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Manning; Thomas H. Jones
[57] ABSTRACT

A system is provided for use with wafers that include
multiple integrated circuits that include two conductive
layers in contact at multiple interfaces. Contact chains
are formed beside the integrated circuits, each contact
chain formed of the same two layers as the circuits, in
the form of conductive segments alternating between
the upper and lower layers and with the ends of the
segments connected in series through interfaces. A cur-
rent source passes a current through the series-con-
nected segments, by way of a pair of current tabs con-
nected to opposite ends of the series of segments. While
the current flows, voltage measurements are taken be-
tween each of a plurality of pairs of voltage tabs, the
two tabs of each pair connected to opposite ends of an
interface that lies along the series-connected segments.
A plot of interface conductances on a normal probabil-
ity chart, enables prediction of the yield of good inte-
grated circuits from the wafer.

12 Claims, 8 Drawing Figures
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1
CROSS-CONTACT CHAIN

ORIGIN OF THE INVENTION

The invention described herein was made in the per-
formance of work under a NASA contract, and is sub-
ject to the provisions of Public Law 96-517 (35 USC
202) in which the Contractor has elected not to retain
title.

BACKGROUND OF THE INVENTION

A wafer containing numerous integrated circuits, will
generally include at least two conductive (or semi-con-
ductive) layers, one lying above the other and separated
by an insulator, and with the layers interconnected at
numerous interfaces. High resistance at such interfaces
is a major source of defects. One way to measure inter-
face resistance is to form one or more contact chains on
the wafer, at locations adjacent to some or all of the
integrated circuits. Each contact chain has many con-
ductive segments formed in each layer, and the conduc-
tive segments are connected in series by interfaces be-
tween the layers. A pair of tabs is provided at opposite
ends of a chain containing the many interfaces in series,
and the resistance between the tabs is measured. While
this can indicate the existance of a catastrophic failure (a
very high resistance interface), it does not provide in-
formation as to the resistence at each of the many inter-
faces.

The detection of the resistance at each of several
interfaces can be made by providing four pairs of termi-
nals or tabs for each interface. Current can pass between
a first pair of tabs while the voltage is measured across
the other pair of tabs, to determine the resistance across

5

20

25

30

that interface. However, the need for a large number of 35

tabs such as 44 tabs for testing 11 interfaces, gives rise to
the problem that there may not be sufficient room on
the wafer for so many tabs. A system which facilitated
the measurement of resistance across each of numerous
interfaces while minimizing the number of tabs re-
quired, and simplified the test instrument requirements,
would facilitate the testing of integrated circuits. The
utilization of such interface measurements to predict the
yield of integrated circuits, would be of further value.

SUMMARY OF THE INVENTION

In accordance with one embodiment of the present
invention, a system is provided for facilitating the test-
ing of integrated circuits, and in particular the interfaces
between different conducting (or semi-conducting) lay-
ers of a circuit. A contact chain can be established be-
side an integrated circuit, the chain including a plurality
of conductive segments formed in the two layers, and
interfaces between the two layers for conducting seg-
ments in alternate layers in series. A first and last con-
ductive tab is connected to the end of the chain to en-
able a current to be passed along the chain through its
interfaces. A plurality of pairs of voltage tabs are pro-
vided which connect to the two different layers at each
interface along the chain, to enable a voltage measure-
ment to be made across a corresponding interface.
While a current is passing along the length of the chain,
the instrument makes voltage measurements across the
pairs of voltage tabs, to thereby measure the resistance
or conductances across each of the interfaces.

The conductances measured across the numerous
interfaces can be plotted on a normal probability graph,
with each point on the graph having an ordinate equal
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to the conductive across an interface, and with points of
progressively lower conductance having abscissas pro-
gressively further from a minimum abscissa value of the
graph. A straight line passing approximately through
the points, can be extended to indicate the probability
that one of the interfaces will be below a level required
for operation of a circuit containing the interface. This
enables a determination of the probability of a cata-
strophic failure of an integrated circuit containing the
interfaces.

