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(57) Abstract: The present invention relates to a method and a corresponding system (10) for testing an analog signal under test (12)
using knowledge of at least one parameter of said signal under test (12), said method comprising the steps of: generating a reference
signal (16) using said knowledge of at least one parameter of said signal under test (12), combining said generated reference signal
(16) with said signal under test (12), resulting in a combination signal (20), and evaluating said combination signal (20) for testing
said signal under test (12).
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DESCRIPTION
ANALOG SIGNAL TEST USING A-PRIORI INFORMATION

BACKGROUND ART
[0001] The present invention relates to testing an analog signal.

[0002] According to the known methods the signal under test is digitized using an
analog-to-digital converter and the digitized signal under test is evaluated for testing
the signal under test. One problem is that the distortion in the signal under test is
sometimes small compared with to components of the ideal waveform of the signal
under test and thus the analog-to-digital converter has to fulfil high-performance
specifications, e.g. a big dynamic range for accurate conversion, in order to allow
detection of small distortions in the signal under test.

[0003] If the ideal waveform of the signal under test is a sine wave, a notch filter
can be used to suppress the main component of the signal under test thus relaxing the
dynamic range requirements of the analog-to-digital converter. But a real notch filter is
non-ideal and will also influence the distortion components in the signal under test
which are to be measured. Furthermore, for testing signals with different frequencies a

programmable notch filter has to be used which is expensive.

[0004] Testing of analog signals is known from, but not restricted to, Automated
Test Equipment (ATE). Integrated Circuits (IC) genérally need to be tested to assure
proper operation. This - in particular - is required during IC development and
manufacturing. In the latter case, the ICs are usually tested before final application.
During test, the IC, as device under test (DUT), is exposed to various types of stimulus
signals, and its responses are measured, processed -and usually compared o an
expected response of a good device. Automated Test Equipment (ATE) usually
performs these tasks according to a device-specific test program. Examples for ATE
are the AGILENT 83000 and 93000 families of Semiconductor Test Systems of
AGILENT Technologies as disclosed eg. under
http://www.ate.agilent.com/ste/products. Details of those families are also disclosed
e.g. in EP-A-859318, EP-A-864977, EP-A-886214, EP-A-882991, EP-A-1092983, US-
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A-5,499,248, US-A-5,453,995.
DISCLOSURE OF THE INVENTION

[0005] Itis an object of the invention to provide an improved method and system for
testing an analog signal. The object is achieved by the independent claims. Preferred

embodiments are shown by the dependent claims.

[0006] According to embodiments of the present invention, knowledge of at least
one parameter of said signal under test is used in order to generate a reference signal,
e.g. to generate the expected waveform of the signal under test. By combining said
generated reference signal with said signal under test, resulting in a combination
signal, it can be achieved that the evaluation of said combination signal is simplified,
e.g. since the combination signal has a smaller amplitude than said signal under test,
in particular a smaller dynamic range of the amplitude. Such a combination signal can
be evaluated with higher accuracy than the signal under test itself with its potential
high dynamic range of amplitude. This is advantageous in particular if the distortion,
e.g. noise and/or harmonics, i.e. the deviation of a signal under test from the ideal
waveform, is much smaller than the signal under test itself. For example, the
combination signal can be in the range of five to six decades smaller than the
amplitude of thedeal waveform of the signal under test. Therefore, according to
embodiments of the present invention, even a very small distortion can be detected by
using a test equipment of relaxed specifications. It is emphasized that the improved
method and system for testing an analog signal according to the invention is not limited
to sinusoidal ideal waveforms of signals under test but applies also to general
waveforms, including ramps, superposition of several sinusoidal wave forms,

modulated signals of various kinds and video-signals (step functions).

