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(7) ABSTRACT

This disclosure provides, in one aspect, a test structure
formed within a semiconductor wafer. In one embodiment,
the test structure comprises a plurality of first level bulk
metals having varying sizes, where adjacent ones of the
plurality of first level bulk metals are coupled together using
vias connected to second level thin conductors located
therebetween. In addition, the test structure comprises a
plurality of second level bulk metals having varying sizes,
where adjacent ones of the plurality of second level bulk
metals are coupled together using vias connected to first
level thin conductors located therebetween. Furthermore,
the test structure includes a first level contact pad coupled to
a smallest of the plurality of second level bulk metals, and
a second level contact pad coupled to a largest of the
plurality of first level bulk metals. In such an embodiment,
a largest of the second level bulk metals coupled to a
smallest of the first level bulk metals. In other aspects, this
disclosure provides a method of manufacturing a test struc-
ture within a semiconductor wafer, and a method of evalu-
ating stress-induced voiding of metals within a semiconduc-
tor wafer.
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TEST STRUCTURE AND RELATED METHODS
FOR EVALUATING STRESS-INDUCED VOIDING

TECHNICAL FIELD OF THE INVENTION

[0001] This disclosure relates, in general, to semiconduc-
tor processes, and more specifically, to test structures and
related methods, for evaluating stress-induced voiding in
components and interconnects within semiconductor wafers.

BACKGROUND OF THE INVENTION

[0002] The manufacture of integrated circuits on semicon-
ductor wafers has continued to allow electrical devices to
become more compact, yet with improved performance and
greater capabilities. As a result, manufacturers are constantly
improving on the manufacturing techniques and processes
for the semiconductor devices forming these integrated
circuits. In addition, as manufacturing processes for semi-
conductor devices and interconnects become more complex,
techniques for testing the results of such processes become
more important. Specifically, modern processes typically
include the manufacture of test wafers, built having multiple
test structures that allow manufacturers to perform a variety
of tests in order to evaluate the potential performance of
finished wafers manufactured with the same processes.
Although test wafers permit such testing, current manufac-
turing techniques often include producing test structures
within production wafers, allowing manufacturers to per-
form performance testing within actual wafers to be sold to
customers. With this approach, manufacturers may obtain
more accurate performance evaluations by testing structures
within the actual wafers produced for customers.

[0003] One particular test structure commonly employed
by today’s manufacturers is the evaluation of stress-induced
voiding among the interconnections between vias and inter-
level metal conductors in the various levels of semiconduc-
tor wafers. Stress-induced voiding typically refers to the
development of defects at these interconnection points to the
degree of causing voids, e.g., open circuits. Such stress-
induced voiding may manifest itself in several ways.

[0004] Referring initially to FIG. 1, illustrated is an inter-
level interconnection 100 suffering failure from one type of
stress-induced voiding that may occur during the manufac-
ture of semiconductor wafers. The interconnection 100
includes a thin conductor 2 coupled to a bulk metal layer 4
with an interconnecting via 6. As illustrated, the thin con-
ductor 2 is formed on a higher level than the bulk metal layer
4. As the interconnection 100 undergoes stress during opera-
tion, for example, thermal stress, a failure area 8 develops as
a result of stress-induced voiding. More specifically, with
the thin conductor 2 on a higher level than the bulk metal 4,
vacancies 10 around the connection point between the via 6
and the bulk metal 4 migrate towards the connection point
forming microvoids. As the voids increase, the failure area
8 eventually develops resulting in increased resistance and
in some cases an open circuit between the thin conductor 2
and the bulk metal 4.

[0005] TLooking now at FIG. 2, illustrated is another
interlevel interconnection 200 suffering failure from another
type of stress-induced voiding. The interconnection 200 also
includes a thin conductor 12 coupled to a bulk metal layer
14 with an interconnecting via 16. However, unlike the
interconnection 100 in FIG. 1, the interconnection 200 in
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FIG. 2 has the thin conductor 12 formed on a lower level
than the bulk metal layer 14. With this formation, as the
interconnection 200 undergoes stress during operation, the
tensile stress in the bulk metal 14 increases causing the bulk
metal 14 to move in the directions indicated by arrows Al
and A2. As the tensile stress in the bulk metal 14 increases,
and the bulk metal 14 moves further in the directions
denoted by arrows Al and A2, the stress translates to the via
16, pulling it upwards, as denoted by arrow A3. As the via
16 is forced upwards by the tensile stress, the via 16
eventually pulls away from the thin conductor 12 causing an
open circuit failure 18 between the thin conductor 12 and
bulk metal 14.

