
a method according to the present invention.

[0089] In the figures like reference signs denote like
elements unless stated otherwise.
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DETAILED DESCRIPTION OF THE DRAWINGS

[0090] FIG. 1 shows a block diagram of a signal genera-
tion device 100. The signal generation device 100 comprises
a clock source 101 that is coupled to each of a first signal
generator 104-1 and a second signal generator 104-2 via a
respective signal path 103-1, 103-2. It is understood, that the
number of two signal generators 104-1, 104-2 is just exem-
plarily chosen, and that in other embodiments, the signal
generation device 100 may comprise more than two signal
generators 104-1, 104-2.

[0091] The clock source generates a clock signal 102 and
provides the clock signal 102 to the two signal generators
104-1, 104-2 via the two signal paths 103-1, 103-2. The
signal paths 103-1, 103-2 in the signal generation device 100
are matched at least regarding the signal runtime. That
means, that the clock signal 102 arrives at the signal
generators 104-1, 104-2 essentially at the same time. Each
one of the signal generators 104-1, 104-2 generates an
output signal 105-1, 105-2 based on the clock signal. Match-
ing the signal paths 103-1, 103-2 may be performed by
adapting the length of the signal paths 103-1, 103-2, or with
additional (not shown) delay elements.

[0092] In a calibration mode, the two signal generators
104-1, 104-2 may be controlled to output the same output
signals 105-1, 105-2. In contrast, in a measurement mode,
the two signal generators 104-1, 104-2 may be controlled to
output the different output signals 105-1, 105-2, for example
a sine signal with the same frequency, but with a configur-
able phase shift of for example, 180° degree.

[0093] FIG. 2 shows a block diagram of another signal
generation device 200. The signal generation device 200 is
based on the signal generation device 100. Therefore, the
signal generation device 200 comprises a clock source 201
that is coupled to each of a first signal generator 204-1 and
a second signal generator 204-2 via a respective signal path
203-1, 203-2. It is understood, that the number of two signal
generators 204-1, 204-2 is just exemplarily chosen, and that
in other embodiments, the signal generation device 200 may
comprise more than two signal generators 204-1, 204-2. The
explanations provided above regarding the signal generation
device 100 also apply to the signal generation device 200.
[0094] The signal generation device 200 further comprises
a signal measurement sensor 210-1, 210-2 for every one of
the output signals 205-1, 205-2. The signal measurement
sensors 210-1, 210-2 may for example, be provided as
voltage sensors. Alternatively, the measurement sensors
210-1, 210-2 may be provided as current sensors.

[0095] The signal generation device 200 further comprises
a signal comparator 211 that is coupled to the signal mea-
surement sensors 210-1, 210-2 to evaluate the measured
signals.

[0096] The signal comparator 211 may for example, deter-
mine an amplitude deviation between the two output signals
205-1, 205-2 and determine respective amplitude correction
factors 212-1, 212-2, such that when applied to the output
signals 205-1, 205-2, the output signals 205-1, 205-2 com-
prise the same amplitude. The amplitude correction factors
212-1, 212-2 may then be provided to the signal generators
204-1, 204-2 for adapting the amplitude of the output signals
205-1, 205-2.

[0097] In another embodiment, the signal comparator 211
may for example, determine a phase deviation between the
two output signals 205-1, 205-2 and determine respective
phase correction factors 212-1, 212-2, such that when



US 2024/0012049 Al

applied to the output signals 205-1, 205-2, the output signals
205-1, 205-2 comprise the same phase. The phase correction
factors 212-1, 212-2 may then be provided to the signal
generators 204-1, 204-2 for adapting the phase of the output
signals 205-1, 205-2.

[0098] In other embodiments, the signal comparator 211
may determine the amplitude deviation and the phase devia-
tion between the two output signals 205-1, 205-2 and
determine respective amplitude and phase correction factors
212-1, 212-2, such that when applied to the output signals
205-1, 205-2, the output signals 205-1, 205-2 comprise the
same amplitude and phase. The amplitude and phase cor-
rection factors 212-1, 212-2 may then be provided to the
signal generators 204-1, 204-2 for adapting the amplitude
and phase of the output signals 205-1, 205-2.

[0099] In the shown embodiment, the signal comparator
211 may comprise an internal voltage reference and phase
reference. In other embodiments, one of the output signals
205-1, 205-2 may serve as a reference for the signal com-
parator 211. In such an embodiment, only the signal gen-
erators 204-1, 204-2 that do not provide the reference output
signal 205-1, 205-2 may be provided with a correction factor
212-1, 212-2.