[0007] The invention uses knowledge of at least one parameter of said signal under
test, e.g. frequency and/or amplitude. The more information about the ideal waveform
of the signal under test is available, the more accurate the reference signal will be, and
thus the smaller the combination signal for testing said signal under test will be.
Testing can mean e.g. a pass/fail test of the signal under test and/or a measurement of

the signal under test. The present invention is very advantageous, but not restricted to,
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the application in the field of automated test equipment, since most commonly a device
under test generates a wave form that is known, e.g. an expectation exists for the wave
form generated by the device under test. An embodiment of the invention is simplified
and thus of particular advantage, if the wave form of the signal to be tested is a sine
wave or a superposition of sine waves. As an example, the ratio of unwanted
harmonics and/or unwanted noise to components of the signal under test has to be
determined. Testing can be performed by evaluating a digitized version of the signal
under test using an algorithm for determining distortion like noise and harmonics.
According to an embodiment of the present invention the reference signal is generated
as a signal corresponding fo an expectation of said signal under test, i.e. not all
parameters of the signal under test have to be known. In particular, according to
embodiments of the invention the combination signal can be evaluated in such a
manner that at first unknown parameters of the signal under test can be determined,
e.g. by varying the reference signal and analyzing the combination signal with respect

to the variations of the reference signals.

[0008] Combining said generated reference signal with said signal under test can
be performed by a comparison of said generated reference signal with said signal
under test, wherein such a comparison may include mathematical operations applied
to one of both signals and/or to both signals,,In a preferred embodiment of the
invention said combining comprises a subtraction operation, e.g. a subtraction of said
generated reference signal and said signal under test. Preferably, said combining is
performed using an analog form of each of both signals; accordingly, the reference

signal is generated using a digital-to-analog converter.

[0009] In another embodiment of the invention the reference signal is generated
using at least one oscillator, in particular if the signal under test is to be tested with
reference to a sine waveform. In a preferred embodiment the reference signal as
generated is filtered before combining said filtered generated reference signal with
said signal under test. The filter can be used to shape the generated reference signal,

e.g. for reducing distortion introduced by generating the reference signal.

[0010] In a preferred embodiment of the invention the combination signal is

-3-



10

15

20

25

WO 2006/092173 PCT/EP2005/050921

converted by an analog-to-digital converter into a digital combination signal.
Evaluation for testing said signal under test is preferably made on the basis of said
digital combination signal. The digital-to-analog converter which is used the generate
the reference signal can be controlled by results of analyzing said combination signal,
e.g. analyzing said digital combination signal, in order to optimize said reference
signal. For example the digital-to-analog converter is controlled such that the
combination signal is minimized, e.g. the difference signal formed by the subtraction
operation of said generated reference signal and said signal under test is minimized.
For minimization an appropriate algorithm can be used. A control element can be used
in the corresponding testing system to output control signals to the digital-to-analog
converter or the corresponding oscillator. Such embodiments are advantageous since
it is not required to know all parameters of the signal under test at first, but it would be
sufficient to know only one or more parameters and to optimize the reference signal

without knowledge of the remaining parameters at first.

[0011] In a preferred embodiment the digital-to-analog converter for generating the
reference signal is controlled by results of the analysis of said combination signal in

order to optimize said reference signal.

[0012] In a preferred embodiment of the invention the combination signal is
evaluated by a ;got-mean square (RMS) meter as an alternative or in additigﬁ to an
analog-digital-converter. Accordingly the energy represented by the combination signal
is measured as a value for testing the signal under test, e.g. such an energy value is

zero for an ideal signal under test.

[0013] Embodiments of the invention can be partly or entirely embodied or
supported by one or more suitable software programs, which can be stored on or
otherwise provided by any kind of data carrier, and which might be executed in or by
any suitable data processing unit. Software programs or routines are preferably
applied for the optimization of the generated reference signal, e.g. the control of the

digital-to-analog converter, or the evaluation of the combination signal.

BRIEF DESCRIPTION OF DRAWINGS
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[0014] Other objects and many of the attendant advantages of embodiments of the
present invention will be readily appreciated and become better understood by
reference to the following more detailed description of embodiments in connection with
the accompanied drawings. Features that are substantially or functionally equal or

similar will be referred to by the same reference signs.
[0015] Fig. 1shows a block diagram of a first embodiment of the invention,
[0016] Fig. 2 shows a spectrum of the signal under test 12 over the frequency f,

[0017] Fig. 3 shows in normalized form, the signal under test 12 as well as a

reference signal 16,

[0018] Fig. 4 shows the dependency of the specification for the ADC,

[0019] Fig. 5 shows a block diagram of a second embodiment of the invention, and
[0020] Fig. 6 shows a block diagram of a third embodiment of the invention.