[0006] In addition to the various types of failures caused
by stress-induced voiding, the larger the metal layers
involved, the more severe the migration of microvoids, in
the case of a thin conductor over a bulk metal layer, and the
more severe the tensile stress, in the case of the bulk metal
over the thin conductor. As a result, the larger the metals
(e.g., length and width) employed to form the interconnec-
tions, the higher the probability for failure from stress-
induced voiding. As mentioned above, to evaluate the per-
formance of the selected sizes, manufacturers employ test
structures in production wafers.

[0007] FIG. 3 illustrates a conventional test structure 300
for evaluating stress-induced voiding among semiconductor
wafer interconnections. As may be seen, two contact pads 20
are positioned on the same level, and located over a bulk
metal 22. The bulk metal 22 is coupled to the contact pads
20 using vias 24. Although in the illustrated test structure
300, the bulk metal 22 is located below the contact pads 20,
other conventional test structures are also in use having the
bulk metal 22 positioned over the contact pads 20.

[0008] Unfortunately, regardless of which conventional
test structure is employed, both suffer from similar deficien-
cies. More specifically, in order to evaluate the effects of
stress-induced voiding on the multitude of metal structure
sizes, each structure 300 includes bulk metal 22 having a
selected length and width. The structure 300 may then be
used to evaluate stress-induced voiding on that particular
size of bulk metal 22. However, to evaluate stress-induced
voiding on any other size, a separate test structure is formed,
having bulk metal with a length and/or width different than
bulk metal in the first structure.

[0009] As mentioned above, since the probability of fail-
ure due to stress-induced voiding constantly varies in pro-
portion to the size of the interconnected metal layers, a great
number of test structures, typically over 100, must be
constructed in the production wafer to provide a complete
spectrum of failure evaluation. As may be expected, such a
large number of test structures occupies a tremendous
amount of wafer real estate, reducing overall wafer yield and
consequently increasing the overall cost of semiconductor
device manufacture. Of course, less test structures may be
formed on production wafers, but then the accuracy of
evaluating stress-induced voiding failure probability is sub-
stantially decreased. Accordingly, what is needed in the art
is a test structure, and related methods, for evaluating the
probability of stress-induced voiding failures in semicon-
ductor wafer interconnections that do not suffer from the
deficiencies associated with conventional techniques.
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SUMMARY OF THE INVENTION

[0010] To address the above-discussed deficiencies of the
prior art, this disclosure provides, in one aspect, a test
structure formed within a semiconductor wafer. In one
embodiment, the test structure comprises a plurality of first
level bulk metals having varying sizes, where adjacent ones
of the plurality of first level bulk metals are coupled together
using vias connected to second level thin conductors located
therebetween. In addition, the test structure comprises a
plurality of second level bulk metals having varying sizes,
where adjacent ones of the plurality of second level bulk
metals are coupled together using vias connected to first
level thin conductors located therebetween. Furthermore,
the test structure includes a first level contact pad coupled to
a smallest of the plurality of second level bulk metals, and
a second level contact pad coupled to a largest of the
plurality of first level bulk metals. In such an embodiment,
a largest of the second level bulk metals is coupled to a
smallest of the first level bulk metals.

[0011] In another aspect, this disclosure provides a method
of manufacturing a test structure within a semiconductor
wafer. In one embodiment, the method includes forming a
plurality of first level bulk metals having varying sizes, and
a plurality of second level bulk metals having varying sizes,
on the wafer. The method also includes coupling adjacent
ones of the plurality of first level bulk metals together using
vias connected to second level thin conductors located
therebetween, and coupling adjacent ones of the plurality of
second level bulk metals together using vias connected to
first level thin conductors located therebetween. In addition,
the method includes coupling a first level contact pad to a
smallest of the plurality of second level bulk metals, cou-
pling a second level contact pad to a largest of the plurality
of first level bulk metals, and coupling a largest of the
second level bulk metals to a smallest of the first level bulk
metals.

[0012] In yet another embodiment, the disclosure provides
a method of evaluating stress-induced voiding of metals
within a semiconductor wafer. In one embodiment, the
method includes electrically coupling a first probe to a first
level contact pad coupled to a smallest of a plurality of
second level bulk metals having varying sizes, where adja-
cent ones of the plurality of second level bulk metals are
coupled together using vias connected to first level thin
conductors located therebetween. The method also includes
electrically coupling a second probe to a second level
contact pad coupled to a largest of a plurality of first level
bulk metals having varying sizes, where adjacent ones of the
plurality of first level bulk metals are coupled together using
vias connected to second level thin conductors located
therebetween, a largest of the second level bulk metals
coupled to a smallest of the first level bulk metals. Also, the
method includes determining a resistance across the plurali-
ties of first and second level bulk metals using the first and
second probes.

