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(57) Abstract: An embodiment according to the present invention comprises an
automated test equipment for testing one or more devices under test. The automated
test equipment is configured to automatically, dynamically generate one or more,
preferably a plurality of test scenarios comprising a plurality of test activities. Dif-
ferent test activities make use of subsets of the devices under test resources that can
overlap. The automated test equipment is configured to generate a plurality of test
scenarios, such that resources of the devices under test associated with a plurality
of test activities of a test scenario do not conflict with each other.
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An Automated Test Equipment, a Process and a Computer Program for Testing One
or More Devices under Test, wherein Different Test Activities Make Use of Subsets

of the Device under Test Resources

Technical Field

Embodiments according to the invention are related to automated test equipment. Further
embodiments according to the invention are related to system level tests. Further
embodiments according to the invention are related to on-chip system tests. Embodiments
according to the invention are related to covering tests.

Background of the Invention

It is an empirical observation or truth that some devices fail system level tests (SLT)
although they pass structural and/or parametric tests. This is usually attributed to unrealistic
test conditions during structural tests.

For example, an activity pattern across the die area is very different during structural tests
compared to system level tests. Structural tests spend most of the time with shift operations
where the frequency is very low, but the pattern activity is very high. This leads to an
unnatural loading of power supplies and therefore unrealistic voltage profiles versus location

on die and time.

A further example is, that the power domain crossings and/or clock domain crossings are
often not included in structural tests due to difficulties in automatic test pattern generation.
Faults in this area will be neither sensitized nor detected.

Structural tests suffer from unrealistic test conditions, they are optimized for excellent fault
detection capabilities. On the contrary, SLT consists exclusively of legitimate user
scenarios. Without knowing any fault model, it is agreed or commonly believed that a failing
SLT identifies a truly bad device.

There are certain disadvantages of system level tests, such as an SLT is by no means

exhaustive, because a device under test (DUT) runs only a small subset of possible uses
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and scenarios, in only one selected environment, such as supply voltages, frequencies,
temperature.

Another disadvantage is that SLT fails are difficult to debug, because the time between fault
sensitization and detection can be exiremely long and/or the exact order of all activities is
unknown and/or a simulation time for SLT would be way too long.

Further, SLTs have very long runtimes, ten minutes or more are no exception.

Moreover, SLT is difficult to deploy in test houses, because for each DUT a large number
of system-boards must be maintained.

There is a need for an improvement of the system level test, which provides a better tradeoff

between possible user scenarios, duration of runtimes, and practicality.

Summary of the Invention

An embodiment according to the present invention comprises an automated test equipment
for testing one or more devices under test (DUT), e.g. system on a chip (SoC). The
automated test equipment (ATE) is configured to automatically, dynamically generate one
or more, preferably a plurality of test scenarios comprising a plurality of test activities.
Different test activities, e.g. A1, A2, A3 make use of subsets of the DUT resources that can
overlap, e.g. A1: CPU2, Mem3, A2: Mem3, A3: MPEG. The automated test equipment is
configured to generate a plurality of test scenarios, such that resources of the DUT
associated with a plurality of test activities of a test scenario do not conflict with each other.

An on-chip system test (OCST) can be expected to find more relevant problems than SLT
does, because it exposes the DUT to a larger variety of legitimate test conditions than the
SLT does. A problem can be considered relevant when it occurs during a combination of
test activities, which could simulate or be part of a real use case.

OCST may vary external test conditions, such as supply voltages and frequencies to
sensitize faults and/or internal test conditions, such as intensity of test activities, e.g. speed
of data movements, in order to sensitize workload related faults. Once a fault is sensitized,
OCST provides good observability to detect failing behavior.
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An OCST may prove its effectiveness by showing which subset of SLT fails it is able to find.
In other words, the OCST may be able to find the failing subset of the SLT.

Ideally, OCST tests can be reproduced in a simulation environment, for example, for
debugging. OCST should also leverage existing on-chip resources such as design for test
(DFT), design for debug (DFD), scan chains, logic built-in self-tests (LBIST) and/or memory
built-in self-tests (MBIST). Also, multi-threading may be supported at interfaces between
multi-core DUT and multiple ATE resources.

In a preferred embodiment, the plurality of test activities of a given test scenario is
configured to be executed concurrently.

As the ATE is configured to generate test scenarios, in which the test activities use non-
overlapping DUT resources, such that, test activities of a test scenarios do not conflict with
each other. That is, testing can be sped up by executing the test activities of a given test

scenario concurrently.

A general idea of the invention is to concurrently run a large number of simple, realistic,
self-checking test activities on DUTSs, using DUT resources, such as data block moves or
built-in self-tests in a varying combination of test activity intensity and concurrency. Each
test activity can check selected or involved IP blocks, but also contributes to the test
conditions of other blocks through loading of supplies, clock trees and thermal coupling.

According to an embodiment, one or more of the test activities are associated with one or
more test parameters, such as voltage, speed, size of data transfers, times between data
transfers, block size into which the total data transfer is split, etc. Test parameters control
the behavior of test activities. The test parameters are characterized by respective test
parameter values, such as on/off, 5 V, 50 GB/s, etc. and/or are associated with one or more
constraints or limits, e.g. for dynamic creation of test parameter values.

The same test activities with different parameter values may be executed in a test sequence
comprising one or more test scenarios. Test activities may be associated with more than
one test parameter and/or constraint. For example, a test parameter value, that is a value
of a test parameter, such as voltage, can be varied from test activity to test activity. Test
activities might also have some constraints or limits, for example, to protect the DUT or the
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DUT resources, or to avoid scenarios that will not occur in real usage. Such constraint might
be a limited writing speed, a temperature limit, a limited usage of memory, etc.

According to an embodiment, one or more of the test activities are characterized by one or
more test parameter values outside predefined limitations or outside of chip specification,
such as too low voltage values and/or too fast frequencies.

Results of testing DUTs outside or slightly outside of the predefined limitations, or chip
specifications, might cotrelate with the performance of the DUTs within the predefined
limitations or chip specifications. That is, DUTs with good test results outside of the chip
specifications may hint at a good performance of the DUTs within the chip specifications.
On the contrary, a fail of the test outside of the chip specification is considered not a hard
hint or proof of a failing test within the chip specification, but indicates a weakness.

According to an embodiment, the plurality of test activities of a given test scenario are
chosen randomly, under the constraints that resources of the device under test associated
with the plurality of test activities of the given test scenario do not conflict with each other in
order to avoid conflicting requirements on usage or test parameter values from different test
activities.