[0021] Fig. 1 shows a block diagram of a first embodiment of the invention, i.e.
a block diagram of a first embodiment of the inventive system 10 for testing an analog
signal under test 12. The signal under test 12 is inputted to a means 14 for combining
said signal under test 12 with a reference signal 16 which is generated by a digital-to-
analog converter DAC 18. The means 14 for combining in this first embodiment is a
subtraction element outputting a combination signal 20. Since the signal under test 12
as well as the reference signal 16 is an analog signal, the combination signal 20 also

is an analog signal.

[0022] The reference signal 16 generated by the DAC 18 is a signal corresponding
to an expecitation of said signal under test 12. E.g., if the signal under test 12 is a sine
wave, the DAC 18 generates a reference signal 16 which is, or at least should be, an
ideal sine wave. Accordingly, the combination signal 20 represents only the distortion
in the signal under test 12. As a result, the combination signal 20 usually shows a

much smaller amplitude than the signal under test 12.

[0023] Inthe first embodiment the parameters of said signal under test 12 known to
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the inventive system 10 are e.g. the amplitude and the frequency of the expected
signal under test 12. Those parameters are inputted in the DAC 18 via a control signal
22. If none or not enough parameters of the signal under test 12 are known a priori, it
is possible to derive at least one or some of such parameters from the signal under test
12 itself.

[0024] For this purpose, in the first embodiment the signal under test 12 is inputted
to an attenuation element 24, which attenuates the amplitude of the signal under test
12 to a value similar to a usual combination signal 20. Using the switch 26 the output
of the attenuation element 24 is inputted in the analog-to-digital converter ADC 28
which converts the attenuated signal under test 12 into a digital output signal 30
representing the signal under test 12. Using an algorithm and digital processing
means, the parameters of the signal under test 12 can be analyzed from the digital
output signal 30 of the ADC 28. The extracted parameters can be used to provide the
control signal 22 for the DAC 18.

[0025] Once the necessary parameters to generate an appropriate reference signal
16 are extracted from the signal under test 12, the switch 26 connects the input of the
ADC 28 to the output of the means 14 for combining, i.e. the combination signal 20 is
inputted to the ADC 28. Although an evaluation for testing of said signal under test 12
from the“:"rif:ombination signal 20 is possible, for many applicationgs“ﬁit would be
advantageous to evaluate said combination signal 20 in a digital form as represented
by the digital output signal 30 of the ADC 28.

[0026] Fig. 2 shows the spectrum of the signal under test 12 over the frequency f.
As shown, the signal under test 12 comprises not only the first harmonic 32 at desired
frequency 1, but also undesired further harmonics 34 at 2 x f1, 3 x 1, 4 x f1 etc. and
furthermore a noise component 36. Evaluation according to the present invention, in
the first embodiment shown in fig. 1 either on the basis of the combination signal 20 or
on the basis of the digital output signal 30 of the ADC 28, identifies the further
undesired harmonics 34 and/or the noise component 36 and thus allows e.g. a
pass/fail test of the signal under test 12 according to predetermined specifications, or

even a measurement of the quantitative ratio of the further harmonics and/or of the
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noise component to components of the signal under test 12. Preferably, for evaluation
the same digital processing means are used as for extracting the control signal 22 for
the DAC 18.

[0027] Since the reference signal 16 is a signal corresponding to an expectation of
said signal under test 12, as a result of the combining of the reference signal 16 and
the signal under test 12 only the deviations of the signal under test 12 from the
generated reference signal 16 are to be measured. This advantageously relaxes the
specification for the ADC 28 and therefore allows testing with high accuracy at high
speed and low costs. In addition, the inventive method does not require necessarily
difficult and expensive filters, in particular notch filters, programmable filters etc..
Furthermore, the use of a DAC 18 for the generation of the reference signal 16, which
usually outperforms analog-to-digital converters concerning accuracy, allows the
application of the inventive method for all types of waveform for the signal under test
12.

