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SYSTEMS AND METHODS OF TESTING MULTIPLE DIES
BACKGROUND
[0001] Automated test equipment (ATE) includes multiple resources (e.g., analog resources and
digital resources for test and measurement) that are applied to a device under test (DUT), such as a
die or dies on a semiconductor wafer. The resources are applied through an interface including one
or more probe heads, where each probe head includes multiple probe tips to provide an electrical
contact to landing pads on the DUT.
[0002] Conventional multi-site testing throughput is limited because a total set of one type of
ATE resources may be limited to N, where M resources of that type are required to test a die,
resulting in the maximum number of dies that may be tested in parallel during each touch-down of
the wafer probe being N/M. Further, N/M is an ideal maximum multi-site capability. In practice,
the probe card that controls routing to the various probe heads and tips may further constrain the
routing density and reduce the amount of possible connections between ATE resources and
multiple dies, thereby reducing the attainable multi-site factor.
[0003] In addition to the limitations imposed on the multi-site factor by physical constraints,
such as available ATE resources and the design of the probe card, heads, and tips, conventional
ATE testing is performed by mapping resources from the ATE onto individual dies on a wafer (or
individual packaged parts in final test, where the dies/packaged parts are similarly referred to as
DUTs), where all DUTs are tested identically.
[0004] Accordingly, a given test executes on all N/M DUTs where, as above, N/M is the multi-
site factor (assuming no additional probe card routing constraints). However, the ATE does not
necessarily include an equal number of each type of resource. As a result, the multi-site factor is
determined by the resource that is least available from the ATE (i.e., the maximum count of the
most constrained resource). Examples of such resource limitations include number of analog
channels, number of data logging channels, number of high speed interface channels, and number
of clock channels. Although higher parallelism is available for ATE resources greater in number,
overall test throughput is impeded by the ATE resources that are lower in number, which results in

a longer testing time.



WO 2017/096038 PCT/US2016/064412

SUMMARY

[0005] In described examples of a method of testing a semiconductor wafer including a scribe
line and multiple dies, the method includes implementing a first landing pad on the scribe line, and
implementing a first interconnect on the scribe line and between the first landing pad and a first
cluster of the plurality of dies, thereby coupling the first landing pad to the first cluster of dies. The
method further includes performing the testing of the first cluster of dies using automated test
equipment (ATE) coupled to a probe tip by contacting the first landing pad with the probe tip and
applying an ATE resource to the first cluster of dies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 shows a schematic of die clusters on a wafer in accordance with example
embodiments.

[0007] FIGS. 2a-2b shows a schematic of landing pads implemented in a scribe line on a wafer
in accordance with example embodiments.

[0008] FIG. 3 shows an example probe head configuration in accordance with example
embodiments.

[0009] FIGS. 4a-4c show example switch configurations for connecting to or isolating dies on a
wafer in accordance with example embodiments.

[0010] FIG. 5 shows example test flows in accordance with example embodiments.

[0011] FIG. 6 shows conventional test applications and example multi-content test applications
in accordance with example embodiments.

[0012] FIG. 7 shows example probe head configurations for carrying out multi-content test
applications in accordance with example embodiments.

[0013] FIG. 8 shows a flow chart of a method in accordance with example embodiments.

[0014] FIG. 9 shows a flow chart of another method in accordance with example embodiments.
DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0015] In this description, the term “couple” or “couples” means either an indirect or direct
wired or wireless connection. For example, if a first device couples to a second device, that
connection may be through a direct connection or through an indirect connection via other devices
and connections.

[0016] To address the above problems, example embodiments are directed to systems and

methods for testing multiple dies on a semiconductor wafer. For example, a scribe line refers to the
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space between dies on a wafer where a saw can safely cut the wafer without damaging the dies or
circuits implemented on the wafer. Conventionally, the scribe line is a non-functional spacing that
merely serves to ensure that a saw (e.g., a mechanical saw, a laser-based saw, or other known
device for separating dies on a wafer) is able to effectively cut between the dies or circuits.