The novel features of the invention are set forth with
particularity in the appended claims. The invention will
be best understood from the following description when
read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a simplified plan view of a workpiece con-
structed in accordance with the present invention.

FIG. 2 is a sectional side view of an interface in the
workpiece of FIG. 1.

FIG. 3 is a plan view of a portion of a test circuit of
the workpiece of FIG. 1, with the lower layer high-
lighted by cross hatch-like lines.

FIG. 4 is a plan view similar to that of FIG. 3, but
showing additional portions of the test circuit.

FIG. 5 is a partial perspective view of the test circuit
portion of FIG. 3.

FIG. 6 is an enlarged view of a portion of the circuit
of FIG. 5.

FIG. 7 is a diagrammatic view of a test instrument
useful with the test circuit of FIG. 3.

FIG. 8 is a normal probability graph of conductances
versus probability, that can be constructed from data -
obtained with the test instrument of FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates a workpiece 10 in the form of a
wafer or substrate which contains many integrated cir-
cuits 12. Each integrated circuit includes a pair of con-
ductive (possibly semi-conductive) layers that are sepa-
rated with one below the other, but with the layers in
contact at interfaces.

FIG. 2 illustrates a portion of such an arrangement,
wherein a first level (Schottky) metal layer 16 lies
below a second level metal layer 14, the two layers
being isolated by an insulator 18. The insulator 18 has a
hole 26 (“Vias™) which is plated by a conductor 22 such
as a portion of the upper layer 14. The conductor 22
makes contact with the lower layer 16 at an interface 24.
The resistance at the interface 24 is preferably as low as
possible, but may be unexpectedly high due to oxides
and residues. It is such high resistance, or low conduc-
tance, at an interface, which is a major source of faults
in the integrated circuits. The interface resistance can
be measured by passing a current between opposite ends
25, 27 of the interface, and measuring the voltage be-
tween the interface opposite ends.

In order to determine the condition of the interfaces,
test circuits (FIG. 1) can be formed on the same work-
piece 10 which contains the integrated circuits. The test
circuit includes regions of the upper and lower layers
14, 16 and interfaces 24 between them. The test circuit
also has conductive terminals or tabs on the surface of
the workpiece, where test instruments can make contact
with the tabs to measure resistance at the interfaces. It
may be noted that the test circuits 30 may be placed
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along “saw” lines lying between the integrated circuits,
where they will be sawed apart, so as to avoid taking up
space that might otherwise be occupied by additional
integrated circuits. In order that each test circuit can
include numerous interfaces, and the resistance across
each interface can be individually measured, a consider-
able number of test tabs are required. It is desirable that
the number of test tabs be minimal, so they occupy a
minimum of space on the workpiece.

FIG. 3 illustrates a portion of a test circuit 30 of the
present invention. The circuit includes numerous con-
ductive tabs labeled Ty, T, etc., that are all formed in
the upper layer 14. As also shown in FIG. 5, a conduc-
tive strip 32 is formed in the top layer 14 between tabs
Tiand T,. Another conductive strip 34 is formed in the
bottom layer 16 and joins the tabs T3 and T4 through
interfaces. A third conductive strip 36 in the upper layer
joins tabs Ts and Ts. The conductive strips have con-
ductive segments 40, 41, 42, 43, etc., which alternate
between the upper and lower layers 14, 16 and which
are interconnected by interface joints or interfaces 51,
52, 53, etc. These interfaces 51, 52, etc., are interfaces
whose resistance or conductance can be measured by
the method and apparatus of the present invention.