A random mixture of test activities within a test scenario is needed for testing unknown
interactions between activities or test activities, which occur in a real working environment.
Randomization of parametrizable test activities covers many combinations of local
workloads and thus mimics a large number of realistic workload patterns that are considered
responsible for many system-level faults.

In a preferred embodiment the automated test equipment comprises a constraint solver for
generating test scenarios in order to prevent occurrences of conflicts between the resources
of the device under test.

Each test activity may have test parameters and optional constraints. For example, a data
block write and read-back test activity can have the test parameters of initial time delay,
block size, start address, subblock size, time delay before read back. Constraints can also
be at the test scenario level, involving test parameters from muiltiple test activities.

A workstation or a controller, such as an on-chip OCST controller or an OCST card, may

use a constraint solver to automatically generate test scenarios from test activities. The



10

15

20

25

30

WO 2022/017589 PCT/EP2020/070599

constraint solver matches test activities that can coexist concurrently without violating

resource constraints.

In a preferred embodiment, one or more of the test activities comprise activating a stress
generator arranged on the device under test, e.g. an on-chip stress generator, such as a
traffic generator to internal and/or external buses.

For example, existing or new design for test (DFT) structure can generate controlled stress
and increase observability in order to increase the likelihood of detection (or for more likely
fault detection). The stress generator may comprise a traffic generator to internal buses,
and/or a traffic generator to external inputs in order to mimic traffic from missing external
devices. The stress generator allows running built-in self-tests (BIST), such as memory or
logic built-in self-tests (MBIST, LBIST) in selected wrapped IP blocks. Further, the stress
generator may run input/output (I/O) lookback tests. Also, the stress generator may isolate
IP blocks using a wrapper, such as IEEE1500 wrapper, and switch its scan chains into a
linear-feedback shift register (LFSR).

According to an embodiment, the automated test equipment is configured to generate a test

seqguence, e.g. a sequence of test steps of test scenarios.

A test sequence of test scenarios is generated in order to test different mixtures of
concurrent test activities in order to mimic possible realistic workload combinations.

According to an embodiment, the test sequence comprises two or more test scenarios with
the same test activities, wherein the test scenarios differ by at least one test parameter

value.

Test sequences may comprise test scenarios with the same test activities with different test
parameter values in order to test the impact of the test parameters on the test result.
Changing only one test parameter value of an IP block of the DUT may impact or influence
another IP block of the DUT as well.

Further, conducting test scenarios with the same test activities but different test parameter
values may further help to locate a faulty IP block in the test evaluation process.
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In a preferred embodiment the plurality of test scenarios of the test sequences are chosen
and/or ordered randomly in order to mimic realistic workload patterns, e.g. by the automated

test equipment or by a controller.

A randomization of the test scenarios of the test sequences is further improving the test
process by creating or generating realistic workload. ldeally, the test scenarios are
independent of each other, that is a change in the order of the execution of the test
scenarios is not expected to change the behavior of the DUT. Randomization of the order
of the execution of that scenario may test, for example, whether rest heat or rest data from

previous test scenarios can influence the current test scenario.

In a preferred embodiment the automated test equipment is configured to generate the test
sequence, such that the test sequence configured to be executed by a controller in order to
collect test data.

The generated test sequences are executed by the controller or OCST controlier. The task
of the controller is to trigger execution of multiple test activities and read out the test results,
such as pass/fail results and/or measurement results. The controller knows which test
scenario is executing with which test parameter values. It is necessary for debugging when
an error occurs.

According to an embodiment, the controller is an on-chip processor, e.g. along with an
operating system, or a controller card, e.g. as part of the automated test equipment
configured to communicate with the automated test equipment and with the device under
test.

The controlier executes the test sequences on DUTs and provides measurement data or
measurement results to the ATE. The on-chip processor with operating system or the
controller card in the ATE communicates the measurement values or test results or
collected data from the DUT to the ATE.

In a preferred embodiment the controller comprises one or more interfaces configured to
read out DUT data such as memory data and/or device under test sensor data, e.g. on-chip
sensor data. Accordingly, the ATE is configured to set up the controller to read-out DUT
data and/or DUT sensor data.
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Reading out DUT test data and/or DUT sensor data over an interface further improves the
tests by allowing to compare the result data and/or result sensor data with the expected
result data or expected sensor data. The controller, the OCST controller is preferably an
on-chip processor along with an optional test operating system, which interfaces to on-chip
IJTAG in order to read out on-chip sensor data.

According to an embodiment the controller interfaces to one or more sensors distributed
over the device under test area, such that the controller is configured to read out sensor
test data of the one or more sensors. Accordingly, the automated test equipment is
configured to set up the controller to read out sensor test data of the one or more sensors
distributed over the device under test area comprised by the controller.

Whether the controller is an on-chip processor or a OCST control card that communicates
with the DUT or the ATE workstation, the controller may comprise additional sensors
distributed over the die area of the DUT in order to detect local abnormalities. Applied

sensors may comprise, for example, temperature, current and/or voltage sensors.

In a preferred embodiments, the controller is configured to react, for example, collect extra
data, such as stored system data, program counter or memory register information, in case
the collected test data fulfills a predetermined condition, such as exceeds one or more
predefined thresholds. Accordingly, the automated test equipment is configured to set up
the controller to react in case the collected test data fulfills predetermined conditions.

For example, a controlier may interface to one or more sensors with optional thresholded
alarm capabilities for a temperature value, such as current/maximum/minimum peak
temperature, for a voltage value, such as current/maximum/minimum peak voltage, and/or
timing violations, for example in razor circuits. The alarm capabilities can trigger, for
example, storage of important system data, such as, for example, program counters,
memory controller registers in order to simplify debugging.

According to an embodiment, the controller is configured to communicate the collected test
data to the automated test equipment.

Whether it is test result data or measured data or any collected data triggered by measured
data or by test result data, the collected test data is provided by the controller to the ATE.
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According to an embodiment, the controller or the automated test equipment is configured
to dynamically create test parameter values based on the test activity constraints and/or
based on collected test data.

The collected test data may be analyzed by the ATE or by the controlier during the test
process in order to modify existing test parameter values or add one or more test scenarios
to the test sequence with new test parameter values. The creation of new test parameter

values may consider the constraints of the given test activity.