[0017] However, in accordance with example embodiments, a landing pad and an interconnect
coupled to the landing pad are implemented in a scribe line of a wafer. The interconnect couples
the landing pad to a cluster of dies on the wafer. A tip of a probe head contacts the landing pad
during testing to provide an electrical connection between the probe head and the cluster of dies.
Subsequently, the cluster of dies is tested using automated test equipment (ATE) that includes
multiple resources as described above, which are applied to the cluster of dies (referred to
collectively as a device under test (DUT)) via the landing pads. In this way, the scribe line is used
to create landing pads and interconnects that allow a single probe tip to fan out, or electrically
contact, a cluster of dies rather than a single die. This results in an increase in the attainable
multi-site factor, depending on how many dies an interconnect couples a single landing pad to.
[0018] For example, a multi-site factor is conventionally given by N/M as described above
(where N is the number of a particular available ATE resource and M is the number of resources of
that type required to test a die). However, example embodiments increase the multi-site factor by a
factor of L, where L is the number of dies in the cluster contacted by the scribe line-implemented
interconnect and the landing pad coupled thereto. So, in a case where a landing pad is implemented
in the scribe line and coupled to a die cluster of size 4 through an interconnect also implemented in
the scribe line, the multi-site factor is boosted to 4*N/M, which results in an increase in test
throughput and corresponding decrease in time required to test all the dies on a wafer of a given
size.

[0019] Example embodiments should not necessarily be limited to implementing only a single
landing pad and interconnect on a scribe line of a wafer. Instead, multiple landing pads and
interconnects may be implemented on scribe lines between dies, such as by employing tunneling to
provide scribe-to-die connectivity across different layers. In these examples, multiple probe tips
may each contact a different landing pad in the scribe line during a single touch-down, improving
the fan out of ATE resources across the wafer. In fact, in some examples, all of the dies contained
on a single wafer may be coupled to landing pads accessible by the probe head in a single

touch-down, which may permit a test to be concurrently performed on all the dies of a wafer. A
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number of dies of a wafer that are testable during a single touch-down may vary in practice, such
as based on restrictions of available ATE resources, location of probe heads mounted on the probe
card, and the size of die clusters.

[0020] In addition to interconnects between a landing pad and a cluster or plurality of dies, the
scribe line may also include one or more die-to-die connections. These die-to-die connections
allow one die to test another die. In these examples, dies may be classified as a master (i.e., the die
applying the test) or a slave (i.e., the die being tested) and as functional (i.e., enabling testing using
functions implemented on the die) or sacrificial (i.e., enabling testing using test-only functions).
Sacrificial dies can additionally provide landing pads, improved routing between dies, and other
embedded design for testability (DFT) elements to aid in test application and response
measurement (e.g., a voltage regulator for providing a reference voltage, current measurement
using current mirrors and resistors, and built-in self-test (BIST) controllers). Further, in some
examples, DFT structures such as measurement units (e.g., resistor dividers, low-cost
analog-digital converters (ADCs), and flash BIST controllers) may be implemented in the scribe
line, enabling measurements on individual dies to be performed locally instead of being made
using ATE resources.

[0021] In some example embodiments, one or more switches may be implemented on signal
and/or power connections, either in a scribe line or within a die itself. These switches permit
selective connectivity between components (e.g., landing pads, DFT structures, and the dies
themselves), which may assist in the isolation of a die or dies identified as being faulty during an
earlier testing procedure.

[0022] Accordingly, example embodiments allow for wafer probing with an improved multi-site
factor, within the restrictions of available ATE resources, by enabling probe heads mounted on the
probe card to cover or “fan out” to an increased number of dies or die clusters. In some examples,
in fact, all dies on a wafer may be tested with a single touch-down event, due to implementing
interconnects and landing pads within the scribe line.

[0023] Referring again to FIG. 1, schematic examples of contacting dies on a wafer are shown.
In the first example 100, a prober 102 (generally referring to the combination of one or more probe
tips on a probe head) is driven by an ATE 104. The prober 102 is an electromechanical assembly
that transmits electrical signals from the ATE 104 to an electrical contact on the wafer. In the

example 100, the mechanical prober 102, driven by the ATE 104, is configured to test a grouping
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of nine dies 106 in a single touch-down event. Achieving a high degree of parallelism in testing
dies 106 is limited by the fact that the ATE 104 has a finite number of electrical resources (or
pins).

[0024] To illustrate this limit, in the second example 150, four separate probers 152 are each
driven by a dedicated ATE 104, and thus a grouping of 36 dies may be tested in a single
touch-down event. However, this requires four times the resources of the first example 100—or
four ATEs 154—to implement, which is not ideal. Alternatively, one ATE 154 may drive four
probe heads 152, although ATE 154 resources may be constricted and thus not all 36 dies may be
tested at once. Further, it may be desirable to reduce the number of probe heads 152 as well. The
probers 102, 152 may include multiple probe heads, each probe head in turn including multiple
probe tips. However, the examples 100, 150 are for illustrative purposes to demonstrate the
limitations when attempting to expand the parallelism of testing in conventional scenarios.

