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IDENTIFYING FAILURES IN DEVICE CORES

TECHNICAL FIELD
This specification describes example implementations of systems and processes
for identifying failures in device cores and for limiting storage of data from one or more

of the device cores following a predetermined number of failures.

BACKGROUND

A test system is configured to test the operation of an electronic device referred
to as a device under test (DUT). The test system may include test instruments to send
signals that include commands and data to the DUT for testing. The DUT responds with
measurement data. The test system expects the measurement data to have certain
values. If the measurement data has those values, the DUT passes testing. If the
measurement data does not have those values, then the DUT may fail testing.

A DUT may include more than one core. An example core may include a
processing unit within the DUT. The test system may receive measurement data from
multiple cores in the DUT and determine whether each core has passed or failed

testing.

SUMMARY

An example system is for testing a device under test (DUT) that includes a first
core and a second core. The system includes channels in parallel for connecting to a
number of pins on the DUT. The channels are for sending test data to the DUT and for
receiving measurement data from the DUT based on the test data. The measurement
data includes time-division-multiplexed (TDM) data comprised of successive data
packets received from the DUT over the channels as part of a bitstream. Each data
packet includes a first number of bits from the first core and a second number of bits
from the second core. The data packets are transmitted in time slots with each time slot
corresponding to a transmission of the bitstream on the number of pins in parallel. The

TDM data is repeated in a pattern on the channels every predetermined number of time
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slots. Circuitry associated with the channels is configured to compare the measurement
data with expected data, and to determine pass/fail status for the first core and for the
second core based on the comparison. The system may include one or more of the
following features, either alone or in combination.

The circuitry may be configured to determine fail counts for the first core and for
the second core based on the comparison, with a fail count indicating how many times
that the first core or the second core has failed a test. The circuitry may be configured
to limit storage of subsequently-received measurement data for the first core or for the
second core when the fail count exceeds a threshold number for the first core or the
second core. Limiting storage may include ignoring the subsequently-received
measurement data for the first core or the second core. Limiting storage may include
not storing, in memory, the subsequently-received measurement data for the first core
or the second core. Limiting storage may include limiting a number of fails in the first
core or the second core that affect how many cycles of the subsequently-received
measurement data are stored in memory for the first core or the second core. A cycle
may include a time slot and where a fail comprises a single failure of the test.

The circuitry may be configured to output the fail count. At least some cycles of
measurement data from the first core and the second core may be stored in a results
log in the memory. A cycle may include a time slot. The first number of bits and the
second number of bits may each be different, and cumulatively different from a number
of the pins such that parts of two different data packets are contained in at least some of
the time slots. The predetermined number of time slots may be greater than one time
slot. The circuitry many be configured to determine pass/fail status by accumulating
pass/fail data associated with a time slot in a current frame of data with prior pass/fail
data for time slots in prior frames of data. A frame of data may include the
predetermined number of time slots. The pass/fail data may be based on a cumulative
status for the first core and the second core over multiple repeated patterns of time
slots.

Determining the fail counts may include separately counting a number of times

that the first core or the second core failed the test. Counting may include incrementing

2



10

15

20

25

30

WO 2024/196686 PCT/US2024/019859

an address of memory based on a time slot. Counting may include incrementing an
address of a first memory based on a time slot, where that memory maps the time slot
to a core number, and where that core number addresses a second memory

The system may include memory. The circuitry may be configured to store, in
the memory, a fail count per core following a predetermined number of cycles of the
measurement data.

An example system is for testing a DUT that includes a first core and a second
core. The system includes channels in parallel for connecting to a number of pins on
the DUT. The channels are for sending test data to the DUT and for receiving
measurement data from the DUT based on the test data. The measurement data
includes TDM data comprised of successive data packets received from the DUT over
the channels as part of a bitstream. Each data packet includes a first number of bits
from the first core and a second number of bits from the second core. The data packets
are transmitted in time slots with each time slot corresponding to transmission of the
bitstream on the number of pins in parallel. The TDM data is repeated in a pattern on
the channels every predetermined number of time slots. Circuitry associated with the
channels tis configured to compare the measurement data with expected data, and to
determine fail counts per time slot based on the comparison. A fail count indicates how
many times that the first core or the second core has failed a test. The system may
include one or more of the following features, either alone or in combination.