In a preferred embodiment, the controller or the automated test equipment is configured to
analyze the collected test data in order to optimize test sequences, for example, to solving
the minimum covering set problem, reduce redundancies and/or never failing test activities.

The collected test data is not only used to dynamically create test parameter values but also
to optimize test sequences. A general idea of testing is to identify those test parameters
that influence the occurrence of test fails. Redundant test activities may help to evaluate the
effect of, for example, a single or a small group of test parameters. After identifying the most
influencing test activities and/or test scenarios, the number of test scenarios or test activities
in the test scenarios can be reduced to a minimum set of test activities in order to reduce
the running time of the test sequence.

According to an embodiment the controller of the automated test equipment is configured
to compare or calculate the correlations of results of system level tests within the predefined
limitation with the collected test data, e.g. device under test data, device under test sensor
data, sensor test data, within and/or outside the predefined limitation in order to optimize
test time.

Tests are conducted outside the predefined limitations or specification of the DUT and are
compared with the system level tests within the predefined limitations. Test activities with
positive test results outside of the predefined limitations may indicate a passing system level
test within the predefined limitation. Comparing the test results within the predefined
limitations with test results outside of the predefined limitations may help to reduce the
number of test scenarios and/or test activities within the test scenarios. It may also help to
identify or decide to which extent test parameter values can be outside of the predefined
limitation in order to provide good correlation between tests performed inside and outside
of the predefined limitations.
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In a preferred embodiment the automated test equipment comprises an artificial intelligence
or a machine-learning unit, wherein the controller or the automated test equipment is
configured to train the artificial intelligence or the machine-learning unit with results of
system level tests and/or with the collected test data and/or with the comparison of the
system level tests and the collected test data in order to optimize test sequences.

Further, in a preferred embodiment, the trained artificial intelligence or machine-learning

unit is configured to predict the results of system level tests based on the collected test data.

The artificial intelligence or machine-learning unit may be trained with the result of system
level tests combined with the collected test data and/or with collected sensor data to
compare the system level test results with the collected test data in order to predict the
results of the system level tests based on the collected test data or measurement data.

Using a prediction of the system level test results based on collected test data may further
reduce the number of test scenarios and/or the number of test activities in a test scenario
of the test sequence.

In a preferred embodiment, the controller or the automated test equipment is configured to
analyze the collected test data in order to obtain a test result, e.g. to identify a faulty device
under test and/or a faulty device under test resource, and/or to classify a device under test.

Analyzing the collected test data by, for example, using statistical methods, may have to
define the faulty IP block of the DUT, or classify an IP block of the DUT.

In a preferred embodiment, the trained artificial intelligence or machine-learning unit is
configured to analyze the collected test data in order to optimize test sequences and/or
obtained test result.

The already trained machine-learning unit may further improve the test sequence and/or
improve the statistical method to classify the IP blocks of the DUT and/or define faulty IP
blocks of the DUT.

Further embodiments according to the invention create respective methods and respective
computer programs.
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However, it should be noted that the methods are based on the same considerations as the

corresponding automated test equipments. Moreover, the methods can be supplemented

by any of the features, functionalities and details which are described herein with respect to

the automated test equipments, both individuaily and taken in combination.

Brief Description of the Figures

Embodiments according to the present application will subsequently be described taking

reference to the enclosed figures, in which:

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

shows a schematic representation of a test arrangement comprising an
automated test equipment for testing one or more devices under test, according
{o an embodiment;

shows a block diagram describing a testing process conducted by a test

arrangement, according to an embodiment;

shows an exemplary test activity table, input of a constraint solver, according to
an embodiment;

shows an exemplary resource conflict table used by a constraint solver,
according to an embodiment;

shows an exemplary test scenario table used by a constraint solver, according
to an embodiment;

shows an exemplary test step table used by a constraint solver, according to an
embodiment;

shows an empty test result table with an exemplary test sequence created by a
constraint solver, according to an embodiment;

shows an exemplary fail per test step table used for optimizing the number of
test steps, according to an embodiment;
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Fig. 9 shows a comparison table between the SLT testing and the OCST testing,

according to an embodiment;

Fig. 10 shows a table combining the collected test data with SLT results used as a
training data set for a machine learning moduie, according to an embodiment;

Fig. 11 shows a table combining the collected test data with OCST results used as a
training data set for a machine learning module, according to an embodiment.

Detailed Description of the Embodiments

In the following, different inventive embodiments and aspects will be described. Also, further
embodiments will be defined by the enclosed ciaims.

It should be noted that any embodiments as defined by the claims can be supplemented by
any of the details, features and functionalities described herein. Also, the embodiments
described herein can be used individually, and can also optionally be supplemented by any
of the details, features and functionalities included in the claims. Also, it should be noted
that individual aspects described herein can be used individually or in combination. Thus,
details can be added to each of said individual aspects without adding details to another
one of said aspects. It should also be noted that the present disclosure describes explicitly
or implicitly features usable in an automated test equipment. Thus, any of the features

described herein can be used in the context of an automated test equipment.

Moreover, features and functionalities disclosed herein relating to a method can also be
used in an apparatus, configured to perform such functionality. Furthermore, any features
and functionalities disclosed herein with respect to an apparatus can also be used in a
corresponding method. In other words, the methods disclosed herein can be supplemented
by any of the features and functionalities described with respect to the apparatuses.

The invention will be understood more fully from the detailed description given below and
from the accompanying drawings of embodiments of the invention, which, however, should
not be taken to limit the invention to the specific embodiments described, but are for

explanation and understanding only.



10

15

20

25

30

35

12
WO 2022/017589 PCT/EP2020/070599

Embodiment According to Fig. 1

Fig. 1 shows a schematic representation of a test arrangement 100 comprising an
automated test equipment (ATE) 110 for testing one or mare devices under test (DUT) 120.
Fig. 1 further comprises an exempiary DUT 120 comprising a plurality of DUT resources
130a-e. The DUT resources 130a-e may comprise different IP blocks, such as CPU,
memory, MPEG, etc.

The ATE 110 is configured to generate a plurality of test scenarios 140a-c, each comprising
a plurality of test activities. For example, the test scenario 140c comprises the test activities
150a-c.

Each test activity is configured to make use of one or more DUT resources 130a-e. For
example, the test activity 150a is configured to use the DUT resource 130e. Or for example,
the test activity 150b is configured to use the DUT resources 130c and 130d. Another
example may be the test activity 150c, which is configured to use the DUT resources 130a
and 130b.