[0025] Conventionally, landing pads are located on each of the various dies of a wafer (i.e., the
landing pads are the pads of the particular die). To address this limitation, FIG. 2a illustrates a
semiconductor wafer 200 in accordance with example embodiments, in which landing pads 202
and interconnects 204 are positioned in one or more scribe lines 206 between dies 208 of the wafer
200. The view 200a depicts landing pads 202 coupled to test routes or interconnects 204 in
portions of the scribe line area 206. The view 200b depicts the remaining free scribe area 210,
along with the landing pads 202 for reference. The view 200c depicts the merging of the landing
pads 202, the interconnects 204, and the free scribe area 210.

[0026] FIG. 2b illustrates the landing pads 202 and the interconnects 204 in the scribe lines 206
of FIG. 2a in greater detail. For example, multiple landing pads 202a-d are shown in the scribe line
206. In this example discussion, it may be assumed that each pad 202a-d corresponds to a different
ATE resource needed to test a die 208. Each landing pad 202a-d is coupled to a corresponding
interconnect 204a-d, respectively, which provides routing to the dies 208. As shown, the dies 208
also include pads 220, which would conventionally be used to make electrical contact with the dies
208.

[0027] However, as described above, contacting the pads 220 limits the amount of parallelism in
testing dies 208 that may be achieved. By contrast, example embodiments improve the parallelism
in testing the dies 208 by utilizing (in the shown example of FIG. 2b) one pad 202a-d to contact

four different dies 208. Thus, in one example where a prober 102 only contains four pins, each of a
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different, required ATE resource type, the example shown in FIG. 2b allows four dies 208 to be
tested in a single touch-down event. Conventional wafers and testing systems and methods would
require four separate touch-down events, one to test each of the dies 208 shown.

[0028] FIG. 2b is an example, and the scope of example embodiments is not limited to a 2x2 tile
arrangement (nor a 7x7 tile arrangement as shown in the expanded view 250). Instead, FIG. 2b
illustrates the improvements to parallelism in testing the dies 208 enabled by example
embodiments in which landing pads 202 and interconnects 204 are positioned in the scribe line 206
to “fan out” to a number of dies 208 in the area. The number of landing pads 202 and
interconnects 204 able to be positioned in the scribe line 206 may vary based on the width of the
scribe line 206 and the width of the interconnects 204 (e.g., signal lines may be narrower, while
interconnects 204 carrying a higher current may be thicker). Also, tunneling may be employed to
enable scribe-to-die connectivity across different layers of the scribe line 206, as shown by the four
interconnects 204a-d in FIG. 2b.

[0029] FIG. 3 illustrates a distributed probe head configuration relative to a single probe head
configuration. For example, FIG. 3 shows two example probe heads 300, 350 in accordance with
example embodiments. The probe head 300 contains a single prober 302 and pogo connectors 303
(or other spring-loaded devices to allow for compliance when contacting a wafer). The prober 302
includes a plurality of pins 305 that provide electrical connectivity between ATE resources 304 and
a pad on the wafer when in contact. The probe head 350 includes similar pogo connectors 353 and
several probers 352, which can thus land on a wafer in multiple locations. In some examples,
depending on the prober 300, 352, the probe head 302, 352 configuration, how the wafer is laid
out, how much current is required to test each die on the wafer, how many pads are required to test
each die, the entire wafer may be tested in a single touch-down event because the probers 302, 352
and associated pins (e.g., pins 305) may be “fanned out” across multiple dies as described above.
[0030] FIG. 4a illustrates example switch configuration or topology for connecting to and/or
isolating individual (or clusters of) dies. FIG. 4 shows a scribe line 206 between two dies 208,
similar to those described above with respect to FIG. 2a. Further, the scribe line contains landing
pads 202, depicted as rectangular elements. Also, the dies 208 themselves contain landing pads
402, which may be used before or after the scribe line 206 has been cut. As shown, the landing
pads 202 in the scribe line 206 may couple to one or more dies 208 as described above. The scribe

line 206 also includes internal connections 404 that enable connectivity between the scribe 206 and
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the die 208, but are not landing pads 202. The internal connection 404 may comprise a logic
element, such as a resistor divider or design for testability (DFT), which may be used to drive one
or more of the surrounding dies 208. Alternatively, the internal connection 404 may be more
“simple” and merely present a metal-to-metal connection between different layers of the scribe line
206 (e.g., between different interconnects, described above with respect to FIG. 2a).