[0013] The foregoing has outlined preferred and alterna-
tive features of the disclosed process so that those skilled in
the art may better understand the detailed description that
follows. Additional features of the invention will be
described hereinafter that form the subject of the attached
claims. Those skilled in the art should appreciate that they
can readily use the disclosed conception and specific
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embodiments as a basis for designing or modifying other
structures for carrying out the same purposes. Those skilled
in the art should also realize that such equivalent construc-
tions do not depart from the spirit and scope of the issued
claims and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] For a more complete understanding, reference is
now made to the following detailed description taken in
conjunction with the accompanying drawings. It is empha-
sized that various features may not be drawn to scale. In fact,
the dimensions of various features may be arbitrarily
increased or reduced for clarity of discussion. In addition, it
is emphasized that some components may not be illustrated
for clarity of discussion. Reference is now made to the
following descriptions taken in conjunction with the accom-
panying drawings, in which:

[0015] FIG. 1 illustrates an interlevel interconnection
suffering failure from one type of stress-induced voiding that
may occur during the manufacture of semiconductor wafers;

[0016] FIG. 2 illustrates another interlevel interconnec-
tion suffering failure from another type of stress-induced
voiding;

[0017] FIG. 3 illustrates a conventional test structure for
evaluating stress-induced voiding among semiconductor
interconnections;

[0018] FIG. 4 illustrates a section view of one embodi-
ment of a test structure constructed according to the prin-
ciples disclosed herein; and

[0019] FIG. 5 illustrates a plan view of another embodi-
ment of a test structure for evaluating stress-induced voiding
constructed according to the principles disclosed herein.

DETAILED DESCRIPTION

[0020] In the following discussion, numerous specific
details are set forth to provide a thorough understanding of
the disclosure. However, those skilled in the art will appre-
ciate that the techniques herein may be practiced without
such specific details. In other instances, well-known ele-
ments have been illustrated in schematic or block diagram
form in order not to obscure the disclosure in unnecessary
detail. Additionally, some details have been omitted inas-
much as such details are not considered necessary to obtain
a complete understanding of the disclosure, and are consid-
ered to be within the understanding of persons of ordinary
skill in the relevant field of art.

[0021] Referring now to FIG. 4, illustrated is a section
view of one embodiment of a test structure 400 constructed
according to the principles disclosed herein. The test struc-
ture 400 includes a first contact pad 30 formed on a first
level, and a second contact pad 32 formed on a second level,
within the substrate layer levels of a semiconductor wafer. In
practice, the contact pads 30, 32 may be bonding pads for
use in electrically coupling the test structure 400 to outside
circuits or components. In a specific embodiment, probes
may be electrically coupled to the contact pads 30, 32 to
evaluate stress-induced voiding within the test structure 400,
as described below. Moreover, the contact pads 30, 32 may
be comprised of any appropriate conductive material. In
other embodiments, the contact pads 30, 32 may be electri-
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cally coupled using metallic conductors to other components
or interconnects throughout the wafer, or may even be
located away from the test structure 400 and coupled thereto
using such metallic conductors.

[0022] The test structure 400 also includes a plurality of
first level bulk metals 34, 36, 38, 40 formed on the first level.
In an advantageous embodiment, the first level bulk metals
34,36, 38, 40 are formed using aluminum, titanium, copper,
or alloys thereof, but other useful materials may also be
employed. As shown, the first level bulk metals 34, 36, 38,
40 have varying sizes with respect to one another. More
specifically, each of the first level bulk metals 34, 36, 38, 40
has varying lengths (1) and/or widths (w) with respect to one
another, as may be seen more clearly in FIG. 5. In addition,
in the illustrated embodiment, the first level bulk metals 34,
36, 38, 40 are arranged in ascending sizes, when moving
from the second contact pad 32 to the first contact pad 30.
To electrically couple each of the first level bulk metals 34,
36, 38, 40 together, adjacent ones of the first level bulk
metals 34, 36, 38, 40 are coupled to second level thin
conductors 42 located therebetween, but on the second level,
using vias (one of which is designated 44) to reach the
second level of the test structure 400. The second level thin
conductors 42 may also be formed using aluminum, tita-
nium, copper, alloys thereof, or other useful electrically
conductive material. Although, in the illustrated embodi-
ment, the first level is formed under the second level, the test
structure 400 may be formed in a different manner, with the
second level under the first level.