[0028] The signal under test 12 can be an output signal from any kind of element or
apparatus, including an output signal of a signal generator, a clock etc. In a preferred
embodiment, the signal under test 12 is the output signal of a device under test DUT,

e.g. an integrated circuit IC tested by an automated test equipment ATE.

[0029] Fig. 3 shows in normalized form, the signal under test 12 as well as a
reference signal 16. Due to an amplitude error of the reference signal 16 in relation to
the signal under test 12 of about 10 % in amplitude and a time-skew of about 20 ns,
the combination signal 20 is also a sine wave, but the combination signal 20 has an
amplitude reduced by a factor of 10 in relation to the signal under test 12. Accordingly,
the specification for the ADC 28 concerning dynamic range is reduced by the same
factor, which is very advantageous in view of accuracy, stability and cost.

[0030] Fig. 4 shows how the specification for the ADC 28 concerning dynamic range
depends on error of amplitude and phase (skew) of the reference signal 16 in relation
to the signal under test 12. As can be seen, the reduction of the dynamic range is more
than 50 dB for a signal frequency of 1 MHz, if the amplitude error is less than 1 % and

the time skew error is less than 1 ns.
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[0031] Fig. 5 shows a block diagram of a second embodiment of the inventive
system 110. This embodiment is able to optimize at first unknown parameters of the
signal under test 112. In the left part of the block diagram, the system 110 is identical
to the first embodiment shown in fig. 1. In particular, the means 114 for combining is
also realized as a subtracting means, subtracting the reference signal 116 from the
signal under test 112. Nevertheless, it has to be noted, that other combining
operations are possible, in particular combining operations that perform other linear or
even non-linear functions, as far as the particular function is taken into consideration

for evaluating said combination signal 120.

[0032] In the second embodiment the output signal 130 is inputted to a control
element 140, which outputs the control signal 122 for the DAC 118. If e.g. the signal
under test 112 is a sine wave, the control element 140 may vary the parameters for
amplitude and/or frequency and/or phase of the reference signal 116 to be generaied
by the DAC 118 while monitoring the output signal 130. For further example, by
monitoring the output signal 130, the control signal 122 is varied in a way that the
energy equivalent of output signal 130 is minimized, in particular the energy equivalent
of the proportions of the unwanted further harmonics 34 in the signal under test 112.
Therefore, the combination signal 122 is minimized, and therefore the dynamic range
improvement for the ADC 128 is optimized. As a further advantage, in particular in
combination with the attenuation element 124, none of the parameters of the signal
under test 112 has to be known a priori but can be derived from the digital output

signal 130 by the control element 140.

[0033] Furthermore, the digital output signal 130 as well as the control signal 122 is
inputted to an evaluation element 142 for testing said signal under test 112. For joining
the output signal 130 and the control signal 122 an adder element 144 can be used

which output signal 146 is inputted to the evaluation element 142,

[0034] Fig. 6 shows a block diagram of a third embodiment of an inventive system
210. Similar to the first and second embodiment, the signal under test 212 can be
connected via a second switch 250 to the means 214 for combining as well as to the

attenuation element 224. The combination signal 220 or the attenuated signal under
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test 212 is connected via switch 226 to a root-mean-square (RMS) meter 252. The
RMS meter 252 is advantageous in particular, if the system 210 has to perform a sine
waveform test.

[0035] Accordingly, instead of the DAC of the first and second embodiment, in the
third embodiment an oscillator 254 is used. The oscillator output signal 256, which can
be regarded as an original reference signal generated by the oscillator 254, is
subjected to a filtering operation, i.e. inputted in a filter element 258. The filter element
258 can be realized e.g. as a notch filter and is able to eliminate or at least reduce
distortion and particularly unwanted harmonics generated by said oscillator 254.
Accordingly, the output of the notch filter 258 provides the reference signal 216 which
could be connected via the third switch 260 to the means 214 for combining. The third
embodiment is advantageous with regard e.g. to the filter element 258 which is much
easier to realize because it is not present in the signal path of the signal under test, but
only in the path of generating the reference signal 216. Thus the to-be-measured
distortion of the signal under test 212 is not changed inadvertently and the filter
element 258 is easier to design because there are no hard requirements on its
frequency response, as long as it allows propagation of the oscillator output signal 256
along filter element 258 to become reference signal 216.