[0031] FIG. 4b demonstrates that pad landings may occur on either the landing pad 202 on the
scribe line 206 or a landing pad 402 on the die itself. For example, the landing pad 202 may be
used during a wafer test, whereas (for example) the landing pad 402 may be used after the pad of
the die 208 is bonded to a wire to be placed into a packaged part. Further, a switch 410 may allow
for isolation of this particular die 208 from the landing pad 202 in the event that the particular die
208 fails a test, but the remaining dies 208 in its cluster are still to be tested.

[0032] FIG. 4c demonstrates a landing pad 402 only on a die, which is coupled to an internal
connection 404 by a switch 412. Inclusion of the landing pad 402 on the die is beneficial so that the
die may be tested even after the scribe line is sawed through. As described above, the internal
connection 404 may comprise a logic element or may simply provide a connection to another layer
of the scribe line 206, such as to couple to another landing pad or die. Thus, even in the example of
FIG. 4c, although a landing pad 202 itself is not implemented in the scribe line 206, testing of the
die 208 and surrounding dies may be improved through their access to a common logic element
404 in the scribe line 206, which would not otherwise exist. For example, either of the switches
410, 412 may be operated, so that after a die 208 is identified as bad or faulty, that die may be
isolated from power and input signals or, in the case of 412, isolated from access to the logic
resource or connection 404,

[0033] FIG. 5 illustrates various example wafer probe test flows in accordance with example
embodiments. From the outset, the “phases” corresponding to columns of the table do not
necessarily relate to the time taken to perform the phase. Instead, the phases are intended to show
the possible steps that may be taken during a particular test flow.

[0034] With respect to all test flows, a phase O scribe characterization test is performed, which is
an electrical test that occurs before actual testing of the individual dies on the wafer. Accordingly,
upon manufacture of the wafer, a so-called wafer health flow is performed to ensure that the wafer

as a whole meets basic requirements. Subsequent to this phase O step, the various test flows may
differ.
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[0035] For example, in the conventional test flow, the first phase includes probing of the dies on
the wafer in a conventional manner, such as contacting landing pads on the dies with the probe
head and applying ATE resources to those contacted dies. This process may be repeated a number
of times until all the dies on the wafer have been suitably tested. Then, the second phase comprises
a final test, which may include a test of a die integrated as a packaged part.

[0036] However, in accordance with example embodiments, test flows 1 and 2 begin with a test
of the scribe itself. For example, because example embodiments utilize the scribe for
connectivity—a landing pad to fan out to multiple dies by various interconnects and/or other
internal connections such as logic elements—the scribe itself is tested before beginning testing of
any of the associated cluster of dies. Both of test flows 1 and 2 then proceed to test both the scribe
and dies, such as using the fanned out scribe-implemented landing pads described above. The
fanning out of the scribe-implemented landing pads permits a higher multi-site than would
otherwise be achievable within the context of a single touch-down event.

[0037] Test flow 1 continues in phase 3 to test the dies themselves (again, using the fanned out
scribe-implemented landing pads in some examples), while test flow 2 includes an optional step of
testing a die-to-die connection; test flow 2 also then proceeds to test the dies themselves. After the
dies have been tested, both test flows 1 and 2 may proceed to testing dies in the context of being a
packaged part.

[0038] The above-described examples improve upon the attainable multi-site factor by fanning
out a single landing pad to a plurality of dies, increasing the number of dies reachable in a single
touch-down event. In some cases, the method used for testing dies includes mapping ATE
resources onto individual dies or DUTs on the wafer or DUTs as packaged parts in a final test.
However, it may be that all DUTs are tested identically; that is, a same given text executes on all
the DUTs being tested at a given time based on the multi-site factor of the particular testing
system, which may waste some resources. For example, resources required exclusively for “Test
B” are unutilized while “Test A” is performed. As a result, the overall system multi-site factor is
determined by the ATE resource that is least available (i.e., the maximum count of the most
constrained ATE resource). Examples of ATE resources include analog channels, digital channels,
data logging channels, high-speed interface channels, and clock channels. Commonly, an
equivalent number of each resource is not available, which leads to the multi-site factor constraint

described above.
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[0039] Thus, although higher parallelism is available for ATE resources that are greater in
number, the overall test throughput (which requires multiple resources to be applied) may still be
somewhat impeded by the constrained number of ATE resources. Accordingly, for constrained
ATE resources, the test time increases as tests across multiple DUTs are performed serially.
However, in developing the example embodiments, it was determined that a typical maximum
ATE resource utilization is approximately 70%. Accordingly, across different applications of tests
in a test schedule that utilize a varying set of ATE resources for different tests in the schedule,
approximately only 70% of the ATE resources are used on average across the time duration
required to run all the tests in the test schedule.