[0023] The test structure 400 also includes a plurality of
second level bulk metals 46, 48, 50, 52 formed on the second
level of the wafer, and also having varying sizes. Like the
first level bulk metals 34, 36, 38, 40, the second level bulk
metals 46, 48, 50, 52 vary in size by having varying lengths
and/or widths with respect to one another, and may be
formed using similar or different conductive material as was
used to form first level bulk metals 34, 36, 38, 40. In the
embodiment of FIG. 4, the second level bulk metals 46, 48,
50, 52 are arranged in descending sizes, when moving from
the first contact pad 30 to the second contact pad 32;
however, other arrangements are also possible. To electri-
cally couple the second level bulk metals 46, 48, 50, 52 to
each other, adjacent ones of a plurality of second level bulk
metals 46, 48, 50, 52 are coupled to first level thin conduc-
tors 54 located therebetween, but on the first level, using vias
(one of which is designated 56) to reach the first level of the
test structure 400. As with the second level thin conductors
42, the first level thin conductors 54 may be formed from the
same or different electrically conductive material.

[0024] To electrically couple the first level bulk metals 34,
36, 38, 40 and the second level bulk metals 46, 48, 50, 52
to allow testing in order to evaluate stress-induced voiding,
the first contact pad 30, located on the first level, is coupled
to the largest bulk metal 52 of the second level bulk metals
46, 48, 50, 52 using a via 58. Similarly, the second contact
pad 32, which is located on the second level, is coupled to
the smallest bulk metal 34 of the first level bulk metals 34,
36, 38, 40 also using a via 60. In addition, to complete the
circuit, the largest bulk metal 40 of the first level bulk metals
34,36, 38, 40 is coupled to the smallest bulk metal 46 of the
second level bulk metals 46, 48, 50, 52, also using a via 62.
In an exemplary embodiment, all of the vias 44, 56, 58, 60,
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62 illustrated in FIG. 4 are formed from tungsten using
conventional techniques, but other materials and techniques
may also be employed.

[0025] Also in the illustrated embodiment, the first and
second level bulk metals 34, 36, 38, 40, 46, 48, 50, 52 cach
comprise first and second portions 64a, 64b coupled
together using metal traces 66 smaller in size than the first
and second portions 64a, 64b to form an “H” structure.
Although not necessary to practice the techniques disclosed
herein, by forming the bulk metals with first and second
portions 64a, 64b, a continuous metal/via chain, and thus a
continuous electrical connection, is maintained in the test
structure 400, while each of the portions 64a, 64b allow for
two-pad measurements in the evaluation of stress-induced
voiding. Other shapes will be apparent to those skilled in the
art with routine experimentation. Techniques employable to
evaluate stress-induced voiding are discussed in greater
detail with reference to FIG. 5. Moreover, although only
four of each of the first and second level bulk metals 34, 36,
38, 40, 46, 48, 50, 52 are illustrated, those who are skilled
in the art understand that any number of bulk metals, and
associated thin conductors 42, 54, may be formed in the test
structure 400, without deviating from the broad scope of this
disclosure. Advantageously, as the number of bulk metals
employed in the test structure 400 increases, the number of
conventional test structures replaced by the novel structure
also increases.

[0026] To manufacture the test structure 400 within or on
the substrates of a semiconductor wafer, the first level bulk
metals 34, 36, 38, 40 may first be formed on a lower level
of the wafer. As mentioned above, in one embodiment,
aluminum may be employed to form the first level bulk
metals 34, 36, 38, 40. The first level bulk metals 34, 36, 38,
40 are formed having various sizes, as illustrated in FIG. 4.
To form the first level bulk metals 34, 36, 38, 40, a blanket
layer of aluminum may first be deposited on the lower level
of the substrate, and then a mask may be formed over
portions of the aluminum layer that are to remain on the
substrate. An etch may then be performed to remove the
unmasked portions, leaving the first level bulk metals 34, 36,
38, 40 bencath the mask. Once the mask is removed, a
dielectric layer may be formed over the first level bulk
metals 34, 36, 38, 40, and the second level components of
the test structure 400 formed over the dielectric layer in a
similar manner.