[0036] It has to be noted that instead of an oscillator 254 obviously in the third
embodiment also a digital-to-analog converter DAC similar to that in the first and
second embodiment can be used. For the same reason, instead of the root-mean-
square meter 252, the analog-to-digital converter ADC shown in the first and second
embodiment can be used. In such case it is furthermore possible to loop back fromthe
DAC to the ADC or RMS meter 252 in order to calibrate determined distortions from
the DAC.

[0037] As a simple way to determine the quality of a signal under test 212 for the
case that the ideal signal is a pure sine signal, the third embodiment shown in Fig. 6
may be used in the following manner: The DAC/oscillator 254 is set to the wanted sine
signal frequency (f1 in Fig. 2) and amplitude. The notch filter 258 is not present in this

case. The combination signal 220 will now represent all other spectrum components 34

-9-
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including noise component 36 shown in Fig. 2 but the component 32 at f1. The ratio of
the amplitude of the reference signal 216 to the combination signal 220 now

represents a simple measure of the quality of the signal under test 212.

-10 -
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CLAIMS

A method for testing an analog signal under test (12) using knowledge of at least
one parameter of said signal under test (12), said method comprising the steps
of:

e generating a reference signal (16) using said knowledge of at least one

parameter of said signal under test (12),

e combining said generated reference signal (16) with said signal under test
(12), resulting in a combination signal (20), and

e evaluating said combination signal (20) for testing said signal under test (12).

The method of claim 1 or any one of the above claims, characterized in that said
reference signal (16) is chosen such that said combination signal (20) has a

smaller amplitude than said signal under test (12).

The method of claim 1 or any one of the above claims, characterized in that said
reference signal (16) is a signal corresponding to an expectation of said signal
under test (12).

The method of claim 1 df‘ény one of the above claims, characterized in that said
step of combining said generated reference signal (16) with said signal under test
(12) comprises a comparison of said generated reference signal (16) with said

signal under test (12).

The method of claim 1 or any one of the above claims, characterized in that said
step of combining said generated reference signal (16) with said signal under test
(12) comprises a subtraction operation of said generated reference signal (16)

and said signal under test (12).

The method of claim 1 or any one of the above claims, characterized in that said

reference signal (16) is generated using a digital-to-analog converter (18).

The method of claim 6, characterized in that said digital-to-analog converter (18)

-11-
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10.

1.

12.

13.

is controlled according to results of an analysis of said combination signal (20) to

optimize said reference signal (16).

The method of claim 1 or any one of the above claims, characterized in that said

reference signal (16) is generated using an oscillator.

The method of claim 1 or any one of the above claims, characterized in that, said

generating of said reference signal (16) is followed by a filtering operation.

The method of claim 1 or any one of the above claims, characterized in that said

combination signal (20) is evaluated by a root-mean-square (RMS) meter.

The method of claim 1 or any one of the above claims, characterized in that said
combination signal (20) is converted by an analog-to-digital converter (28) into a
digital combination signal (30) and that said evaluation is made on the basis of

said digital combination signal (30).

A software program or product, preferably stored on a data carrier, for executing
the method of claim 1 or any one of the above claims, when run on a data

processing system such as a computer.

A system (10) for testing an analog signal under test (12) using knowledge of at

least one parameter of said signal under test (12), said system comprising:

* means for generating a reference signal (16) using said knowledge of at least

one parameter of said signal under test (12),

e means (14)for combining said generated reference signal (16) with said signal
under test (12), resulting in a combination signal (20), and

e means for evaluating said combination signal (20) for testing said signal
under test (12).

-12-
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