The circuitry may be configured to compare the measurement data with expected
data by aggregating pass/fail data associated with a time slot in a current frame of data
with prior pass/fail data for time slots in prior frames of data. A frame of data may
include the predetermined number of time slots. The pass/fail data may be based on a
cumulative status per time slot. The circuitry may be configured to limit storage of
subsequently-received measurement data for the first core or for the second core when
the fail count exceeds a threshold number. Limiting storage may include ignoring the
subsequently-received measurement data for the first core or the second core. Limiting
storage may include not storing the subsequently-received measurement data for the

first core or the second core.
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An example system is for testing a DUT that includes a first core and a second
core. The system includes channels in parallel for connecting to a number of pins on
the DUT. The channels are for sending test data to the DUT and for receiving
measurement data from the DUT based on the test data. The measurement data
includes TDM data comprised of successive data packets received from the DUT over
the channels as part of a bitstream. Each data packet includes a first number of bits
from the first core and a second number of bits from the second core. The data packets
are transmitted in time slots with each time slot corresponding to a transmission of the
bitstream on the number of pins in parallel. The TDM data is repeated in a pattern on
the channels every predetermined number of time slots. Circuitry is associated with the
channels to mask data from the first core or the second core based on user input.
Masking includes ignoring or not storing the data from the first core or the second core
iNn memory.

Any two or more of the features described in this specification, including in this
summary section, may be combined to form implementations not specifically described
in this specification.

At least part of the devices, systems, and processes described in this
specification may be configured or controlled by executing, on one or more processing
devices, instructions that are stored on one or more non-transitory machine-readable
storage media. Examples of non-transitory machine-readable storage media include
read-only memory, an optical disk drive, memory disk drive, and random access
memory. At least part of the devices, systems, and processes described in this
specification may be configured or controlled using a computing system comprised of
one or more processing devices and memory storing instructions that are executable by
the one or more processing devices to perform various control operations. The devices,
systems, and processes described in this specification may be configured, for example,
through design, construction, compaosition, arrangement, placement, programming,

operation, activation, deactivation, and/or control.
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The details of one or more implementations are set forth in the accompanying
drawings and the following description. Other features and advantages will be apparent

from the description and drawings, and from the claims.

DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing components of an example device under test
(DUT) and components of an example test system on which the example processes
described herein may be performed.

Fig. 2 is an example table showing how time-division-multiplexed measurement
data is transmitted over multiple pins and stored.

Fig. 3 is an example version of the table of Fig. 2 showing actual data values.

Fig. 4 is an example table showing expected measurement data associated with
fail data.

Fig. 5 is an example table showing masking / not storing data by pin.

Fig. 6 is a flowchart showing an example process for not storing measurement
data based on a DUT core that transmitted the measurement data.

Fig. 7 includes example two tables showing cumulative fail counts for a first core
of a DUT and for a second core of the DUT.

Fig. 8 is an example table showing masking / not storing data by core.

Fig. 9 shows example circuitry for determining whether a core has failed in any
time slot and for determining a fail count for the core.

Fig. 10 is a block diagram showing components of an example test system on
which the example processes described herein may be performed.

Like reference numerals in different figures indicate like elements.

DETAILED DESCRIPTION

Described herein are example implementations of a test system configured to
test devices having multiple cores. An example core includes a processing unit, such
as the core of a microprocessor, that is configured to read and to execute computer

program instructions. Multiple cores may execute computer program instructions
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concurrently and independently. A device under test (DUT) may include multiple cores
that output time-division-multiplexed (TDM) data. The TDM data includes measurement
data that is based on tests performed on the cores during testing. For example, the test
system may send test data to cores of the DUT and receive TDM data back from the
cores of the DUT that is based on the DUT’s response to the test data. The TDM data
may be comprised of bits output over multiple test channels, with ones or zeros
representing measurements based on tests performed on the DUT. This TDM is
analyzed by the test system to identify failures in the cores.

The TDM data is stored in a capture memory on, or associated with, the test
system. The capture memory has limited capacity. The example processes described
herein may identify cores having more than a predetermined number of failures. Once
those cores have been identified, the processes deem the cores to have failed testing.
Therefore, the processes may reduce storage of TDM data from the failed cores in the
capture memory. This enables the capture memory to store more TDM data for cores
that have not failed. Alternatively, the reduced need for storage may enable the test
system to use a capture memory that is smaller in size than in prior art systems.

Fig. 1 is a block diagram showing an example DUT 10 having two cores 12, 13
and a test system 15 configured to test DUT 10. DUT 10 may be any type of electronic
device, such as a microprocessor, microcontroller, or the like. Although two cores are
shown in Fig. 1, a DUT may include more than two cores. Test system 15 interfaces to
DUT 10 through sets of four input pins 16 and four output pins 17 corresponding,
respectively, to four input channels and four output channels. Other DUTs may have
fewer than, or greater than, four input pins and four output pins. Input pins 16 provide
test data 20 from test system 15 to DUT 10 and output pins 17 provide measurement
data 21 from DUT 10 to test system 15. In this example, a communication bus 22 runs
from input pins 16 to output pins 17 in DUT 10, passing by each core 12, 13. As data is
streamed on bus 22, each core 12, 13 may receive test data 20 from bus 22 and place
measurement data 21 back onto bus 22.

Data is delivered to, and received from, DUT 10 based on clock cycles. To this

end, test system 15 may include one or more clock circuits 23 to control clocking. Test
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system 15 may provide test data to DUT 10 as a digital pattern burst. The digital
pattern burst may be measured in continuously incrementing clock cycles.