[0027] In addition, the thin conductors 54 that will be used
to connect the second level bulk metals 46, 48, 50, 52 may
be formed at the same time as the first level bulk metals 34,
36, 38, 40 since they are also on the first level of the test
structure 400. Also, the first level contact pad 30, which is
also on the same level as the first level bulk metals 34, 36,
38, 40 and the thin conductors 54, is also formed. Advan-
tageously, both the thin conductors 54 and the first level
contact pad 30 may be formed using the mask and etch
technique used to form the first level bulk metals 34, 36, 38,
40, and described in detail above. It should be understood,
however, that other techniques may also be employed to
construct the thin conductors 54 and the first level contact
pad 30, as well as the first level bulk metals 34, 36, 38, 40.
Those who are skilled in the art will know variations in
process parameters and techniques for use with the disclosed
method of manufacturing the test structure 400, all of which
are within the scope of this disclosure.
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[0028] Among the possible variations that may be
employed is the manufacture of the first level bulk metals
34, 36, 38, 40 from copper. In such an embodiment, a
damascene process, or dual-damascene process, may be
employed, rather than the photolithographic technique
described above for forming aluminum components. In such
a damascene process, a dielectric layer is first formed over
the wafer substrate using, for example, a chemical vapor
deposition (CVD) process, and openings where the bulk
metals and thin conductors will lay are made in the dama-
scene dielectric layer using conventional photolithographic
and etching techniques. As those who are skilled in the art
understand, due to the different lateral dimensions of such
openings, the patterning step may be performed twice, hence
the “dual-damascene” process. Next, a barrier layer, which
may be comprised of two different layers, may be formed in
the openings to prevent diffusion of the copper into the
surrounding regions of the wafer. Thereafter, the openings
are filled with copper using, for example, a physical vapor
deposition (PVD) process, to form the bulk metals 34, 36,
38, 40 and thin conductors 54. Once filled, excess barrier
material and copper may be polished back to the surface of
the damascene dielectric layer using a wafer polishing
process, such as a chemical-mechanical polishing (CMP)
process.

[0029] After either technique and once the dielectric layer
has been formed over the first level, the vias 44, 56, 58, 60,
62 for the test structure 400 are formed. Specifically, the vias
44, 56, 58, 60, 62 may be formed in the dielectric layer by
masking off certain areas of the dielectric layer. A blanket
photolithographic mask may be deposited over the dielectric
layer, and portions of the mask developed and removed
where the vias 44, 56, 58, 60, 62 are to be formed. An etch
may then be performed to create openings in the dielectric
layer where the mask has been removed. The openings are
etched down through the dielectric layer until the various
metal components previously formed are reached. The open-
ings are then filled with a conductive material, for example,
tungsten, deposited using conventional techniques to create
the vias 44, 56, 58, 60, 62. Any excess via material over-
flowing from the openings may then be removed using a
wafer polishing technique, such as the CMP technique
mentioned above.

[0030] Over the dielectric layer, as well as the vias 44, 56,
58, 60, 62, the plurality of second level bulk metals 46, 48,
50, 52 may then be formed. The second level bulk metals 46,
48, 50, 52 may be formed using aluminum, copper, or other
appropriate metals and alloys, and are formed having vary-
ing sizes, as shown in FIG. 4. As with the first level bulk
metals 34, 36, 38, 40, the second level bulk metals 46, 48,
50, 52 comprising aluminum may be formed by depositing
a blanket layer of aluminum, and then masking portions of
the layer that will remain. An etch may then be used to
removed the unmasked portions, leaving the second level
bulk metals 46, 48, 50, 52 formed on the second level, over
the dielectric layer and over the first level of the wafer.
Alternatively, the second level bulk metals 46, 48, 50, 52
could be formed using a damascene or dual damascene
process as described above.

[0031] In addition, the thin conductors 42 that will be used
to connect the first level bulk metals 34, 36, 38, 40 may be
formed at the same time as the second level bulk metals 46,
48, 50, 52 since they are also on the second level of the test
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structure 400. Also, the second level contact pad 32, which
is also on the same level as the second level bulk metals 46,
48, 50, 52 and the thin conductors 42, may also be formed
using the same mask and etch technique used to form the
second level bulk metals 46, 48, 50, 52. Of course, as before,
those who are skilled in the art will know variations in
process parameters and techniques for use with various
metals, such as a damascene process for copper bulk metal
and thin conductor structures, all of which are within the
scope of this disclosure.