The automated test equipment 110 is configured to generate the plurality of test scenarios,
such as the test scenarios 140a-c, such that the DUT resources, like the DUT resources
130a-e, associated with the plurality of test activities, like the test activities 150a-c, do not
conflict with each other. For example the test activities 150a-c are grouped into the test
scenario 140c, such that the DUT resources 130a-e of the test activities 150a-c are non-
conflicting, allowing concurrent execution of the test activities 150a-c of the given test

scenario 140c.

A general idea of on-chip-system tests (OCST) is to concurrently run large number of
simple, realistic test activities on DUTs 120 using DUT resources 130a-e, wherein
combinations and/or an intensities of the concurrent test activities varies. Each test éétivity
can check involved IP blocks but also contributes to the test conditions of other IP blocks
through loading of supplies, clock trees and thermal coupling. Examples of test activities
may comprise moving data blocks or executing built in self tests, such as memory built in
self tests (MBIST), or logic built in self tests (LBIST).

For example the OCST controller runs structural tests, such as LBIST, MBIST, etc., locally
in some IP blocks. These test activities are obviously self-checking but can also serve as
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stress generator to control the test conditions of other simultaneously running test activities.
In test scenarios some IP cores run structural tests, while some other cores are involved

e.g. in code-based test activities.

The involved IP blocks may appiy design for test (DFT) structures or technigues, such as
generating stress in order to sensitize faults and/or increasing observability so that
sensitized faults are likely to be detected and/or providing access to existing structures for

debug or for in-system tests.

A randomization of test activities or parameterizable test activities covers many
combinations of local workloads and thus mimics large number of realistic work load
patterns that are considered responsible for many system-level faults. Existing or new
design for tests (DFT) structures can generate controlled stress and increase the
observability in order to increase the likelihood of fault detection (or for more likely fault
detection).

DFT structures may improve observability by, for example, the on-chip OCST controller
interfaces to on-chip IUTAG in order to read out on-chip sensor data.

For example, added sensors with optional thresholded alarm capabilities for current / max
peak / min peak temperature and/or for current / max peak / min peak voltage and/or timing
violation, for example in razor circuits, may further improve the observability. The alarm can
trigger storage or saving of important system status, such as program counters, memory

controller registers in order to simplify debugging.

Observability may be further improved by extra sensors distributed over the die area to
detect local anomalies. Or by connecting a processor, in order to trace memory comparing
its content to expectations. Further, assertion checkers may be added, such as protocol
checkers, or CRC, or a bus traffic logger to measure coverage and assist in debugging.

The test activities are orchestrated by, for example, an on-chip-system test (OCST)
controller in a controlled way, so that most effective test conditions can be determined and
fails can be attributed to specific test activities and their test parameter values.
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Embodiments According to Fig. 2

Fig. 2 shows a block diagram 200 describing a testing process conducted by a test
arrangement, similar to the test arrangement 100 of Fig. 1.

The block diagram 200 starts with a test activity table 210. The test activity table 210
comprises a column of test activities 212, wherein each test activity 212 may use one or
more DUT resources 214. The corresponding DUT resources 214 is provided in a DUT
resources 214 column. Further, the test activities 212 may have corresponding test
parameters 216 and/or constraints 218 provided in separate columns. Constraints can be
at the test scenario level and reference test parameters from multiple test activities.

The test activity table 210 is fed into the constraint solver 250. The constraint solver 250
may be comprised by an ATE 220, by a controller 270 or it may be a separate entity, as
shown in Fig. 2. The constraint solver 250 of Fig. 2 has one input and one output. The input
of the constraint solver 250 is fed by the test activity table 210. The output of the constraint
solver is a test sequence table 260.

The test sequence table 260 comprises test scenarios 262, similar to the test scenarios
140a-c on Fig. 1. The test scenarios may comprise one or more test activities 212a-e,
wherein each test activity 212a-e may comprise test parameter values 216a-e. The test
sequence table 260 is provided to the ATE 220 or to the controller 270.

For example, the first scenario may comprise a first test activity 212a with the test
parameters P1 216a, P2 216b and the test activity 212b with the test parameters P3 216¢
and P4 216d. The second scenario may comprise the second test activity 212b with the test
parameters P3 216¢ and the test parameter P4 216d. A third scenario may comprise a third
test activity 212c with the test parameters P3 216¢ and P5 216e. A fourth scenario may
comprise a fourth test activity 212d with the test parameter P2 216b and the test parameter
P4 266d.

The controller 270 takes the test sequence table 260 as input and outputs a test result table
280. The test result table 280 provided by the test block 270 comprises the test results 288
of the one or more test activities 212 of the test scenarios 262 executed on the DUTs 282.
The test result table 280 is fed into the ATE 220 and/or or back into the controller 270.
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The ATE 220 or the controller 270 has accepts the test result table 280 as input and
provides an improved test sequence table 260 and/or a result table 292 as an output.

The improved test sequence table 260 may further be used as input of the controller 270 to
provide a new test result table 280 which can be fed back into the ATE 220 or into the
controller 270.

The result table 292 provided by the ATE 220 or controller 270 comprises pass/fail test
results 298 of the DUT resources 296. Additionally and/or alternatively the result table 292
may comprise a classification of the DUT resources 296.

The test activity table 210 with constraints 218, test parameters 216 and resources 214
required by the test activities 212 are provided to the constraint solver 250. The test activity
table 210 or a library of test activities may further comprise a pool of code for the controller
270 or the OCST controller 270 to activate or execute test activities 212. The library may
also know which DUT or on-chip and ATE resources are used by a given test activity 212.

The constraint solver 250 is configured to create a test sequence table 260 from the test
activity table 210. The test sequence table 260 comprises test scenarios 262, wherein test
scenarios 262 comprise one or more test activities 212a-e, which can coexist or can be
executed concurrently without violating resource constraints 218. The test scenarios 262
are generated automatically by the constraint solver 250 running on the work station and/or
on the controller 270, such as an OCST card or an on-chip OCST controller. The constraints
may be modelied in PSS.

The test sequence table 260 provided by the constraint solver 250 comprises the scenarios
262, wherein one or more test activities 212a-d associated with one or more test parameters
216a-e may be executed concurrently. The test parameter values characterizing the
respective test parameters 216a-e are chosen randomly or so as to have an emphasis on
extreme values. The order of the test scenarios 262 is, for example, generated randomly,
in order to simulate real life workload.