[0100] FIG. 3 shows a block diagram of another signal
generation device 300. The signal generation device 300 is
based on the signal generation device 200. Therefore, the
signal generation device 300 comprises a clock source 301
that is coupled to each of a first signal generator 304-1 and
a second signal generator 304-2 via a respective signal path
303-1, 303-2. It is understood, that the number of two signal
generators 304-1, 304-2 is just exemplarily chosen, and that
in other embodiments, the signal generation device 300 may
comprise more than two signal generators 304-1, 304-2. The
explanations provided above regarding the signal generation
device 100 also apply to the signal generation device 300.
The signal generation device 300 also comprises a signal
measurement sensor 310-1, 310-2 for every one of the
output signals 305-1, 305-2, and a signal comparator 311
that is coupled to the signal measurement sensors 310-1,
310-2 to evaluate the measured signals. The signal measure-
ment sensors 310-1, 310-2 may for example, be provided as
voltage sensors. Alternatively, the measurement sensors
210-1, 210-2 may be provided as current sensors.

[0101] The explanations provided above regarding the
signal generation device 200 also apply to the signal gen-
eration device 300.

[0102] In the signal generation device 300, the signal
generators 304-1, 304-2, and the signal comparator 311 are
provided as a configuration of an FPGA. In embodiments, at
least part of the clock source 301 may also be provided in the
FPGA.

[0103] The signal generators 304-1, 304-2 cach comprise
a digital signal generation section 319-1, 319-2 and a
memory 320-1, 320-2. The digital signal generation sections
319-1, 319-2 read signal data from the respective memory
320-1, 320-2 and adapt the amplitude of the signal with an
attenuation/amplification unit 321-1, 321-2. The digital sig-
nal generation sections 319-1, 319-2 further adapt the phase
of'the signal with a respective phase shifter 322-1, 322-2 and
provide the respectively modified signal to a digital-to-
analog converter 323-1, 323-2. The digital-to-analog con-
verters 323-1, 323-2 provide the respective output signals
305-1, 305-2.
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[0104] In embodiments, the attenuation/amplification
units 321-1, 321-2 and the phase shifters 322-1, 322-2 may
be provided at least in part as analog clements after the
digital-to-analog converters 323-1, 323-2.

[0105] FIG. 4 shows a block diagram of an embodiment of
a measurement device 430. The measurement device 430
exemplarily comprises a signal generation device as shown
in FIG. 1. It is understood, that the measurement device 430
may be provided with a signal generation device according
to any of the embodiments provided in this disclosure.
[0106] The measurement device 430 further comprises a
measurement input 431 that may be coupled to an optional
signal processor 433. Although only one measurement input
431 is shown, it is understood, that the measurement device
430 may comprise more than one measurement input 431 to
measure multiple signals.

[0107] The measurement device 430 may provide the
output signals 405-1, 405-2 as differential signals to a DUT.
The measurement input 431 may then receive a signal 432
as provided from the DUT after receiving the output signals
405-1, 405-2. In embodiments, the measurement device 430
may comprise a display and display the signal 432.

[0108] The optional signal processor 433 may be used to
evaluate the signal 432, especially with regard to the output
signals 405-1, 405-2. The signal processor 433 may for
example, determine a frequency response of the DUT. Such
a frequency response may for example be shown to a user as
a Bode plot on a display of the measurement device 430.
[0109] FIG. 5 shows a block diagram of an oscilloscope
OSC1 that may be used as a measurement device according
to the present disclosure.

[0110] The oscilloscope OSC1 comprises a housing HO
that accommodates four measurement inputs MIP1, MIP2,
MIP3, MIP4 that are coupled to a signal processor SIP for
processing any measured signals. The signal processor SIP
is coupled to a display DISP1 for displaying the measured
signals to a user.

[0111] The oscilloscope OSC1 further comprises a signal
generation device 500. It is understood, that the signal
generation device 500 may be a signal generation device
according to any of the embodiments presented in this
disclosure.

[0112] In the oscilloscope OSC1, the signal generation
device 500 may provide

[0113] two output signals to a DUT, especially two dif-
ferential output signals. These signals may also be provided
to the signal processor SIP.

[0114] The exemplary DUT in FIG. 5 outputs a differential
output signal. The two signals of this differential signal are
measured with the measurement inputs MIP1, MIP2 of the
oscilloscope OSC1. The signal processor SIP may then use
the signals from the signal generation device 500 and the
measured signals from the DUT to determine the frequency
response of the DUT and display the frequency response for
example, as Bode diagram, on the display DISP1.

[0115] FIG. 6 shows a flow diagram of a method for
operating a signal generation device that comprises at least
two signal generators, and a clock source that is coupled to
the at least two signal generators.