[0032] Turning now to FIG. 5, illustrated is a plan view of
another embodiment of a test structure 500 for evaluating
stress-induced voiding constructed according to the prin-
ciples disclosed herein. The test structure 500 includes a
plurality of first level bulk metals 70 formed on a first level
(the first level is indicated by components having hatch
marks), and a plurality of second level bulk metals 72
formed on a second level, above the first level. Of course, in
other embodiments, the second level may be under the first
level, and test structures constructed according to these
principles are not limited to any particular stacking order.

[0033] As with the embodiment in FIG. 4, the first and
second bulk metals 70, 72 of the test structure 500 comprise
bulk metal structures having varying sizes, e.g., varying
lengths and widths (1 and w). However, now the first level
bulk metals 70 are arranged in decending order, while the
second level bulk metals are arranged in ascending order;
however, other arrangements are still possible. Moreover, as
mentioned above, the variation in length and width between
individual ones of both the first and second level bulk metals
70, 72 may be easily seen in the plan view of FIG. §.

[0034] As before, adjacent ones of the first and second
level bulk metals 70, 72 are coupled together with thin
conductors (one of which is designated 74), each located on
a level opposite the level of the adjacent bulk metal it joins.
Also as before, the first and second level bulk metals 70, 72
are coupled to the thin conductors 74 using vias constructed
at approximately 90 degrees to reach the particular thin
conductor 74 on the opposing level. In addition, the first and
second level bulk metals 70, 72 are each constructed having
first and second portions 76a, 76b, joined by a thin metal
trace 78, to form an “H” structure, as discussed above. The
test structure 500 also includes a first level contact pad 80,
which in one embodiment is a bonding pad. As shown, the
first level contact pad 80 is coupled to the smallest bulk
metal of the plurality of second level bulk metals 72 using
avia 82. Similarly, a second level contact pad 84 is provided,
which may also be a bonding pad, and is coupled to the
largest of the plurality of first level bulk metals 70 using a
via 86. Although vias 82 and 86 are illustrated in FIG. 5 for
purposes of explanation, one skilled in the art will recognize
that the vias are preferably formed substantially normal to
the surface of the wafer and might not be visible in a true
plan view.

[0035] The test structure 500 of FIG. 5 also includes an
advantage in layout not enjoyed by the embodiment illus-
trated in FIG. 4. More specifically, the smallest of the
second level bulk metals 72 is formed proximate and adja-
cent the largest of the first level bulk metals 70. Also, the
largest of the second level bulk metals 72 is formed proxi-
mate and adjacent the smallest of the first level bulk metals
70. In addition, the largest of the second level bulk metals 72
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is coupled to the smallest of the first level bulk metals 70
using a via 88 to electrically complete the circuit of the test
structure 500. By arranging the pluralities of first and second
level bulk metals 70, 72 in this manner, the footprint of the
test structure 500 is beneficially arranged. Specifically, the
placement of each of the bulk metals 70, 72 is carefully
selected so that less wafer real estate is occupied by the test
structure 500 than the test structure 400 of FIG. 4. More-
over, the test structure 500 may be manufactured using a
technique similar to that used to manufacture the test struc-
ture 400 in FIG. 4; however, other techniques are also
within the scope of this disclosure, as mentioned above.
However, regardless of the layout, either the test structure
400 in FIG. 4 or the test structure 500 in FIG. 5 occupies
less wafer real estate than numerous conventional test struc-
tures typically used by employing the pluralities of multi-
level bulk metals having varying sizes in a single test
structure.

[0036] To perform an evaluation of stress-induced voiding
of the interconnections manufactured in semiconductor
wafers, the test structure 500 may be formed on the same
production wafer. Although test structures, such as those in
FIGS. 4 and 5, may be formed on a separate test wafer,
semiconductor manufacturers often prefer to perform their
testing on actual production wafers, to ensure the highest
quality of product for their customers. One embodiment of
a method of evaluating stress-induced voiding using the test
structure 500 includes electrically coupling a first probe (not
shown) to the first level contact pad 80. A second probe (not
shown) is then electrically coupled to the second level
contact pad 84.

[0037] Once the probes are electrically coupled, a small
voltage, for example, about 2 V, may then be applied across
the contact pads 80, 84. Because the contact pads 80, 84 are
electrically coupled through the other components of the test
structure 500, a current passing through the entire test
structure 500 may be measured. From the current measure-
ment and the applied voltage, a resistance of the test
structure 500 may then be calculated. In addition, current
measurements are taken, and resistance calculations are
made, using the test structure 500 under different degrees of
thermal stress. More specifically, resistance calculations
may be taken with the wafer at room temperature, and then
placed under thermal stress by, for instance, baking the
wafer at an ambient temperature of about 175° C. for many
hours. Once under the thermal stress, current measurements
are again made, and resistance values re-calculated, to
determine changes in resistance as a result of the thermal
stress.