Test system 15 may test cores 12, 13 in parallel. In general, during testing of a
DUT, test system 15 sends test data to the DUT in N-bit (N>2) packets with a first set of
the N bits of each packet being associated with a first core, the next set of the N bits
being associated with a second core, and so forth. Test system 15 may receive the
measurement data from DUT 10 according to the same timing and configuration that the
test data is transmitted to DUT 10. For example, during testing of a DUT, the DUT
sends measurement data to the test system in N-bit packets with a same timing as the
test data and with a first set of the N bits of each packet being associated with a first
core, the next set of the N bits being associated with a second core, and so forth.

Fig. 2 shows an example of how measurement data 21 is received at test system
15 from DUT 10 for five-bit packets and the four pins described with respect to Fig. 1.
Measurement data 21 for different pin and packet configurations will be different from
that shown in Fig. 2. As shown Fig. 2, at each clock cycle 24, one bit of data from either
core A 12 or core B 13 is transferred from DUT 10 to test system 15 on each output pin.

As noted, in the example of Figs. 1 and 2, during testing of DUT 10, DUT 10
sends measurement data to test system 15 in five-bit packets with the first three bits of
each packet associated with core A 12 and the last two bits associated with core B 13.
In this example, the five bits are annotated A0, A1, A2, B1, and B2, with “A” referring to
bits received from core A 12 and “B” referring to bits received from core B 13. Each bit
is further annotated with an index to indicate its packet number, so B1[8] indicates that it
is the last bit of packet number 8 (the index), which is associated with core B.

In Fig. 2, bits associated with core A 12 are shaded in green represented as
horizontal lines and bits associated with core B 13 are shaded in blue represented as
vertical lines. With four pins, only four 25 of a data packet'’s five bits can be transferred
on first clock cycle 24. The last bit 26 in the data packet, along with three bits of a
second data packet, are transferred in the next clock cycle 28. The second packet’s
remaining two bits are transferred on the third cycle, and so forth. In Fig. 2, the

beginning of each data packet has a horizontal bar above the first bit, such as bar 29.
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In this example, after five clock cycles 30, the first bit 32 (in this example, A0) of a
packet is again transferred on first pin (Pin1). This occurs every time after each five
clock cycles for this particular data packet and pin configuration.

This five-cycle period is called a frame 31. Each cycle within the frame is called
a time slot 33. A time slot and a cycle include the same data, but a time slot is counted
within a frame and its count restarts in each new frame, whereas a cycle is counted
upwards starting from zero with no renumbering. In this regard, the clock cycles, data
frames, and time slots are numbered to show how data is transferred over time. Data
packets having different numbers of bits may have different sized frames.

Referring back to Fig. 1, test system 15 includes a time slot counter circuit 36
that is configured to count clock cycles of clock circuit(s) 23 when data is output and
received. Time slot counter circuit 36 restarts its count each time the time slot counter
has counted a number of cycles in a frame. In this way, the time slot counter circuit 36
maintains a time slot index for the measurement data. The time slot counter circuit 36
may be configured to specify clock cycles on which the time slot counter will start and
restart. So, when constructing a test pattern with which to test a DUT, a test engineer
can indicate the cycles on which the time slot counter will start and restart. Example
implementations can instantiate a single shared time slot counter or multiple time slot
counters for given test data, such as a digital pattern burst.

Because there is a discrepancy between the number of pins and the number of
bits per packet, each pin 17 does not transfer data in the order in which the bits occur
within a packet. So, in the example shown in Fig. 2, Pin1, for example, transfers bits in
the order AQ, B1, BO, A2, and A1. Pin2, for example, transfers bits in the order A1, AQ,
B1, BO, and AZ; and so forth.

Fig. 3 shows example measurement data 38 (actual ones and zeros) received at
test system 15 from the DUT cores A 12 and B 13 for the four pins and five-bit packets
described with respect to Figs. 1 and 2. In Fig. 3, allocations of cycles, frames, and
time slots to the two cores is the same in Fig. 2.

Fig. 4 shows data 40 that is expected to be received at test system 15 from the

DUT cores A 12 and B 13 for the four pins and five-bit packets described with respect to
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Figs. 1 to 3, where “H” refers to “high” or “1” and L refers to “low” or “0”. The expected
data is predetermined. For example, the expected data may be the data that a DUT
should provide in the event that there are no errors in the DUT’s cores, including
hardware and/or software in the cores. Test system 15 includes a capture memory 29
or has access to external memory for storing received measurement data. Test system
15 also may contain on-board memory 42 or have access to external memory for
storing the expected data. In this regard, the expected data may be received from the
DUT manufacturer and preprogrammed into the test system.