As indicated in FIG. 3, one way for measuring the
interface resistance across the interface 51 is to pass a
current “i” between tabs T; and T4, so that current
passes through the interface 51. While such a current is
flowing, a volimeter 62 is connected to tabs T> and Ts.
Tab Tz is connected to the upper layer at the interface
51, while tab T3 is connected through an interface 64
and conductive segment 41 to the bottom layer at the
interface 51. Since current is flowing between the top
and bottom layers at the interface 51 and the voltmeter
is connected to the upper and lower layers at the inter-
face, the voltage is proportional to the resistance across
the interface. For example, if the current i is 100 micro-
amperes and the voltage measured by the meter 62 is 10
microvolts, then the resistance across the interface 51 is
0.1 ohms and the conductance is 10 mho. While it is
possible to repeat this procedure for each of the inter-
faces 51, 52, etc., applicant simplifies the procedure by
passing a current through the entire chain of conductive
segments and then measuring the voltage across the
pairs of tabs connected to opposite sides of each inter-
face. By applying current only once, applicant avoids
the additional time required in each application of cur-
rent, to wait for the current to settle down to a steady-
state condition.

FIG. 4 illustrates a preferred test set-up for a test
circuit 30 containing eleven interfaces whose resistance
can be measured. The conductive segments 40, 41, 42,
etc., are arranged along an imaginary line segment 81,
with a pair of current tabs T, T3 at opposite ends, and
with voltage tabs along opposite sides of the line seg-
ment. A current source 70 is applied between tabs T2
and T>3, so the current flows between conductive strips
40, 41, 42, etc., located on the alternate layers, with the
current flowing through the interfaces 51-60, etc., in
passing between the layers. This establishes a predeter-
mined current through each of the eleven interfaces
51-60.

While the current is flowing, a voltmeter 62 measures
the voltage between a pair of tabs T and T4 which are
in contact with opposite sides of the interface 51. After
this voltage measurement, the voltmeter is connected
between a next pair of tabs T3 and Tg to measure the
voltage across interface 52. The voltage measurements
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4
continue across the tab pairs Tsand T, and T7and T,
and so forth, until the tabs T3] and T24. Thus, the test
chain which enables the measurement of resistance or
conductance across each of eleven interfaces, requires
eleven pairs of tabs plus two tabs for the current source.
Since the voltmeter 62 has a very high input impedence,
its connection to the different pairs of tabs creates negli-
gible transients, and the measurement of voltages across
eleven pairs of tabs can be conducted rapidly. After the
voltages across one test circuit 30 are completed, the
test instrument can be moved to another test circuit on
the wafer by lifting its twenty-four contacts off the tabs
T1-T24 of one test circuit and repositioning them on the
test tabs of the next circuit.

It can be seen in FIG. 5 that the conductor portion,
such as 72, which leads from the location where an
interface 52 contacts the lower layer 16, to a voltage tab
extends from a side of the interface. The portion 72
extends along a path that is substantially separate from
the series-connected strips such as 41, so current passing
through the series-connected strips does not pass sub-
stantially through the voltage tabs (only a very small
current—at least an order of magnitude less than that in
the strips 41, 42, etc.—required to make a voltage mea-
surement, passes through the portion 72). FIG. 6 shows
the general paths 73, 74, 75 of current flow between the
conductive strip 41 and the interface conductor 22
which extends up to the upper layer. Much of the cur-
rent i flows into the “front” 76 of the interface, while a
significant portion flows into the sides 77, 78 of the
interface. Very little current flows into the rear 79.

The lower layer 16 is generally of a material of much
higher resistivity than the upper layer 14. Accordingly,
a voltage measurement taken a small distance from the
front 76 will include a voltage drop due to current flow
through a length of the resistive strip 41. On the other
hand, a voltage measurement taken a distance from the
rear 79 where there is almost no current flow, will not
include some of the voltage drop caused by currents
73-75 passing through the front and sides of the inter-
face. Applicant takes a voltage measurement from a side
77 (which leads to conductor portion 72 which extends
to tab T3), whose voltage is affected by much of the
voltage drop through the interface but very little of the
voltage drop along the current carrying strip 41. Hav-
ing the conductor 72 extending from a location angled
about 90° from the “front” location 76, with respect to
an interface axis 81 normal to the lower layer and pass-
ing through the center of the interface, also enables the
same voltage measurement whether from one side 77 or
the other 78. In one test circuit, the conductors 41, 72
have a width W of three microns, while the interface
has a width I of two microns.