[0040] To address these issues, some example embodiments may test multiple DUTs (e.g., dies
on a wafer or packaged parts) using available ATE resources (or resources from similar test
processing equipment) with different tests being applied to different DUTs at the same time. For
example, different DUTs are tested using different tests (or different ATE resources) at the same
time, which results in a summing of ATE resources that are able to be applied at one time. Due to
physical constraints (e.g., the arrangement of probe heads, probe tips, and landing pads), the
number of different ATE resources applied to DUTs at the same time may not be the entire sum of
the numbers of those ATE resources. For example, if 70 resources of type A and 30 resources of
type B are available, physical constraints involved in contacting the wafer or DUTs may result in
all 70 resources of type A being applied to certain DUTs, while only 20 resources of type B are
applied to other DUTs. Regardless, more resources are applied during a single touch-down event
than conventional testing using a single set of resources to apply one test per touch-down event.
[0041] For example, multiple DUTs are tested concurrently, although different tests may be
applied to different ones of the DUTs at the same time. In the context of testing dies on a wafer,
ATE resources are mapped onto different pads on the wafer using various probe head
configurations mounted on a probe card. Similarly, in the context of testing packaged parts, ATE
resources are mapped onto different packaged device pins on an ATE load board using various
routing and relay configurations. The ATE hardware may be configured to allow dynamic
allocation of resources connected to various ATE channels to different DUT pads or pins. The
particular allocation of ATE resources to the ATE channels is controlled by an internal ATE test
program. Thus, example embodiments improve ATE resource utilization by scheduling tests

concurrently that leverage otherwise-unused ATE resources. As a result of concurrent testing,
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overall test throughput is increased while idle ATE resources for a given touch-down event are
reduced. The disclosed examples may apply to both ATE-based testing (in which probe cards are
used to test dies on a wafer) and board-based testing, in which a load board is used to test packaged
dies.

[0042] In some example embodiments, a plurality of dies or DUTs are grouped together to form
a “cluster,” where each DUT is part of only one cluster. DUTs within a cluster are tested
concurrently, and may be tested with different test content (or different applied ATE resources).
However, all clusters on the wafer may be identical and tested concurrently. Thus, a cluster may be
viewed as a DUT itself, composed of sub-modules each of which is also a DUT (e.g., an individual
die). As a result, the ATE interfaces with the clusters, which make up the wafer, all of the clusters
being identical and tested with identical content.

[0043] The described examples overcome conventional bottlenecks in test time, test throughput,
attainable multi-site factor (and thus test concurrency), and resource utilization in various
scenarios. For example, where constraints exist due to DUT pins because each DUT offers only a
limited number of pins for testing, example embodiments may be leveraged in at least one of two
ways. First, the number of DUT pins available for test may be increased. Accordingly, the test
mode pin-muxing is relaxed, with different pins contacted for different tests. However, this may
complicate the probe head/ load board relay designs in order to allocate different ATE resources to
different pins of the DUT. Second, the same set of DUT pins may be utilized for application of
different tests, where each test may require application of a dedicated pre-amble to internally
assign the pins to the relevant module inside the DUT being tested (i.e., apply a pin-muxing
preamble). In both the cases, the ATE throughput increases because different ATE resources are
used to test different DUTs with different test content.

[0044] Referring again to FIG. 6, for simplicity, each DUT may require two tests, referred to as
test A and test B. For test A to be performed on a DUT, two ATE resources of type A are required.
Similarly, for test B to be performed on a DUT, two ATE resources of type B are required. The
example ATE utilized in FIG. 6 is capable of supplying four resources of type A and two resources
of type B. Again, for simplicity, each ATE resource connects to one DUT pin, so: 4 pins of
resource type A are available from the ATE, and 2 pins of resource type B are available from the
ATE.