In some cases, the measurement data and expected data do not match
indicating failures or “fails” in the cores A 12 and/or B 13 of DUT 10. Two example fails
are labeled 49 and 51 in Fig. 4. For example, the measurement data 48 received from
the DUT in time slot 3, frame 1 is “0” (low) in Fig. 3 and the expected data 49 in Fig. 4
for that frame and time slot is “H”. In another example, the measurement data 50
received from the DUT in time slot 1, frame 1 is “1” (high) in Fig. 3 and the expected
data 51 in Fig. 4 for that frame and time slot is “L”. Such discrepancies between
received and expected data indicate fails. The fails are shown in red represented as
bold type.

Test system 15 may store fail data — that is, data for a failed transmissions such
as 48 and 50 in Fig. 2 — in capture memory 39 for subsequent failure diagnosis.
Capture memory 39 is a limited resource, so not every failing cycle can be captured.
Heretofore, the test system limited storage of the measurement data in the capture
memory to a predetermined number of cycles captured by any one pin. The diagram of
Fig. 5 shows prior art storage in the capture memory of data cycles containing fails.

In the prior art example of Fig. 5, the capture memory is limited to storing five
failures per pin 47 irrespective of which core the failure(s) occurred in. Accordingly,
Pin3 has reached its maximum storage of five failures 53 to 57 in the capture memory,
whereas the other pins have not. As a result, the failures 59 and 60 that occur on Pin3
in cycles 11 and 18 (see Fig. 4) are not stored in the capture memory. The failure 61
that occurs on Pin4 in cycle 13 is stored, because that pin’s fail count is only two during

that cycle (with the other failure for Pind being in frame 1, time slot 3 62).
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Limiting storage by a pin’s cumulative fail count ensures that no pin’s data
consumes all of the capture memory, but since a pin’'s data will be associated with
multiple cores, this prior art storage scheme can hide failures on a particular core. For
example, the failure 60 that occurs on Pin3 in cycle 18 (Fig. 4) is the only failure
associated with core B in this example, yet no record of that failure is stored in the
capture memory according to the prior art storage scheme of Fig. 5.

The processes described herein, including process 65 and variants thereof,
maintain a record of fails on a per-core basis. By maintaining a record of fails on a per-
core basis, the processes are able to limit (e.g., to eliminate) storage of measurement
data for a core once a core has been deemed to have failed, thereby increasing
memory storage capacity for data for other cores that have not been deemed to have
failed. Example process 65 may be performed on a test system, such as those
described herein or others not specifically described herein.

Referring to Fig. 6, example process 65 includes receiving (65a) measurement
data, e.g., TDM data, from multiple — for example, two or more — cores of a DUT.
Process 65 may execute once per cycle.

The measurement data is received at the test system from the DUT over multiple
channels. The multiple channels may be multiple pins such as pins 17 of Fig. 1, where
each pin corresponds to a channel. The measurement data includes successive data
packets that are part of a bitstream. In this example, the measurement data includes a
first number of bits from a one core, such as core A 12, and a second number of bits
from a second core, such as core B 13; however, the measurement data may contain
data from three, four, five, or more cores transmitted in the manner described herein.
The measurement data is transmitted in time slots as shown in Fig. 2, with each time
slot corresponding to transmission of bits of the bitstream on pins in parallel. The
measurement data format (not necessarily the actual data — ones and zeros - itself) is
repeated in a same pattern on the channels every frame. For example, as shown in
Fig. 2, in frame O time slot 0, AQ(0) is transmitted at Pin1, A1(0) is transmitted at Pin1,

A2(0) is transmitted at Pin3, and BO(0) is transmitted at Pin1. Likewise, in frame 1 time
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slot 0, AO(4) is transmitted at Pin1, A1(4) is transmitted at Pin1, A2(4) is transmitted at
Pin3, and BO(4) is transmitted at Pin1, and so forth.

Process 65 compares (65b) the received measurement data to corresponding
expected data to determine pass/fail information for first core A 12 and for second core
B 13. Thatis, a comparison of the expected data to the received measurement data
identifies bits in the measurement data corresponding to fails in cores of the DUT.
Examples of such fails are described with respect to Fig. 4 above. The fails may be
stored in a table or other data structure in capture memory 39 (or memory 42) on the
test system.

Process 65 determines (65c¢) a fail count per core — in this example, cores A 12
and B 13 — and stores the fail count per core in a table or other data structure in
memory on the test system. This may be done by identifying and counting a number of
times that bits for a core indicate a failure on each pin. For example, if a fail is identified
a count associated with a current cycle for a core is incremented The fail count for a
core thus indicates how many times that the core has failed tests conducted by the test
system.

Fig. 7 shows per-core cumulative fail counts 68a per pin for core A 12 and per-
core cumulative fail counts 68b for core B 13. This information may be accumulated
based on the foregoing comparisons (65b) and stored, for example, in a table or other
data structure in a capture memory 39 (or memory 42) on the test system.