FIG. 7 is a simplified diagram of a test instrument 80.
The instrument has twenty-four contacts labeled
C1-Cz4 which match the twenty-four tabs on a test
circuit. A current source 70 is connected across the tabs
Czand Cp3. A group of relays 82, 84, 86, 88, etc., can be
alternately closed to connect a pair of contacts such as
Ci and C4to an amplifier 90. The output of amplifier 90
can be delivered to a voltmeter 60, a memory 92, and a
plotter 94. After each voltage measurement is taken,
one of the relays 82 is opened, and the next relay such as
84 is closed. A control 96 turns on the current source 70,
waits a short period of time for the current to settle, and
then cycles the relays 82, etc., in sequence.

A wafer 10 (FIG. 1) may contain eighty-eight inte-
grated circuits and eighty-eight test circuits 30, with
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each test circuit having perhaps eleven interfaces whose
resistance is measureable. Thus, about one thousand
interface resistance, or conductance, measurements can

be made. Such a large number of measurements can be

used to predict the probability of the integrated circuits
failing because of excessive resistance at one of their
interfaces. Each integrated circuit may have perhaps
1,000 interfaces. As shown in FIG. 8, applicant estab-
lishes a predetermined minimum interface conductance
level such as 1 mHo (1 ohms resistance), or even 0 mho,
at which an integrated circuit is likely to fail. The con-
ductance measurements at the eleven interfaces of each
of the eighty-eight test circuits is then plotted on a
normal probability graph of the type shown in FIG. 8.
The conductance for each interface equals the current
passing through the interface divided by the voltage
between a pair of tabs that are connected to opposite
ends of the interface.

A multiplicity of points 100 are established on the
graph of FIG. 8, with each point having an ordinate R
equal to the conductance measured in a measurement.
Points of progressively lower conductance have: an
abscissa A that is progressively further from a minimum
abscissa value 102. The points are spaced apart along
the abscissa at probability intervals S about equal to one
divided by the total number of points. Thus, if 1,000
measurements are taken, the first point 104 (of greatest
conductance) will be at the abscissa value of 0.001, or
0.1%. The next point 106 will be at the abscissa value
0.2%, etc. When plotted on a normal probability graph
of the type shown in FIG. 8, points further from the
minimum abscissa level will be progressively closer
together up to the probability of 50%; beyond 50% the
points will be progressively further apart in the abscissa
direction. An imaginary straight line 110 is fitted to the
curve so that it is close to lying on all of the points (at
least the majority of points of lowest conductivity). The
line 110 can be extended to provide a useful measure-
ment. o

It can be seen in FIG. 8 that the point 112 represent-
ing the lowest conductance for all 1,000 measurements
is still considerably above the lowest acceptable level
which is one mho. (If the lowest acceptable level is
much less than 10 mho, zero can be used as the lower
level). The extension portion 114 of the line 110 will
intercept the minimum conductance level at a point 116
(representing five nines, or 99.999%). The probability
of an interface having such a low conductance is indi-
cated along the abscissa of the graph at the point 116,
where the probability is 1—99.999% ==0.001%. In other
words, the probability is 1/100,000 that an interface
conductance will drop below the minimum permissible
level for circuit operation. Where each integrated cir-
cuit has 1,000 interfaces, this indicates that only 1 circuit
out of 100 is likely to have a failure. FIG. 8 shows an-
other graph 120 for the test circuits on another wafer,
where the average conductance is lower than in the
graph 110. However, the line 120 connecting conduc-
tances arranged in order of conductance on the proba-
bility graph, shows a smaller slope of conductivity de-
crease with order of probability. The graph 120 inter-
sects the minimum conductance level at the point 122,
where the probability is 99.9999%, meaning that the
probability of an interface failure is 1/1,000,000. The
normal probability graphs of FIG. 8 can be plotted by
hand or by a plotter as shown at 94 in FIG. 7.