The generated test sequence table 260 is provided to the controller 270, such as an on-
chip OCST controller, which is configured to execute the test scenarios 262 of the test
sequence table 260, in order to collect test data 280. The controller 270 may comprise
interfaces to communicate with the ATE and/or interfaces to communicate with the DUT.
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The controller 270 may read out DUT test data and/or DUT sensor data and/or the controller
may comprise sensors over the DUT area or die area to detect local anomalies. The
measured values or collected data 280 may trigger the controller 270 to collect further
information such as memory information or status information of the DUT, if the

measurement values and/or the sensor values fulfil certain predefined conditions.

The controller 270 is configured to communicate the collected test data 280 or test results
288 of test activities 212 of the scenarios 262 to the ATE 220. The ATE 220 or the controller

270 is configured to further improve the testing process and/or debug or diagnose the DUT.

The controller 270, such as an on-chip OCST controlier or an OCST card, or an ATE 220
is configured to dynamically create or modify the set of test parameters of the test scenarios
that may meet constraints and may allow to know current test parameters for debugging.
Methods to create test parameter value sets for test activities 212 include randomization,
which follows a desired distribution which optional emphasis on extreme values, using, for
example, a constraint solver to maximize coverage, or using, e.g. nested loops for an

exhaustive coverage of a few test parameters.

In order to further improve the testing environment a test learning environment may be
required. Extensive characterization tests are the basis for the test learning, wherein many
DUTs are exposed to many test steps or to many test scenarios. Preferably, not all DUTs
282 are exposed to the same test steps or test scenarios, in order to cover a large amount
of combinations of test parameters 216. In order to avoid bias of test scenarios towards
certain DUTs 282, test steps or test scenarios are executed in random permutation order.

The ATE 220 or the controller 270 may use machine learning or Al module as well, trained
with the collected test result data 280 and the system level test results. The machine
learning module may analyze the collected test result data 280 and the system level test
result and may predict system level test results based on a new set of collected test data
280.

The Al module may further be trained by measured result data without specification limits,
such as on-chip sensor data or by test parameters outside specification limits, such as too
low voltages or too fast frequencies, in order to predict system level test fails from the test
results. Failing test steps or test activities outside specification limits is not an evidence for
bad DUTs.
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However, machine learning modules or models can be constructed to predict system level
test results from test step or test activity result, including measured results without or outside
specification limits and including test steps or scenarios with out-of-specification test
parameters and test steps or scenarios related properties, such as involved test activities

and test resources.

Such model may likely find some of the previously escaped SLT fails, but may also fail some
DUTs that pass SLT and pass all other legitimate OCST tests. These cases may be
considered yield loss through test and may be traded carefully against additionally found
SLT fails, preferably based on a cost model. Only those additional test steps or scenarios
may be included in production steps that are needed by such models. Other additional test
steps can be removed again.

The ATE 220 or the controller 270 may further configured to debug and/or diagnose the
DUT. As the test result table 280 comprises results 288 of concurrently executed test
activities 212 of test scenarios 262, there is a need for further analyses of the collected test
data 280 in order to identify and/or classify faulty DUTs or DUT resources.

The general idea for debugging or diagnosing is to identify those test parameters 216 that
influence the occurrence of OCST fails most. Test parameters 216, associated with test
activities 212 that involve certain actions in specific IP blocks, are providing informative hints

for debugging.

A machine learning module trained by a table combining test steps or scenarios with test
activities, DUT resources, test parameters, test results and overall OCST result, optionally
for multiple DUTs may be used for classifying or identifying faulty DUT resources. The
machine learning module or machine learning feature selection algorithm may identify which
test activities, test or DUT resources and test results are important to explain OCST results
that contribute to the occurrence of OCST fails.

In other words, the controller 270 is controlling the test process. The controller, or OCST
controller is preferably an on-chip processor along with an optional test operating system,
but can also be an OCST card that communicates with the DUT or the ATE workstation.
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A task of the OCST controller may be, for example, to trigger execution of multiple test
activities and read-out their pass/fail results and/or measurement results. The test activities

may include a combination of optional stress generation and/or optional fault detection.

Further examples of test activities are listed below:

e The ATE sets external test conditions of the DUT, e.g. DUT supply voltage or
frequency, i.e. the OCST controller can control ATE resources.

o ATE performs measurements, e.g. supply current measurements.

e Moving data block between IP cores and checking the content before and/or
afterwards.

¢ Running memory tests on on-chip CPUs.

¢ Running memory self-tests.

¢ Compressing and decompressing images and checking the differences between the
original and the decompressed image. (stress & check)

¢ Running /O loopback tests.

e Applying stress generation, using DFT techniques.

e Activating and reading-out of any of the observability structures, using DFT
techniques.

The controller always knows which test scenario is executing with which test (activity)
parameters, which is necessary for debugging when errors occur.

Further, the controller or the OCST controller could dynamically create or modify test activity
parameters based on constraints, and/or could work or import them from precomputed lists.
Also, the controller, or the processor running the OCST controller code could also generate
test activities.

Exemplary Test Activity Table According to Fig. 3

Fig. 3 shows an exemplary test activity table 300 according to an embodiment. The test
activity table 300 is similar to or an example of the test activity table 210 of Fig. 2.

The test activity table 300 comprises columns of test activities, resources, test parameters
and possible results. The test activity table is configured to list all possible test to be
executed on a DUT with the required resourced, adjustable parameters and possible

outcomes or results.
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The test activity table 300 may be used by a constraint solver, such as the constraint solver
250 of Fig. 2, as input in order to create test sequences. A test sequence may define which

test activity with which test parameters are executed on which DUT in what order.

The test activity table 300 may comprise common test activities or DUT specific test
activities. Some examples of test activities are contained by the exemplary test activity table
300.

For example, a first test activity A1 may comprises a processing unit 2 (CPU2) writing data
to memory 3 (MEM3) and checking the content of MEM3. The activity A1 requires the
resources R1: CPU2, R2: MEM3, R3: ATE DPS for core supply. The adjustable test
parameters of test activity A1 is P1: bandwidth, P2: DPS voltage. Results may include two

values r1 which is a fail/pass value and r2 which is an electrical current value.
For example, a test activity A2 is a memory built in self-test (MBIST) of the MEM3, which
requires the resource R2, that is MEM3, without any adjustable parameters and with an

outcome of a pass/fail value as a result.