[0045] The example 602 illustrates a conventional test flow, in which only one DUT is capable

10
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of being tested with resource B at a time, because only two resources of type B are available, and
test B requires two resources of type B. Thus, DUT]1 testing is complete in 2 cycles, DUT?2 testing
is complete in 2 cycles, and DUTS3 testing is complete in 2 cycles.

[0046] The example 604 illustrates another conventional test flow in which test A is applied to
two dies simultaneously (i.e., DUT1 and DUT2 in cycle 1 and DUT3 and DUT4 in cycle 4). This
is enabled by the fact that four ATE resources of type A are available, but test A only requires two
resources of type A. However, because the amount of resources of type B is constrained, then the
application of test B to the DUTs must occur serially.

[0047] In accordance with example embodiments, examples 606 and 608 improve upon the
conventional test flows 602 and 604 by applying dissimilar test content to different DUTs
concurrently. In the example implementation 606 during cycle 1, test A is applied to DUT1 and
test B is applied to DUT2. Continuing on, during cycle 2, test A is applied to DUT 3 and test B is
applied to DUT1, while in cycle 3, test A is applied to DUT2 and test B is applied to DUT3. Thus,
in the first three cycles, tests A and B have been applied to three DUTs. Cycles 4-6 are similarly
used to apply tests A and B to DUTs 4-6. In the example 606, the same test is never concurrently
applied to multiple DUTSs (i.e, test A because that is the only test capable of concurrent application
to more than one DUT). Importantly, however, different types of tests (i.e., test A and test B) are
concurrently applied to different DUTs in the same cycle, resulting in the improvement of testing
efficiency over conventional examples 602 and 604.

[0048] Example 608 presents similar benefits relative to example 606. However, the test flow
illustrated by the example implementation 608 demonstrates additional benefits that may be
achieved by example embodiments of multi-content testing. For example, because four resources
are of type A, and because applying test A only requires two resources of type A, during cycle 1,
test A is applied to both DUT1 and DUT2 and test B is applied to DUT2. Then, during cycle 2, test
A is applied to DUT2 (completing DUT2’s test process) and test B is applied to DUT1 (completing
DUTT1’s test process). Finally, during cycle 3, test B is applied to DUT3. Cycles 4-6 are similarly
utilized for DUTs 4-6. Thus, as was the case with example 606 described above, in the first three
cycles, tests A and B have been applied to three DUTs.

[0049] However, as illustrated in example 608, resource A is idle for effectively three cycles’
worth of time (i.e., over the three cycles required to test three DUTs). Certain real-world examples

may take advantage of this, such as where a DUT requires an additional test A’ that also utilizes
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resource of type A, or where test A requires additional time to complete relative to test B (e.g.,
double the time of test B in example 608).

[0050] FIG. 7 shows various configurations of probe heads, having varying numbers of probe
tips, that may be used to perform the multi-content test in accordance with example embodiments.
The example configuration 706a shows one way that the test of example 606 above may be
performed using a probe head having 12 probe tips. For example, each DUT has four probe tips
dedicated to that die: two to deliver resources of type A and two to deliver resources of type B.
[0051] The configuration 706b represents some examples in which the size of the probe head
can be reduced, in this case to a probe head having six probe tips. Each pair of probe tips is
dedicated to a DUT, and thus resources of type A and type B are mapped to the same pins of that
particular DUT. In this example 706b, a pin-muxing preamble is applied (notated by a double
boundary between cycles) to inform the DUT that the ATE is about to switch from application of
resources of type A to application of resources of type B (or vice versa in the case of DUT2). This
improves the efficiency because in 706a, eight pins were unused every cycle, whereas in 706b,
only two pins are unused every cycle.

[0052] The configuration 708 represents some examples in which the probe head may be
somewhat reduced in size, but rather than utilizing a pin-muxing preamble as in the example 706b,
the probe head itself may be moved between cycles to contact different pins of the DUTs. This
reduction in the number of probe pins is achieved by assigning idle probe pins during the testing of
one die to the testing of a neighboring die. This is feasible when the topology of the pins within the
die has a similar pattern to the topology of the pins across two neighboring dies.