Process 65 compares (65d) the fail count on each pin for each core to a
predetermined threshold for the respective core. The threshold for each core may be
set based on what the DUT manufacturer or test system operator considers to be an
acceptable number of failures for each core. Different cores may have the same
predetermined threshold or different predetermined thresholds. The predetermined
threshold may be stored in memory 42 on the test system and retrieved by process 65
to perform the comparison.

If the fail count is determined (65d) to be less than the predetermined threshold,

then the measurement data is stored (65f) in the capture memory. If the fail count is
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determined (65e) to be greater than the predetermined threshold, the measurement
data is not stored (65g) in the capture memory.

In some implementations, a user may specify that a core's fails should be
masked. In such implementations, the measurement and expected data need not be
compared and the cycle is always considered to have passed. The fail count need not
be incremented so a predetermined threshold need not be required to enable this
masking. This can be useful when a core is known to cause a large number of failures
and it is desired that none of these be recorded. In some implementations, masking
includes ignoring all subsequently-received measurement data for a core. The data is
subsequently received in the sense that data that is received after the user specifies
that the core’s fails should be masked is not stored.

In this regard, a software routine or circuitry may provide a way to indicate that
one or more cores should not participate in failure detection during a pattern burst. The
pattern itself need not modified in order to implement the masking. For each channel, at
each time slot index, the routine or circuitry indicates whether any failures detected on
that channel will be masked. By indicating that all the time slots associated with a given
core of a DUT across all channels will be masked, a test engineer can prevent failures
from that region from influencing the failure results. If a test program has already
determined that one or more redundant DUT cores fail, the masking can remove those
DUT cores from further testing. Masking all the time slots associated with all cores
except for one will limit failures to that one DUT core, enabling diagnosis of failures if
some of the features described below are not available.

The repeating frame patterns noted above facilitate masking subsequently-
received measurement data. Knowing where data occurs for core A and where data
occurs for core B enables masking that data. For example, referring to Fig. 2, if data for
core A is to be masked after frame “0” 31, the circuitry knows the pattern for core A in
frame “1” 70, in frame “2” 71 and so forth because that pattern repeats. Therefore, the
data for those subsequent frames can be masked simply by identifying time slots where
data for those frames are located based on pattern repetition, thereby reducing the

amount of data stored in the capture memory.
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In some implementations, process 65 may be configured to generate a value
indicating whether data for a time slot associated with a channel is not to be stored
based on fail count for a core, such as core A 12 or core B 13. Data may be stored or
not stored based on that value. In this regard, some time slots may have only some of
their not data stored in memory. For example, referring to Fig. 2, if time slot 3 of frame
3 is subjected to masking, and core A 12 has exceeded its predetermined number of
fails but core B 13 has not exceeded its predetermined number of fails, only bits 74 and
75 for core A 12 in that cycle are not stored in the capture memory.

Fig. 8 shows how data storage in the capture memory is limited based on fail
count per-core. In Fig. 8, cycles shown with H or L are stored in the capture memory.
Referring also to Fig. 7, in cycle 18, Pin3’s fail count 77 (Fig. 7) for core B is one,
whereas in cycle 11, Pin3’s fail count 79 (Fig. 7) for core A is six. In the example of Fig.
8, the core A failure on Pin3, cycle “11 79 is not stored in the capture memory because
core A’s fail count of six has exceeded its predetermined failure threshold of five. But,
the failure on Pin3, cycle “18“ 77 is stored in capture memory because it is associated
with core B, which has not exceeded its failure threshold of five.

Process 65 may be implemented using a test system containing one or more
processing devices and/or containing solid state circuitry. Example solid state circuitry
80 that may be used to perform at least part of process 65 is shown in Fig. 9.

Circuitry 81 also includes two select values (“selects”) 86, 87 that may be set to
configure the circuit’s functionality. The two selects 86, 87 are configurable to
determine whether circuitry 140 is “by time slot” or “by core”. That is, the selects 86, 87
configure circuitry 140 to update when a core associated with a current cycle has failed
on a given cycle or when a time slot associated with a current cycle has failed on a
given cycle. Circuitry 140 may be instantiated once per test channel, with the remaining
circuitry of Fig. 9 common to all test channels.

Circuitry 80 includes a cycle counter 81 that receives clock cycles, such as cycle
24 of Fig 2, and that increments by one on every clock cycle to produce a current cycle
count. Circuitry 80 stores a preprogrammed, constant frame length 82, which may be

stored in memory or a register (not shown). Frame length 82 may be the number of
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time slots in a frame, such as 30 of Fig. 2. The cycle count and frame length are
combined by logic 127 to generate a modulo time slot value 84. The modulo time slot
value indicates a current time slot of received measurement data.