[0116] The method comprises generating S1 with the
clock source a clock signal, providing S2 the clock signal to
the at least two signal generators via signal paths between
the clock source and each one of the at least two signal
generators that are matched at least regarding the signal
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runtime, and generating S3 an output signal based on the
clock signal with each one of the at least two signal
generators.

[0117] The method may further comprise measuring the
output signal of each one of the at least two signal genera-
tors, comparing the amplitudes of the measured output
signals, and providing a respective amplitude correction
factor for at least each one of the measured output signals
but one of the measured output signals, wherein the ampli-
tudes of the output signals are controlled based on the
respective amplitude correction factor for each one of the
output signals for which an amplitude correction factor is
provided.

[0118] In order to further synchronize the output signals,
the method may further comprise measuring the output
signal of each one of the at least two signal generators,
comparing the phases of the measured output signals, and
providing a respective phase correction factor for at least
each one of the measured output signals but one of the
measured output signals, wherein the phases of the output
signals are controlled based on the phase correction factor
for each one of the output signals for which a phase
correction factor is provided.

[0119] The output signals may for example be generated
with at least two signal generators that each comprise an
arbitrary signal generator with a signal memory, wherein the
arbitrary signal generator outputs an arbitrary signal based
on signal data that is stored in the signal memory. In
embodiments, the at least two signal generators may each
comprise a sine signal generator that is configured to output
a sine signal with a predetermined frequency and amplitude.

[0120] In order to adapt the amplitudes and phases of the
output signals, the at least two signal generators may each
comprise at least one of an attenuation/amplification unit,
and a phase shifter in at least one of the digital domain and
the analog domain.

[0121] The output signals may in embodiments be gener-
ated with an oscilloscope or a frequency response analysis
device that comprises the respective signal generators.

[0122] After calibrating or synchronizing the signal gen-
erators, the method may further comprise measuring at least
one signal provided by a device under test based on the
output signals provided to the device under test.

[0123] Although specific embodiments have been illus-
trated and described herein, it will be appreciated by those
of ordinary skill in the art that a variety of alternate and/or
equivalent implementations exist. It should be appreciated
that the exemplary embodiment or exemplary embodiments
are only examples, and are not intended to limit the scope,
applicability, or configuration in any way. Rather, the fore-
going summary and detailed description will provide those
skilled in the art with a convenient road map for implement-
ing at least one exemplary embodiment, it being understood
that various changes may be made in the function and
arrangement of elements described in an exemplary embodi-
ment without departing from the scope as set forth in the
appended claims and their legal equivalents. Generally, this
application is intended to cover any adaptations or variations
of the specific embodiments discussed herein.
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LIST OF REFERENCE SIGNS

[0124]

100, 200, 300, 400, 500
101, 201, 301, 401

102, 202, 302, 402

103-1, 103-2, 203-1, 203-2
303-1, 303-2, 403-1, 403-2
104-1, 104-2, 204-1, 204-2
304-1, 304-2, 404-1, 404-2
105-1, 105-2, 205-1, 205-2
305-1, 305-2, 405-1, 405-2
210-1, 210-2, 310-1, 310-2
211, 311

212-1, 212-2, 312-1, 312-2

signal generation device
clock source

clock signal

signal path

signal path

signal generator

signal generator

output signal

output signal

signal measurement sensor
signal comparator
correction factor

319-1, 319-2 digital signal generation section
320-1, 320-2 memory

321-1, 321-2 attenuation/amplification unit
322-1, 322-2 phase shifter

323-1, 323-2 digital-to-analog converter
430 measurement device

431 measurement input

432 signal

433 signal processor

0SC1 oscilloscope

HO housing

MIP1, MIP2, MIP3, MIP4 measurement input

SIP signal processing

DISP1 display

SOP1, SOP2 signal output

DUT device under test

1. A signal generation device, comprising:

at least two signal generators; and

a clock source that is coupled to the at least two signal
generators and that is configured to generate a clock
signal and provide the clock signal to the at least two
signal generators;

wherein the signal paths between the clock source and
each one of the at least two signal generators are
matched at least regarding the signal runtime; and

wherein the at least two signal generators are each con-
figured to generate an output signal based on the clock
signal.

2. The signal generation device according to claim 1,

further comprising:

a first signal measurement sensor for each one of the at
least two signal generators; and

a first signal comparator that is coupled on the input side
to each one of the first signal measurement sensors and
on the output side to at least all of the at least two signal
generators but one of the at least two signal generators;

wherein each one of the first signal measurement sensors
is configured to measure the output signal of the
respective one of the at least two signal generators; and

wherein the first signal comparator is configured to com-
pare the amplitudes of the output signals and provide a
respective amplitude correction factor to each one of
the at least two signal generators to which the first
signal comparator is coupled to;

wherein each one of the at least two signal generators to
which the first signal comparator is coupled to com-
prises an amplitude controller configured to control the
amplitude of the respective output signal based on the
amplitude correction factor.