[0053] Referring again to FIG. 8, a method 800 is shown in accordance with example
embodiments. The method 800 begins in block 802 with implementing a first landing pad on a
scribe line of a semiconductor wafer including a plurality of dies. The method 800 continues in
block 804 with implementing a first interconnect on the scribe line and between the landing pad
and a cluster of the dies on the wafer. As described above, by implementing such an interconnect
between a scribe-based landing pad and a cluster of dies, a single probe tip may be used to apply an
ATE resource to multiple dies due to the fact that the interconnect fans out from the landing pad to
the cluster of dies. This improves the attainable multi-site factor for a given touchdown event.
Thus, the method 800 also continues in block 806 with testing the cluster of dies using the ATE by
contacting the landing pad with the probe tip and applying an ATE resource through the probe tip
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to the cluster of dies.

[0054] In some cases, the method 800 may continue in block 808 with implementing one or
more die-to-die links on the scribe line, which enables one die to test another die by the die-to-die
link. For example, a receiver circuit of one die can be used to test a transmitter circuit of a
neighboring die, and vice versa. In addition to enabling a wider variety of testing flows, this may
also help reduce the dependency on the ATE for transmitter-receiver testing.

[0055] In examples, additional landing pads and interconnects may be implemented on the scribe
line to enable testing of additional cluster(s) with another probe tips coupled to the ATE in a single
touchdown event. In some other examples, the landing pads, interconnects, and probe tips may be
configured in a way that enables all of the dies on the wafer to be tested concurrently in a single
touchdown event.

[0056] During testing of the one or more clusters, the ATE may monitor a response from the dies
as a result of the application of the ATE resource. Further, the testing may indicate the presence of
a bad die in one or more of the clusters, which may be isolated (e.g., for further testing or
discarding). In some cases, the bad die may be isolated by operating a programmable switch to
decouple that die from the rest of the cluster. However, in other cases, such as where such switches
are unavailable or where efficiency or timing constraints require, the cluster containing the bad die
may be discarded and testing on other clusters of dies on the wafer is performed.

[0057] FIG. 9 shows another method 900 in accordance with example embodiments. The
method 900 begins in block 902 with contacting first and second devices under test with probe tips
coupled to ATE. Examples of devices under test may include dies on a wafer, clusters of dies on a
wafer, and packaged parts. Further, where the device under test comprises a cluster of dies on a
wafer, the contact may be by a landing pad implemented on a scribe line and a coupling
interconnect, as described above. In some cases, the devices under test may each comprise a cluster
of packaged parts that is coupled to pins on the probe head using routing on an ATE hardware
board. The method 900 continues in block 904 with applying a first ATE resource to the first
device under test while applying a second ATE resource to the second device under test. As
described above, in some cases the ATE lacks a sufficient amount of one of the resources to apply
that resource to the first and second devices under test concurrently. Thus, but controlling the ATE
such that different resources are applied to different devices under test concurrently, an increased

test throughput is enabled by utilizing resources that conventionally are wasted.
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[0058] In some cases, the method 900 further continues in block 906 with generating a
pin-muxing preamble for one of the devices under test to configure that device under test for the
ATE resource that is to be applied to that device under test. In this way, multiple types of resources
may be mapped to the same pin of a device under test, while allowing for configuration of that pin
before the application of a different resource type.

[0059] In the foregoing discussion, various examples utilize particular probe head designs, probe
tip numbers and pin constrictions on DUTs.

[0060] Modifications are possible in the described embodiments, and other embodiments are

possible, within the scope of the claims.
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CLAIMS
What is claimed is:
1. A method of testing a semiconductor wafer comprising a scribe line and a plurality of dies,
the method comprising:

implementing a first landing pad on the scribe line;

implementing a first interconnect on the scribe line and between the first landing pad and a
first cluster of the plurality of dies, thereby coupling the first landing pad to the first cluster of dies;
and

performing the testing of the first cluster of dies using automated test equipment (ATE)
coupled to a probe tip by: contacting the first landing pad with the probe tip; and applying an ATE
resource to the first cluster of dies.
2. The method of claim 1 further comprising implementing one or more die-to-die links on
the scribe line.
3. The method of claim 2 further comprising using a first one of the plurality of dies to
perform a test on a second one of the plurality of dies using the die-to-die link implemented on the
scribe line.
4. The method of claim 1 further comprising:

implementing a second landing pad on the scribe line;

implementing a second interconnect on the scribe line and between the second landing pad
and a second cluster of the plurality of dies, thereby coupling the second landing pad to the second
cluster of dies; and

performing concurrent testing of the first and second clusters by: contacting each of the
first and second landing pads with probe tips coupled to the ATE; and applying the ATE resource
to the first and second clusters of dies.
5. The method of claim 4 further comprising:

implementing additional landing pads and interconnects on the scribe line such that each of
the plurality of dies of the wafer is coupled to one of the landing pads; and

testing all of the plurality of dies of the wafer concurrently.
6. The method of claim 1 wherein performing the testing further comprises observing a
response from the first cluster of dies as a result of the application of the ATE resource.