For example, a test activity A3 is an MPEG self-test, requiring an MPEG resource having

adjustable block sizes as test parameter P3, with an outcome of a pass/fail value.

Resource Conflict Table According to Fig. 4

Fig. 4 shows a resource conflict table 400 which might be used and/or created by the
constraint solver 250 of Fig. 2. The resource conflict table 400 has a test activities column
and a column for every resource of the DUT. Each test activity of the table 400 uses one or
more DUT test resources, which is represented by an ‘X’ in the respective resource column.

A constraint solver, like the constraint solver 250 of Fig. 2 may take a test activity table, like
table 300 of Fig. 3 as an input in order to create a test sequence. A step of creating a test
sequence is to create a resource conflict table, such as a resource conflict table 400. The
resource conflict table 400 shows which test activities are using the same DUT resources
and therefore which test activities cannot run concurrently.
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For example, the resource conflict table 400 show conflicting resources of the test activities
of the test activity table 300. For example, test activity A1 uses the resources R1, R2, R3
and does not use R4. For example, the test activity A2 uses only R2 as a resource. For
example, the test activity A3 uses the DUT resource R4.

As the resource conflict table 400 shows, the test activity A1 and the test activity A2 are
conflicting test activities because both of them requires the test resource R2. Test activities
A1 and A2 both require test resource R2 and can therefore not be run concurrently. That s,
the test activity A1 and test activity A2 cannot run concurrently, e.g., cannot be put in the
same test scenario. The test activities without resource conflicts can be combined to test
scenarios.

Test Scenario Table Accordinq to Fig. 5

Fig. 5 shows a test scenario table 500 which might be used or created by a constraints
solver 250 of Fig. 2. The test scenario table 500 comprises a test scenario column and a
column for each test activity provided. The test scenario table 500 comprises all the possible

test scenarios. The one or more test activities of the test scenarios are run concurrently.

The test scenario table 500 shows all the test scenarios which might be created from the
test activities, like the test activities A1, A2 and A3 of the test activity table 300 of Fig 3. The
test activities of a test scenario are required to be non-conflicting. Conflicting test activities
are shown in an resource conflict table, similar to the resource conflict table 400 of Fig. 4.
Excluding the test scenarios with conflicting test activities, taken from the resource conflict
table, from all the possible test scenarios results in the test scenario table with non-
conflicting test activities, such as the test scenario table 500.

For example, the test scenario table 500 comprises the test scenario column and a column
for every test activity, such as A1, A2, A3. According to the resource conflict table 400 of
Fig. 4, A1 and A2 use the same resource R2, therefore the test activity A1 and the test
activity A2 cannot run concurrently and cannot be in the same test scenario.

For example, the test scenarios of the exemplary test activities of Fig. 3 are the test scenario
S1 with the test activity A1, the test scenario S2 with the test activity A2, the test scenario
83 with the test activity A3, the test scenario S4 with the concurrent test activities A1, A3,
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and the test scenario S5 with the concurrent test activities A2, A3. Due to resource
constraints, no test scenario runs test activities A1 and A2 concurrently.

Whether test activities are really run concurrently can depend on test parameter settings
and other unknown factors. A test sequence or a test suit consists of multiple test steps that

execute a given test scenario with specified test parameter values for their test activities.

Test Step Table According to Fig. 6

Fig. 6 shows a test step table 600 which can be used or created by a constraint solver 250
of Fig. 2. The test step table comprise columns of test steps, test scenarios, test activities
and columns for test parameters corresponding to test activities.

The test step column of the test step table 600 comprises a running number in order to
identify the different test steps. The test scenario column may comprise all the possible test
scenarios at least once. The test scenarios may be tested more than once with several
different test parameters. Similar to the test scenario table 500 of Fig. 5, the test activities
of the test scenarios are represented by an ‘X’ in the corresponding test activity column.

If the test scenario comprises test activities, the corresponding test parameter columns
comprise test parameter values. Test parameter values are preferably generated randomly,
optionally following a predefined distribution and/or optionally with a certain percentage
concentrating on extreme values that tend to provoke more problems than random
generated test parameter values.

A test sequence, such as the test sequence table 260 of Fig. 2 is generated from the test
step table 600, by mapping test steps of the test step table 600 to DUTs randomly or
following a predefined distribution in order to provoke more problems than a randomly
mapped test sequence.

The test scenario column comprises all the possible test scenarios, such as the test
scenarios S1 to S5 from the test scenario table 500, wherein the test scenarios may be
tested with several different test parameters.

For example, a first test step might be the first test scenario S1 with a test activity A1,
corresponding with the test parameters P1, bandwidth of 10 GB/S, and test parameters P2,
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DPS voltage of 0.9 V. For example, a test step 2 comprises the same test scenario S1 with
different test parameters P1, a bandwidth of 20 GB/S, and P2, a DPS voltage of 0.86 V.

For example, a test step 3 may comprise the test scenario S2 which comprise a test activity
A2 without any adjustable test parameters.

For example, a test step 4 comprises the test scenario S3 with a test activity A3 wherein
the test parameter P3 is a block size of 128 kB. For example, a test step 5 comprises the
same scenario S3 with a test parameter P3 of a block size of 1 MB.

For example, a test step 6 comprises the test scenario S4 with the test activities A1 and A3,
with the test parameters of P1, a bandwidth of 50 GB/S, P2, DPS voltage of 1.04 V and a
test parameter P3, a block size of 6 MB. For example, a step 7 comprises the same scenario
S4 with the test parameter of P3, a bandwidth of 3 GB/S, P2, a DPS voltage of 0.97 V and
a P3 a block size of 500 KB. For example, a step 8 comprises the same scenario S4 with
the test parameters P1 a bandwidth of 27 GB/S, P2 a DPS voltage of 0.88 V and P3 a block
size of 21 MB.

For example, a test step 9 comprises a test scenario of S5 with a test activity A2 without
test parameters and the test activity A3 with a test parameter of P3, a block size of 7 MB.
For example, a test step 10 comprises the same test scenario as S5 with a test parameter
of P3 a block size of 780 KB. For example, a step 11 comprises the same test scenario as
S5 with a test parameter of P3 a block size of 13 MB.