Memory 105 stores data that maps time slots to cores. The modulo time slot
value 84 is usable to identify a core 129 in a look-up table in memory 105 that maps to
the current time slot. Multiplexer 90 selects an index value 89 that corresponds to the
identity of a time slot (modulo 84) or the identity of a core (from memory 105) based on
select 86. That is, if select 86 indicates by time slot’, the identity of the time slot is used
and if select 86 indicates “by core”, the identity of the core is used. On each clock
cycle, index value 89, which corresponds to a current time slot or core, may or may not
change, based on selector 90 and lookup table 105.

Memory 91 stores a look-up table or other data structure containing pass/fail
values indicating whether at least one bit corresponding to the current time slot or the
current core has passed or failed (that is, whether a bit matches expected data). More
specifically, this data is based on prior measurements for the time slot or core from past
frames of data. For example, the data may be an accumulation of prior measurements
for the time slot or core based on past frames of data, as described below.

Circuitry 80 also includes a comparing circuit 93, such as one or more
comparators, and a logic element 94, such as an OR gate. On each clock cycle,
circuitry 80 indexes memory 91 based on index value 89 to obtain the indexed value
100 from memory for the current time slot or core. That is, a prior measurement for
current the time slot or core based on past frames is obtained.

Also in each clock cycle, comparing circuity 93 compares measurement data 95
in the current time slot and frame to expected data 96 for that same time slot and frame
to determine whether the measurement data passed or failed on that clock cycle.

The comparison result 99 is combined with — for example logically OR’d with —
with the prior indexed value 100 from memory 91 and the result 101 is stored back in
memory 91 as an updated (e.g., accumulated) value that represents whether the core or
a time slot associated with the current cycle has failed on any prior cycle associated

with the core or that time slot (e.g., in prior frames) That is, during each pattern cycle, a
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fail result that has been determined is OR’'d with the content of the memory at the
current time slot or core location based on the index. The memory content thus reflects
the accumulated fail status of all previous cycles for that time slot.

In some examples, memory 91 may have a size / capacity that is as deep as the
maximum allowed number of time slots and as wide as the number of fail statuses
collected in a single pattern cycle.

Circuitry 80 outputs a Boolean status 103 indicating a cumulative pass/fail value
for the core or time slot. The cumulative pass/value keeps track of whether the timeslot
or core has ever failed. The fail count keeps track of how many times the timeslot or
core failed. Where time slots are tracked, this information may be processed after the
pattern burst to determine which regions — for example, which cores — of the DUT have
failed. That is, if failures are stored per time slot, knowing the repeated pattern of the
frames, the test system can identify which cores of the DUT have failed based on
failures in the time slots.

Circuitry 80 also includes logic 104 and memory 126 storing “fail counts”
indicating the number of fails for a current time slot or core. The fail count indicates a
number of failures that have occurred for a given time slot or core. On each cycle, an
output 107 of memory 126 reflects the number of times that a time slot or core
associated with the current cycle has failed. Logic 104 is configured to use the pass/fail
comparison result 99 to determine if the value 108 with which the memory 126 will be
updated will be equal to the memory's current value 125 (e.g., if there has not been
another fail on the time slot or core) or if that value 125 is to be incremented by one
(e.g. if there has been a fail on the time slot or core). If logic 104 determines that the
current cycle has failed based on comparison result 99, logic 104 increments the current
value 125 by one and outputs the resulting increment value 108 to memory 126.
Otherwise, logic outputs the current value 125 to memory 126. This fail count per time
slot or core can be used as described herein for limiting the number of cycles that are

stored in a capture memory by core or by time slot.
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Memory 126 may be indexed by “by time slot” or “by core” based on select 87
and based on the modulo time slot value 85 and core identity 129 using a multiplexer
130 in the same manner as described above with respect to multiplexer 90.

Fig. 10 is a block diagram showing components of example ATE 110 that
includes a testing device / apparatus (referred to also as a “tester”) 110 and a control
system 113. ATE 110 may be an implementation of test system 15 of Fig. 1.

ATE 110 includes a test head 115 and a device interface board (DIB) 116
connected physically and electrically to test head 115. In this example, DIB 116
includes a circuit board that includes mechanical and electrical interfaces at sites 118.
One or more DUTs 120, such as DUT 10 (Fig. 1), connect to each of those sites for
testing by the ATE. DIB 116 may include, among other things, connectors, conductive
traces, conductive layers, and circuitry for routing signals between test instruments in
the test head 115, DUTs connected to DIB sites, and other circuitry in the ATE. Power,
including voltage, may be run via one or more layers in the DIB to DUTs connected to
the DIB.

Test head 115 includes multiple test instruments 121a to 121n, each of which
may be configured, as appropriate, to implement testing and/or other functions.
Although only four test instruments are shown, ATE 110 may include any appropriate
number of test instruments, including one or more residing outside of test head 15. The
test instruments may be hardware devices that may include one or more processing
devices and/or other circuitry. The test instruments may be configured — for example,
programmed — to output commands to test DUTs held on the DIB. The commands to
test the DUTs may be or include instructions, signals, data, parameters, variables, test
patterns, and/or any other information designed to elicit response(s) from the DUT.