7. The method of claim 1 wherein a result of the testing indicates a presence of a bad die in
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the first cluster, the method further comprising isolating the bad die from the other dies in the
cluster.

8. The method of claim 7 wherein the bad die is isolated from the other dies in the cluster by
operating a programmable switch.

9. The method of claim 7 further comprising discarding the first cluster as a result of the
presence of the bad die in the first cluster.

10. A system for testing a plurality of semiconductor dies, the system comprising:

a semiconductor wafer comprising: a scribe line between at least some of the plurality of
semiconductor dies; a first landing pad on the scribe line; and a first interconnect on the scribe line
and between the first landing pad and a first cluster of the plurality of dies, the first interconnect
configured to couple the first landing pad to a first cluster of the dies; and

a probe tip coupled to automated test equipment (ATE) and configured to: contact the first
landing pad; and apply an ATE resource to the first cluster of dies to test the first cluster of dies.

11. The system of claim 10 wherein the scribe line comprises one or more die-to-die links.

12. The system of claim 11 wherein a first one of the plurality of dies is configured to perform
a test on a second one of the plurality of dies using the die-to-die link implemented on the scribe
line.

13. The system of claim 10 further comprising:

a second landing pad on the scribe line;

a second interconnect on the scribe line and between the second landing pad and a second
cluster of the plurality of dies, the second interconnect configured to couple the second landing pad
to the second cluster of dies; and

a second probe tip coupled to the ATE configured to contact the second landing pad and
apply the ATE resource to the second clusters of dies to concurrently test the first and second
clusters of dies.

14. The system of claim 13 further comprising:

additional landing pads and interconnects on the scribe line such that each of the plurality
of dies of the wafer is coupled to one of the landing pads; and

a plurality of probe tips coupled to the ATE, each of the probe tips configured to contact
one of the landing pads and apply the ATE resource to each of the plurality of dies to concurrently
test all of the plurality of dies of the wafer.
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15. The system of claim 10 wherein the probe tip is further configured to receive a response
from the first cluster of dies as a result of the application of the ATE resource.

16. The system of claim 10 wherein a result of the test indicates a presence of a bad die in the
first cluster, the probe tip configured to isolate the bad die from the other dies in the cluster.

17. The system of claim 16 wherein the semiconductor wafer further comprises one or more
switches that, when caused to open, isolate the bad die from the other dies in the first cluster.

18. A method of testing first and second devices under test using automated device equipment
(ATE), the method comprising:

performing concurrent testing of the first and second devices under test by: contacting each
of the first and second devices under test with probe tips coupled to the ATE; and applying a first
ATE resource to the first device under test while applying a second ATE resource to the second
device under test;

wherein the ATE lacks a sufficient amount of one of the resources to apply that resource to
the first and second devices under test concurrently.

19. The method of claim 18 further comprising generating a pin-muxing preamble for one of
the devices under test to configure that device under test for the ATE resource that is to be applied
to that device under test.

20. The method of claim 18 wherein the devices under test each comprise one or more dies on
a wafer.

21. The method of claim 18 wherein the devices under test each comprise one or more
packaged parts.

22. The method of claim 18 wherein the devices under test each comprise a cluster of dies on a
wafer, the cluster of dies coupled to a landing pad implemented in a scribe line of the wafer.

23. A system for testing first and second devices under test, the system comprising:

a plurality of probe tips coupled to automated test equipment (ATE) and configured to:
contact each of the first and second devices under test; and apply a first ATE resource to the first
device under test while applying a second ATE resource to the second device under test;

wherein the ATE lacks a sufficient amount of one of the resources to apply that resource to
the first and second devices under test concurrently.

24, The system of claim 23 wherein the probe tip is configured to apply a pin-muxing preamble

to one of the devices under test to configure that device under test for the ATE resource that is to
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be applied to that device under test.

25. The system of claim 23 wherein the devices under test each comprise one or more dies on a
wafer.

26. The system of claim 23 wherein the devices under test each comprise a packaged part.

27. The system of claim 23 wherein the devices under test each comprise a cluster of dies on a

wafer, the cluster of dies coupled to a landing pad implemented in a scribe line of the wafer.
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