Thus, the invention provides a test method and appa-
ratus for facilitating the testing of interfaces between a
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6

pair of at least partially conductive layers on a work-
piece which holds one or more integrated circuits. A
test circuit includes a contact chain with multiple con-
ductive segments alternating between the different lay-
ers and connected in series through interfaces connect-
ing the beginning of a segment on one layer to the end
of a segment on another layer. The chain includes a pair
of end tabs at opposite ends of the chain of conductive
segments, for passing a current through the chain, and
pairs of tabs spaced along the chain and that are con-
nected to the opposite sides of each interface along the
chain. A test instrument includes a current source for
passing current between the end tabs and contacts for
measuring the voltages across each pair of tabs that are
connected to the opposite sides of each interface along
the chain. The conductance measurements can be plot-
ted on a normal probability graph with measurements of
lower conductivity spaced progressively along the ab-
scissa. A straight line drawn through the points will
then pass through a minimum conductance level at a
discernable probability level. One minus that probabil-
ity equals the probability of failure of a single interface
on the workpiece, such as in a test circuit or the inte-
grated circuit.

Although particular embodiments of the invention
have been described and illustrated herein, it is recog-
nized that modifications and variations may readily
occur to those skilled in the art, and consequently, it is
intended that the claims be interpreted to cover such
modifications and equivalents.

What is claimed is:

1. In combination with a substrate having an inte-
grated circuit which includes separated upper and
lower conductive layers and multiple interfaces be-
tween them, a test circuit which also includes said upper
and lower layers, comprising:

a plurality of conductive strips formed in both said
upper and lower layers, and a plurality of interfaces
each connecting an end of a strip in one layer to an
end of a strip in another layer, said strips being
connected in series through said interfaces;

a pair of current tabs formed in said upper layer and
connected to opposite ends of said series-connected
strips, to provide tabs for passing a current through
the series-connected strips;

a plurality of pairs of voltage tabs formed in said
upper layer, first means for connecting one tab of
each pair to an end of a conductive strip that is
formed in said lower layer and that lies at an inter-
face, and second means for connecting the other
tab of the pair to the end of the conductive strip
that is formed in said upper layer and that lies at the
same interface, said first and second means each
extending along a path that is substantially separate
from said strips so the current passing through said
strips does not pass substantially through said first
and second means.

2. The combination described in claim 1 wherein:

said first means comprises a conductor portion
formed in said lower layer and which extends away
from said interface at an angle of about 90° from
the angle at which said conductive strip in said
lower layer extends away from said interface, with
respect to an imaginary axis that is normal to said
lower layer and that passes through said interface.

3. The combination described in claim 1 wherein:

said strips are located along an imaginary line seg-
ment, said current tabs are located at the opposite
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ends of said line segment, and the voltage tabs of
each pair are located on opposite sides of the line
segment.

4. The combination described in claim 1 including:

a test instrument having a current source and having
contacts which can engage said current tabs to pass
a current between them;

said test instrument also having pairs of voltage
contacts arranged to contact said pairs of voltage
tabs, voltage measuring means, and means for se-
quentially connecting different pairs of said voltage
contacts to said voltage measuring means.

5. In combination with a workpiece having at least
two layers that are each at least partially conductive,
and which includes an integrated circuit formed of
portions of said two conductive layers and multiple
spaced interfaces between the layers, a test circuit com-
prising:

a contact chain comprising portions of said two lay-
ers in the form of a plurality of spaced conductive
strips in each layer and multiple interfaces connect-
ing strips of different layers in a series connection,
said contact chain also having multiple pairs of
easily accessible voltage tabs, with each pair con-
nected to the opposite ends of an interface;

means for passing a current in series through said
muliiple interfaces of said contact chain, which
establishes a voltage between each of said pairs of
voltage tabs; and

means for measuring the voltage between each of said
pairs of voltage tabs, while said current continues
to pass through said interfaces.

6. The combination described in claim 5 wherein:

said contact chain interfaces are arranged substan-
tially along an imaginary line segment of limited
length, and said voltage tabs are arranged along
opposite sides of said line segment; and

said contact chain includes two current tabs con-
nected to opposite ends of said chain, said means
for passing current includes a pair of contacts posi-
tioned to contact said current tabs.