In some implementations, commands to test a DUT may be generated by
executing or interpreting, on ATE 110, test program(s) received by ATE 110 from an
external system. In an example, a test program may be or include a set of commands
that are executed or interpreted by ATE 110 to produce commands that the ATE uses to
test the DUT.
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One or more — for example, all of — the test instruments may be configured to
receive, from the DUT, responses to the commands sent from the ATE to the DUT. The
responses include the measurement data described herein. The test instruments may
be configured with one or more processing devices and/or the circuitry of Figs. 1 and 9
132 to analyze the response signals to determine whether DUT cores have passed or
failed testing and to store the data in capture memory 130 or memory 131 in
accordance with process 65, and/or to send the response signals to control system 113
for analysis in accordance with process 65.

Test channels 123, including pins 16 and 17, are configured between the test
head and the DIB to enable communication between the DUTs and the test instruments.

Control system 113 is configured to — e.g., programmed to — communicate with
test instruments 121a to 121n to direct and/or to control testing of the DUTs. In some
implementations, this communication 129 may be over a computer network or via a
direct connection such as a computer bus or an optical medium. In some
implementations, the computer network may be or include a local area network (LAN) or
a wide area network (WAN). The control system may be or include a computing system
comprised of one or more processing devices 124 (e.g., microprocessor(s)) and
memory 125 for storage. Control system 113 may be configured to provide test
programs and/or commands to test instruments 121a to 121nin the test head, which the
test instrument(s) use to test the DUT. Control system 113 may also be configured to
receive DUT response signals (e.g., measurement data) from the test instrument(s) and
to determine whether DUT cores have passed or failed testing and to store the data in
capture memory 151 or memory 152 in accordance with process 65.

All or part of the test systems and processes described in this specification and
their various modifications may be configured or controlled at least in part by one or
more computers such as control system 113 using one or more computer programs
tangibly embodied in one or more information carriers, such as in one or more non-
transitory machine-readable storage media. A computer program can be written in any
form of programming language, including compiled or interpreted languages, and it can

be deployed in any form, including as a stand-alone program or as a module, part,
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subroutine, or other unit suitable for use in a computing environment. A computer
program can be deployed to be executed on one computer or on multiple computers at
one site or distributed across multiple sites and interconnected by a network.

Actions associated with configuring or controlling the test system and processes
described herein can be performed by one or more programmable processors executing
one or more computer programs to control or to perform all or some of the operations
described herein. All or part of the test systems and processes can be configured or
controlled by special purpose logic circuitry, such as, an FPGA (field programmable gate
array) and/or an ASIC (application-specific integrated circuit) or embedded
microprocessor(s) localized to the instrument hardware.

Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more
processors of any kind of digital computer. Generally, a processor will receive
instructions and data from a read-only storage area or a random access storage area or
both. Elements of a computer include one or more processors for executing instructions
and one or more storage area devices for storing instructions and data. Generally, a
computer will also include, or be operatively coupled to receive data from, or transfer
data to, or both, one or more machine-readable storage media, such as mass storage
devices for storing data, such as magnetic, magneto-optical disks, or optical disks.
Non-transitory machine-readable storage media suitable for embodying computer
program instructions and data include all forms of non-volatile storage area, including by
way of example, semiconductor storage area devices, such as EPROM (erasable
programmable read-only memory), EEPROM (electrically erasable programmable read-
only memory), and flash storage area devices; magnetic disks, such as internal hard
disks or removable disks; magneto-optical disks; and CD-ROM (compact disc read-only
memory) and DVD-ROM (digital versatile disc read-only memory).

Elements of different implementations described may be combined to form other
implementations not specifically set forth previously. Elements may be left out of the
systems described previously without adversely affecting their operation or the

operation of the system in general. Furthermore, various separate elements may be
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combined into one or more individual elements to perform the functions described in this
specification.

Other implementations not specifically described in this specification are also
within the scope of the following claims.

What is claimed is:
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1. A system for testing a device under test (DUT), the DUT comprising a first
core and a second corg, the system comprising:

channels in parailel for connecting to a number of pins on the DUT, the channels
for sending test data to the DUT and for receiving measurement data from the DUT
based on the fesi data;

wherein the measurament data comprises time-division-multiplexed (TDM) data
comprised of successive data packets received from the DUT over the channels as part
of a bitstream, where each data packst comprises a first number of bits from the first
core and a second number of bits from the second core, whers the data packets are
fransmitted in time slots with each time slot corresponding to a transmission of the
bitstream on the number of pins in paraliel, and where the TDM data is repeated ina
pattern on the channels every predetermined number of time slots; and

circuitry associated with the channels to compare the measurement data with
gxpected datg, and to datermine passifail status for the first core and for the second

cora based on the comparisorn.