Test Result Table According to Fig. 7

Fig. 7 shows an empty test result table 700 which might be filled out by the controller after
conducting test activities of the test sequence table 260 of Fig. 2. The test result table
comprise columns of DUTSs, test steps, test results of test activities, and an overall test result

column,

The test result table 700 comprise the test sequence, such as the test sequence table 260
of Fig. 2. The first two columns of the test result table 700, the DUT and the test step column,
define which test step is performed on which DUT. The test sequence is generated from the
test step table 600 of Fig 6, by mapping test steps of the test step table 600 to DUTs
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randomly or following a predefined distribution and/or fulfilling predefined conditions in order
to provoke more problems than the randomly mapped test sequence.

An exemplary test sequence may comprise, for example, a DUT1 tested by the test steps
6, 11,7, 1 and 8, and a DUT2 tested by the test steps of 5, 2, 10, 4 and 9.

The controller, such as an on-chip controller or a controller card performs the tests
according to the test sequence. The results of the test activities, represented by the columns
r1 (#fails), r2 (current), r3 (#fails), r4 (p/f) are collected by the controller. The overall OCST
result may be based on all of the results of the test activities or on a subset of the test activity
results. Additionally or alternatively the OCST result may comprise a classification of the
DUT based on the test activity results or some of the test activity results.

In this example, the overall OCST result is calculated from the results r1, r3 and r4, that is,
the measured result r2 does not contribute to the over test result because it has no

specification limits in this example.

Fail Per Test Step Table According to Fig. 8

Fig. 8 shows a fail per test step table 800 comprising a DUT column and columns for every
test steps. The tested DUTs are listed in the DUT column. A row of a tested DUT comprises
a letter ‘P’ in a given test step column, if the DUT has passed the given test step and a letter
‘F’ with a highlighted background if the DUT has failed the given test step.

The controller or the ATE is configured to use the fail per test step table 800 for optimize,
preferably reduce, the number of test steps. For example, the number of never failing tests
and/or redundant test steps may be reduced. The task of the controller or the ATE may
comprise selecting a minimum set of test steps, which is known as the minimum covering

set problem, which has a known solution.

For example, in the case of the fail per test step table 800 may comprise the test results of
four DUTs, DUT 1-4. For example, DUT 1 may pass all the test steps except test step 6.
For example, DUT 2 may pass all the test steps except the test steps 2 and 4. For example,
DUT 3 may pass all the test steps except the test steps 1 and 6. For example, DUT 4 may
pass all the test steps except the test step 8.
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For example, as the controller or the ATE analyze the fail per test step table 800, the
controller may come to the conclusion that the test steps 3, 5 and 7 never fail and can
therefore be removed from the production tests. Further, test step 4 is redundant to test
step 2 and may also be removed.

Comparing OCST with SLT According to Fig. 9

Fig. 9 shows an exemplary comparison table 900 between the OCST test results and the
SLT test results. The exemplary comparison table 900 shows differences that may occur
when testing the same set of DUTs with both OCST and SLT testing methods.

In this example, 9900 devices passed and 70 failed the both of the test methods, OCST
and SLT. There were 25 devices or DUTs failing the OCST test, but passing the SLT test,
while there were only 5 DUTs passing the OCST test and failing the SLT test.

In other words, in the above example, OCST misses 5 devices that fail SLT, but finds
problems in 25 DUT that SLT does not find, which is a good balance assuming all test steps

describe realistic scenarios with realistic test parameter values.

Training Table Combining Test Results with SLT Results According to Fig. 10

Fig. 10 shows a training table 1000 combining the collected test data with the SLT results.
The training table 1000 is configured to be used as a training table or training data set for a
machine fearning or Al module. The training table 1000 may comprise all the test activities,
test resources and test results of test steps conducted on DUTs with corresponding SLT
results. The training table 1000 may comprise multiple test steps executed on multiple
DUTs.

The training table 1000 may comprise test data collected outside, or slightly outside, of the
specification of the DUTs combined with SLT results, wherein the SLT tests were conducted
within the specification of the DUTs. For example, in this case, a failing OCST result is not
considered a strong sign of a failing DUT, but a passed OCST test outside the specification
limits may considered as a strong sign of a good DUT and may result in classifying the DUT
as a high quality DUT.
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The ATE or the controller may comprise a machine learning unit or Al module which may
be trained by the training table 1000 and may be configured to predict the SLT result from
a newly conducted test step on a DUT. The machine learning unit may be used for improving
the test process as well.

Training Table with Test Results According to Fig. 11

Fig. 11 shows a training table 1100 comprising the collected test data and the overall OCST
results. The training table 1100 is configured to be used as a training table or training data
set for a machine learning or Al module. The training table 1100 may comprise test
activities, test resources and test results of test steps conducted on DUTs with
corresponding overall OCST results.

The table 1100 is used for debugging and diagnosis purposes. A general idea of debugging
is to identify those test parameters that influence the occurrence of OCST fails most. The
ATE or the controller may comprise the Al or machine learning unit in order to identify and/or
classify frequently failing DUT resources or DUTs. For efficiency reasons the table might be
restricted to failing devices. The analyzers can be done across many DUTs to identify
frequently occurring fault mechanisms.

The machine learning unit or module may be trained by the test result table 1100 in order
to predict the failing DUT, or DUT resources.

Implementation alternatives

Although some aspects have been described in the context of an apparatus, it is clear that
these aspects also represent a description of the corresponding method, where a block or
device corresponds to a method step or a feature of a method step. Analogously, aspects
described in the context of a method step also represent a description of a corresponding
block or item or feature of a corresponding apparatus.

Depending on certain implementation requirements, embodiments of the invention can be
implemented in hardware or in software. The implementation can be performed using a
digital storage medium, for example a floppy disk, a DVD, a CD, a ROM, a PROM, an
EPROM, an EEPROM or a FLASH memory, having electronically readable control signals
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stored thereon, which cooperate (or are capable of cooperating) with a programmable
computer system such that the respective method is performed.

Some embodiments according to the invention comprise a data carrier having electronically
readable control signais, which are capabie of cooperating with a programmable computer
system, such that one of the methods described herein is performed.

Generally, embodiments of the present invention can be implemented as a computer
program product with a program code, the program code being operative for performing
one of the methods when the computer program product runs on a computer. The program

code can for example be stored on a machine readable carrier.

Other embodiments comprise the computer program for performing one of the methods

described herein, stored on a machine readable carrier.

In other words, an embodiment of the inventive method is, therefore, a computer program
having a program code for performing one of the methods described herein, when the
computer program runs on a computer.