7. The combination described in claim 5 including:

making a total number of measurements of voltage
between pairs of said voltage tabs and calculating a
conductance for each measurement equal to the
current passing through an interface divided by the
voltage between a pair of tabs connected to the
opposite ends of the interface;

means for plotting, on a normal probability graph,
said conductance measurements, including means
for establishing a multiplicity of points on said
graph with each point having a position along an

ordinate of the graph equal to the conductance of a
measurement, and with points of progressively
lower conductances located progressively further
along the abscissa of the graph at spacings of about
one divided by the total number of measurements;
means for establishing a probability number, along
the abscissa of the graph, where a straight line
which extends substantially through said points,
intersects a substantially zero conductance level.
8. A method for testing a workpiece which includes a

substrate and an integrated circuit on said substrate, said
integrated circuit having at least two conductive layers
and multiple spaced interfaces between the layers, com-

prising:
establishing a contact chain on said substrate, wherein
the contact chain includes two conductive layers of
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the same material as said two conductive layers of
said integrated circuit, and said chain includes mul-
tiple interfaces between said conductive layers of
said chain, including establishing pairs of accessible
voltage conductive tabs with the two tabs of each
pair connected to the two opposite ends of each of
a plurality of chain interfaces;

said step of establishing including establishing a series
of conductive path segments that connect said
chain interfaces in series, and establishing a pair of
accessible current conductive tabs at opposite ends
of said series of conductive path segments, said
series of conductive segments arranged so alternate
segments are formed in alternate ones of said chain
conductive layers;

passing a current between said current tabs, so said
current flows through said chain interfaces; and

measuring the voltage difference between each of
said pairs of voltage conductive tabs, while said
current is passing between said current tabs.

9. The method described in claim 8 wherein:

said step of establishing a contact chain includes es-
tablishing said conductive segments so they lie
substantially on an imaginary line segment;

said step establishing voltage tabs includes extending
a conductor portion in the lower layer which ex-
tends away from the lower layer in an interface, in
a direction that is substantially perpendicular to
said imaginary line segment, and connecting an end
of said conductor portion which is opposite said
interface to one of said voltage tabs of a pair.

10. The method described in claim 8 wherein:

said step of measuring the voltage difference includes
contacting each of a plurality of pairs of test instru-
ment contacts with said pairs of voltage tabs, and’
subsequently connecting each of said test instru-
ment contact pairs to a voltage measuring device
while said current is passing between said current
tabs.

11. The method described in claim 8 wherein:

said step of measuring the voltage difference includes
plotting a conductance, equal to a ratio of said
current to the voltage difference in each measure-
ment as a point on a normal probability graph, with
each point having an ordinate equal to the conduc-
tance derived from a measurement, and with points
of progressively lower conductance having an
abscissa progressively further from a minimum
abscissa value of the graph, at spacings about equal
to probability intervals along the abscissa of the
graph.

12. In a method for testing an integrated circuit on a

workpiece, where the circuit includes at least two con-
ductive layers and multiple spaced interfaces between
the layers, by taking measurements of the conductances
at each of a multiplicity of interfaces between two cor-
responding conductive layers along a test chain on the
workpiece, the improvement comprising:
establishing a predetermined interface conductance
level which is below an interface conductance
required to enable integrated circuit operation;
plotting, on a normal probability graph, said conduc-

tance measurements, including establishing a pre-
determined number of points on said graph with
each point having an ordinate equal to the conduc-
tance measured in a measurement, and with points
of progressively lower conductance having an
abscissa progressively further from a minimum
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abscissa value of the graph, at spacings about equal interface conductance level, whereby to obtain an
;c; iﬁ;x; divided by said predetermined number of indication of the probability that each interface of
establishing a probability number along the abscissa tl?e mtegrated.cucult will .have a conductance no
where a straight line extending substantially 5 higher than said predetermined conductance level.
through said points intersects said predetermined R T
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