2. The system of claim 1, wherein the circuiiry is configured {o determine fail
counts for the first core and for the second core based on the comparison, with a fail

count indicating how many times that the first core or the second core has failed a test.

3. The system of claim 2, wharein the circuitry is configured to limit storage of
subsequantly-recaived measurement data for the first core or for the second core when

the fail count exceeds a threshold number for the first core or the second core.
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4. The system of claim 3, wherein Iimiting storage comprises ignoring the

subsequently-received measurement data for the first core or the second core.

5. The system of claim 3, wherein limiting storage comprises not storing, in
memory, the subsequently-received measurement data for the first core or the second

COre.

8. The system of claim 3, wherein limiting storage comprises limiting a number
of fails in the first core or the second core that affect how many cycles of the
subseguently-received measurement data are stored in memory for the first core or the
sacond core, whera 3 cycle comprises a time slot and where a fall comprises a single

failure of the test.

7. The method of claim 3, wherein the circuitry is configured to output the fail

count

8. The system of claim 1, further comprising memory;
wherein at least scme cycles of measurement data from the first core and the
second core are stored in a resulls log in the memory, where a cycle comprises atime

slot.

2. The system of claim 1, wharein the first number of bits and the second
number of bits are each different, and cumulatively different from a number of the pins
such that parts of two different data packets are comained in at least some of the time

slots.

10. The system of claim 1, whergin the predetermined number of time siots is

greater than one time siot.

11 The system of claim 1, wherein the circuitry is configured to determine
passifail status by accumulating passfiail data associated with a time slot in a current
21
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frame of daia with prior pass/fail data for time slots in prior frames of data, where a

frame of data comprises the predetermined number of time siots.

12. The system of claim 11, wharein the passffail data is based on a cumulative
status for the first core and the second core over multiple repeated patterns of time

slots.

13. The system of claim 2, wherein determining the fail counts comprises
separately counting a number of times that the first core or the second core failed the

test.

14. The method of claim 13, wherein counting comprises incrementing an

addrass of memory based on a time siol.

15, Tha method of claim 13, wherein counting comprises incrementing an
address of g first memory based on a time slot, where that memory maps the time slot

1o a core numbar, and where that core number addressas a second memory

18. The system of claim 1, further comprising memory,
wherein the circuitry is configured to store, in the memary, a fall count per core

following a predetermined number of cycles of the measurement data.

17. A system for testing a device under test (DUT), the DUT comprising a first
core and a second corg, the system comprising:

channels in parailel for connacting to a number of pins on the DUT, the channels
for sending test data to the DUT and for receiving measurement data from the DUT
based on the test data;

wherein the measurement data comprises time-division-multiplexad (TDM) data
comprised of successive data packets receivad from the BUT over the channels as part
of a bitstream, where each data packet comprises a first number of bits from the first

core and a second number of bits from the second core, where the data packets are
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transmittad in time siots with each time slot corresponding o transmission of the
bitstream on the number of pins in parallel, and where the TDM data is repested in a
pattern on the channels every predetermined number of time siots; and

circuitry asscciated with the channels to compare the measurement data with
expected data, and to determine fail counts per time siot based on the comparison, with
a fail count indicating how many times that the first core or the second core has failed a

fest.

18 Tha system of claim 17, wherein the circuttry is configured to compare the
measurement data with expected data by aggregating pass/fail data associated with a
time slot in a current frame of data with prior passiail data for time siots in prior frames

of data, where a frame of data comprises the predetermined number of time slots.

18. The system of claim 18, wherein the pass/fail data is based on a cumulative

status per time slot.
20. The system of claim 17, wherein the circuitry is configured to limit storage of

subsequently-received measurement data for the first core or for the second core when

the fail count exceeds a threshold numbaer.
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21, The system of claim 20, wherein limiting storage comprises ignoring the

subsequently-received measurement data for the first core or the second core.

22. The systemn of claim 20, wharein limiting storage comprises not storing the

subseguently-received measurement data for the first core or the second core.

23. A system for testing a device under test (DUT), the BUT comprising a first
core and a second core, the system comprising:

channels in parallel for connecting to a number of pins on the DUT, the channels
for sending test data to the DUT and for receiving measurement data from the DUT
based on the tast data;

wherein the measurement data comprises time-division-muliiplexed {TDM) data
comprised of successive data packets received from the DUT over the channels as part
of a bilstream, where gach data packet comprises a first number of bits from the first
cora and a second number of bits from the second core, where the data packets are
transmitied in time slots with each time slot corresponding t© a transmission of the
bitstream on the number of pins in parallel, and where the TDM data is repeated in a
pattern on the channels every predetermined number of time slots; and

circuitry associated with the channels to mask data from the first core or the
second core based on user input, where masking comprisas ignoring or not storing the

data from the first core or the second core in memory.
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