3. The signal generation device according to claim 1,

further comprising:
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a second signal measurement sensor for each one of the at
least two signal generators; and

a second signal comparator that is coupled on the input
side to each one of the second signal measurement
sensors and on the output side to at least all of the at
least two signal generators but one of the at least two
signal generators;

wherein each one of the second signal measurement
sensors is configured to measure the output signal of
the respective one of the at least two signal generators;
and

wherein the second signal comparator is configured to
compare the phases of the output signals and provide a
respective phase correction factor to each one of the at
least two signal generators to which the second signal
comparator is coupled to;

wherein each one of the at least two signal generators to

which the second signal comparator is coupled to
comprises a phase controller configured to control the
phase of the respective output signal based on the phase
correction factor.

4. The signal generation device according to claim 1,
wherein the at least two signal generators each comprises an
arbitrary signal generator with a signal memory, wherein the
arbitrary signal generator is configured to output an arbitrary
signal based on signal data that is stored in the signal
memory.

5. The signal generation device according to claim 1,
wherein the at least two signal generators each comprises a
sine signal generator that is configured to output a sine signal
with a predetermined frequency and amplitude.

6. The signal generation device according to claim 1,
wherein the at least two signal generators each comprises at
least one of an attenuation/amplification unit or a phase
shifter.

7. The signal generation device according to claim 1,
wherein the at least two signal generators each comprises a
digital signal generation section and a digital-to-analog
converter coupled to the digital signal generation section.

8. The signal generation device according to claim 1,
wherein the signal generation device is provided as an
oscilloscope or as a frequency response analysis device.

9. The signal generation device according to claim 1,
wherein the at least two signal generators are configured to
each output the respective output signal with at least one of
a configurable phase offset, a configurable amplitude, or a
configurable amplitude offset.

10. A measurement device, comprising:

a signal generation device, the signal generation device
comprising:
at least two signal generators,

a clock source that is coupled to the at least two signal
generators and that is configured to generate a clock
signal and provide the clock signal to the at least two
signal generators,

wherein the signal paths between the clock source and
each one of the at least two signal generators are
matched at least regarding the signal runtime, and

wherein the at least two signal generators are each
configured to generate an output signal for a device
under test based on the clock signal; and
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at least one signal measurement input configured to
measure a signal generated by the device under test
based on the output signals provided to the device
under test.

11. The measurement device according to claim 10,
wherein the at least two signal generators are configured to
output a differential signal to a device under test.

12. The measurement device according to claim 10,
comprising a signal processor configured to calculate a
frequency response for the device under test based on the
output signals and the signal measured by the at least one
signal measurement input.

13. A method for operating a signal generation device,
wherein the signal generation device comprises at least two
signal generators, and a clock source that is coupled to the
at least two signal generators, the method comprising:

generating with the clock source a clock signal;

providing the clock signal to the at least two signal
generators via signal paths between the clock source
and each one of the at least two signal generators that
are matched at least regarding the signal runtime; and

generating an output signal based on the clock signal with
each one of the at least two signal generators.

14. The method according to claim 13, further compris-
ing:

measuring the output signal of each one of the at least two

signal generators;

comparing the amplitudes of the measured output signals;

and

providing a respective amplitude correction factor for at

least each one of the measured output signals but one
of the measured output signals,

wherein the amplitudes of the output signals are con-

trolled based on the respective amplitude correction
factor for each one of the output signals for which an
amplitude correction factor is provided.

15. The method according to claim 13, further compris-
ing:

measuring the output signal of each one of the at least two

signal generators;

comparing the phases of the measured output signals; and

providing a respective phase correction factor for all but

one of the measured output signals,

wherein the phases of the output signals are controlled

based on the phase correction factor for each one of the
output signals for which a phase correction factor is
provided.

16. The method according to claim 13, wherein the output
signals are generated with at least two signal generators that
each comprises an arbitrary signal generator with a signal
memory, wherein the arbitrary signal generator outputs an
arbitrary signal based on signal data that is stored in the
signal memory.

17. The method according to claim 13, wherein the output
signals are generated with at least two signal generators that
each comprises a sine signal generator that is configured to
output a sine signal with a predetermined frequency and
amplitude.

18. The method according to claim 13, wherein the output
signals are generated with at least two signal generators that
each comprises at least one of an attenuation/amplification
unit or a phase shifter.
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19. The method according to claim 13, wherein the output
signals are generated with an oscilloscope or a frequency
response analysis device.

20. The method according to claim 19, further comprising
measuring at least one signal provided by a device under test
based on the output signals provided to the device under test.

#* #* #* #* #*
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