A further embodiment of the inventive methods is, therefore, a data carrier (or a digital
storage medium, or a computer-readable medium) comprising, recorded thereon, the
computer program for performing one of the methods described herein. The data carrier,
the digital storage medium or the recorded medium are typically tangible and/or non-—
transitionary.

A further embodiment of the inventive method is, therefore, a data stream or a sequence of
signals representing the computer program for performing one of the methods described
herein. The data stream or the sequence of signals can for example be configured to be

transferred via a data communication connection, for example via the internet.

A further embodiment comprises a processing means, for example a computer, or a
programmable logic device, configured to or adapted to perform one of the methods
described herein.

A further embodiment comprises a computer having installed thereon the computer program
for performing one of the methods described herein.



10

15

20

27
WO 2022/017589 PCT/EP2020/070599

A further embodiment according to the invention comprises an apparatus or a system
configured to transfer (for example, electronically or optically) a computer program for
performing one of the methods described herein to a receiver. The receiver can, for
example, be a computer, a mobile device, a memory device or the like. The apparatus or
system can, for example, comprise a file server for transferring the computer program to
the receiver.

In some embodiments, a programmable logic device (for example a field programmable
gate array) can be used to perform some or all of the functionalities of the methods
described herein. In some embodiments, a field programmable gate array can cooperate
with a microprocessor in order to perform one of the methods described herein. Generally,
the methods are preferably performed by any hardware apparatus.

The apparatus described herein can be implemented using a hardware apparatus, or using

a computer, or using a combination of a hardware apparatus and a computer.

The apparatus described herein, or any components of the apparatus described herein, can

be implemented at least partially in hardware and/or in software.

The methods described herein can be performed using a hardware apparatus, or using a

computer, or using a combination of a hardware apparatus and a computer.
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Claims

1. An automated test equipment (110, 220) for testing one or more devices under
test (120, 282), ‘

wherein the automated test equipment is configured to generate one or more test
scenarios (140a-c, 262) comprising a plurality of test activities (150a-c, 212, 212a-
d);

wherein different test activities make use of subsets of the device under test
resources(130a-e, 214);

wherein the automated test equipment is configured to generate the plurality of
test scenarios
such that resources of the device under test associated with a plurality of
test activities of a test scenario do not conflict with each other.

2. The automated test equipment according to claim 1, wherein the plurality of test
activities of a given test scenario are configured to be executed concurrently.

3. The automated test equipment according to claim 1 or 2, wherein one or more
of the test activities are associated with one or more test parameters (216, 216a-e)
characterized by respective test parameter values and/or are associated with one
or more constraints (218).

4. The automated test equipment according to one of the previous claims, wherein
one or more of the test activities are characterized by one or more test parameter
values outside predefined limitations.

5. The automated test equipment according to one of the previous claims, wherein
the plurality of test activities of a test scenario are chosen randomly, under the
constraints that resources of the device under test associated with the plurality of
test activities of the test scenario do not conflict with each other.

6. The automated test equipment according to one of the previous claims, wherein
the automated test equipment comprises a constraint solver (250) for generating
test scenarios in order to prevent occurrences of conflicts between the resources
of the device under test.
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7. The automated test equipment according to one of the previous claims, wherein
one or more of the test activities comprise activating a stress generator arranged
on the device under test.

8. The automated test equipment according to one of the previous claims, wherein
the automated test equipment is configured to generate a test sequence of test
scenarios.

9. The automated test equipment according to claim 8, wherein the test sequence
comprises two or more test scenarios with the same test activities, wherein the
test scenarios differ by at least one test parameter value.

10. The automated test equipment according to claim 8 or 9, wherein the plurality
of test scenarios of the test sequence are chosen and/or ordered randomly.

11. The automated test equipment according to one of the claims 7 to 10, wherein
the automated test equipment is configured to generate the test sequence, such
that the test sequence is configured to be executed by a controller (270) in order to
collect test data.

12. The automated test equipment according to claim 11, wherein the controller is
an on-chip processor or a controller card configured to communicate with the
automated test equipment and with the device under test.

13. The automated test equipment according to claim 11 or 12, wherein the
controller comprises one or more interfaces configured to read out device under
test data and/or device under test sensor data.

14. The automated test equipment according to one of the claims 11 to 13,
wherein the controller comprises one or more sensors distributed over the device
under test area, such that the controller is configured to read out sensor test data
of the one or more sensors.

15. The automated test equipment according to one of the claims 11 to 14,
wherein the controller is configured to react in case of the collected test data (280)
fulfills a predetermined condition.
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16. The automated test equipment according to one of the claims 11 to 15,
wherein the controller is configured to communicate the collected test data to the
automated test equipment.

17. The automated test equipment according to one of the claims 11 to 16,
wherein the controller or the automated test equipment is configured to
dynamically create test parameter values based on the test activity constraints
and/or based on collected test data. B

18. The automated test equipment according to one of the claims 11 to 17,
wherein the controller or the automated test equipment is configured to analyze
the collected test data in order to optimize test sequences.

19. The automated test equipment according to one of the claims 11 to 18,
wherein the controller or the automated test equipment is configured to compare
results of system level tests within the predefined limitations with the collected test
data within and/or outside the predefined limitations in order to optimize test .
sequences.

20. The automated test equipment according to one of the claims 11 to 19,
wherein the automated test equipment comprises an artificial intelligence or a
machine learning unit,

wherein the controller or the automated test equipment is configured to train the
artificial intelligence or the machine learning unit with results of system level tests
and/or with the collected test data and/or with the comparison of the system level
tests and the collected test data in order to optimize test sequences.

21. The automated test equipment according to claim 20, wherein the trained
artificial intelligence or machine learning unit is configured to predict the resuits of
system level tests based on the collected test data.

22. The automated test equipment according to one of the claims 11 to 21,
wherein the controller or the automated test equipment is configured to analyze
the collected test data in order to obtain a test result.

23. The automated test equipment according to one of the claims 17 to 22,
wherein the trained artificial intelligence or machine learning unit is configured to
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analyze the collected test data in order to optimize test sequences and/or to obtain
test results.

24. A process for testing one or more devices under test by an automated test
equipment,

wherein the automated test equipment generates one or more test scenarios
comprising a plurality of test activities;

wherein different test activities make use of subsets of the device under test
resources;

wherein the automated test equipment generates the plurality of test scenarios
such that resources of the device under test associated with a plurality of
test activities of a test scenario do not conflict with each other.

25. A computer program for implementing the method of claim 24 when being
executed on a computer or signal processor.
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