[0038] As those who are skilled in the art understand,
stress-induced voiding will induce resistance increases when
the wafer is under thermal stress. As mentioned above, when
bulk metals are formed above thin conductors, stress-in-
duced voiding in the form of tensile stress in the bulk metal
pulling the via away from the thin conductor results in an
increase in resistance across the test structure 500. Likewise,
stress-induced voiding in the form of microvoid migration
when the bulk metal is formed below the thin conductor also
results in an increase in resistance across the test structure
500. Since test structures constructed according to the prin-
ciples disclosed herein include both arrangements of bulk
metals/thin conductors in a single structure (e.g., having
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both components on different levels), stress-induced voiding
present in either form may be detected with the novel test
structure.

[0039] Thus, with test structures constructed according to
the principles disclosed herein, the varying sizes (length and
width) of the pluralities of first and second level bulk metals
permit the establishment of an index regarding the probabil-
ity of failure, due to stress-induced voiding, of the different
sizes. By establishing such an index, semiconductor wafer
manufacturers may then employ this data to determine
probabilities of failure of integrated circuit components and
interconnects produced in the same wafer by the same or
similar techniques. Moreover, with test structures employing
multiple sizes of bulk metals, one single test structure may
be used in place of several conventional test structures, such
as the structure illustrated in FIG. 3. As a result, a far fewer
number of test structures needs to be included in the wafer,
reducing the amount of valuable wafer real estate occupied
by test structures rather than operable circuitry. In addition,
advantageous layouts of the various components of the
novel test structure may also reduce the wafer real estate
used. With less wafer real estate occupied by test structures,
overall wafer yield may be increased, consequently decreas-
ing the overall cost of semiconductor device manufacture.

[0040] Although various embodiments have been
described in detail, those skilled in the art should understand
that they may make various changes, substitutions and
alterations herein without departing from the spirit and
scope of the disclosure in its broadest form. For example,
other metals or conductive materials could be used to form
the various bulk metal, thin conductor and via features
disclosed above. Although two metal levels have been
disclosed, the inventive concept could readily be expanded
to three or more metal levels. The specific “H” pattern and
the use of four bulk metal features per metal level is not
limiting and can be readily expanded upon through routine
experimentation, with the benefit of the teachings provided
herein. For instance, fewer or a greater number of bulk metal
features could be employed per metal level. Additionally,
additional contact pads could be employed to measure
resistance over only a portion of the test structure. Likewise,
although each bulk metal feature is disclosed with only two
vias contacting it, additional vias could be employed to
contact one or more of the bulk metal features. The size,
shape and arrangement of the thin conductors could also be
modified from the described embodiments and yet remain
within the spirit of the invention. The particular embodi-
ments disclosed above are illustrative only, and principles
herein may be modified and practiced in different but
equivalent manners apparent to those skilled in the art
having the benefit of the teachings herein. Furthermore, no
limitations are intended to the details of construction or
design herein shown, other than as described in the claims
below. It is therefore evident that the particular embodiments
disclosed above may be altered or modified and all such
variations are considered within the scope and spirit of the
disclosure. Accordingly, the protection sought herein is as
set forth in the claims below.

What is claimed is:
1. A test structure formed within a semiconductor wafer,
comprising:

a plurality of first level bulk metals having varying sizes,
adjacent ones of the plurality of first level bulk metals
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coupled together using vias connected to second level
thin conductors located therebetween;

a plurality of second level bulk metals having varying
sizes, adjacent ones of the plurality of second level bulk
metals coupled together using vias connected to first
level thin conductors located therebetween,

a first level contact pad coupled to a smallest of the
plurality of second level bulk metals; and

a second level contact pad coupled to a largest of the
plurality of first level bulk metals, a largest of the
second level bulk metals coupled to a smallest of the
first level bulk metals.

2. The test structure as recited in claim 1, wherein the
plurality of first level bulk metals having varying sizes
comprises a plurality of first level bulk metals having
varying lengths and widths, and wherein the plurality of
second level bulk metals having varying sizes comprises a
plurality of second level bulk metals having varying lengths
and widths.

3. The test structure as recited in claim 1, wherein the
plurality of first level bulk metals having varying sizes are
arranged in ascending size, and the plurality of second level
bulk metals having varying sizes are arranged in descending
size.

4. The test structure as recited in claim 1, wherein the first
and second level bulk metals each comprise first and second
portions coupled together using a metal trace.

5. The test structure as recited in claim 1, wherein the first
level bulk metals are located on a level over a level of the
second level bulk metals.

6. The test structure as recited in claim 1, wherein a
smallest of the second level bulk metals is located proximate
a largest of the first level bulk metals, and wherein a largest
of the second level bulk metals is located proximate a
smallest of the first level bulk metals and coupled thereto
using a via.

7. The test structure as recited in claim 1, wherein the first
level contact pad is coupled to a smallest of the plurality of
second level bulk metals using a via, and the second level
contact pad is coupled to a largest of the plurality of first
level bulk metals using a via.

8. A method of manufacturing a test structure within a
semiconductor wafer, comprising:

forming a plurality of first level bulk metals having
varying sizes and a plurality of second level bulk
metals having varying sizes on the wafer;

coupling adjacent ones of the plurality of first level bulk
metals together using vias connected to second level
thin conductors located therebetween;

coupling adjacent ones of the plurality of second level
bulk metals together using vias connected to first level
thin conductors located therebetween;

coupling a first level contact pad to a smallest of the
plurality of second level bulk metals;

coupling a second level contact pad to a largest of the
plurality of first level bulk metals; and

coupling a largest of the second level bulk metals to a
smallest of the first level bulk metals.

9. The method as recited in claim 8, wherein forming a

plurality of first level bulk metals and a plurality of second
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level bulk metals on the wafer comprises forming a plurality
of first level bulk metals having lengths and widths, and
forming a plurality of second level bulk metals having
varying lengths and widths.

10. The method as recited in claim 8, wherein forming a
plurality of first level bulk metals and a plurality of second
level bulk metals on the wafer comprises forming a plurality
of first level bulk metals arranged in ascending size, and
forming a plurality of second level bulk metals arranged in
descending size.

11. The method as recited in claim 8, wherein the first and
second level bulk metals each comprise first and second
portions coupled together using a metal trace.

12. The method as recited in claim 8, wherein forming a
plurality of first level bulk metals and a plurality of second
level bulk metals on the wafer comprises forming the first
level bulk metals on a level over a level of the second level
bulk metals.

13. The method as recited in claim 8, further comprising
locating a smallest of the second level bulk metals proximate
a largest of the first level bulk metals, locating a largest of
the second level bulk metals proximate a smallest of the first
level bulk metals, and coupling the largest of the second
level bulk metals to the smallest of the first level bulk metals
using a via.

14. The method as recited in claim 8, further comprising
coupling the first level contact pad to a smallest of the
plurality of second level bulk metals using a via, and
coupling the second level contact pad to a largest of the
plurality of first level bulk metals using a via.

15. A method of evaluating stress-induced voiding of
metals within a semiconductor wafer, comprising:

contacting a first probe to a first level contact pad coupled
to a smallest of a plurality of second level bulk metals
having varying sizes, adjacent ones of the plurality of
second level bulk metals coupled together using vias
connected to first level thin conductors located ther-
ebetween;

contacting a second probe to a second level contact pad
coupled to a largest of a plurality of first level bulk
metals having varying sizes, adjacent ones of the plu-
rality of first level bulk metals coupled together using
vias connected to second level thin conductors located
therebetween, a largest of the second level bulk metals
coupled to a smallest of the first level bulk metals; and

determining a resistance across the pluralities of first and
second level bulk metals using the first and second
probes.

16. The method as recited in claim 15, further comprising
contacting a first probe to a first level contact pad coupled to
a smallest of a plurality of second level bulk metals having
varying lengths and widths, and contacting a second probe
to a second level contact pad coupled to a largest of a
plurality of first level bulk metals having varying lengths
and widths.

17. The method as recited in claim 15, wherein the
plurality of first level bulk metals having varying sizes are
arranged in ascending size, and the plurality of second level
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bulk metals having varying sizes are arranged in descending
size.

18. The method as recited in claim 15, wherein the first
and second level bulk metals each comprise first and second
portions coupled together using a metal trace.

19. The method as recited in claim 15, wherein a smallest
of the second level bulk metals is located proximate a largest
of the first level bulk metals, and wherein a largest of the
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second level bulk metals is located proximate a smallest of
the first level bulk metals and coupled thereto using a via.

20. The method as recited in claim 15, wherein the first
level contact pad is coupled to a smallest of the plurality of
second level bulk metals using a via, and the second level
contact pad is coupled to a largest of the plurality of first
level bulk metals using a via.

#* #* #* #* #*
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