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Abstract
Analysis of IC technology trends indicates that Iddq testing
may be approaching its limits of applicability. The new con-
cept of the current signature may expand this limit under
the condition that an appropriate current-signature-based
test methodology is developed. This paper is a first step
toward such a goal. It is focused on current signature step
detection in a noisy test environment. Application of current
signatures in die selection and defect diagnosis is discussed
as well.

1 Introduction
A great deal of attention has been devoted recently to

the demise of Iddq testing. The reason is the diminishing
difference between the Iddq currents of good and defective
devices caused by increasing device off-current with
decreasing minimum feature sizes [1]. At the same time,
Iddq’s ability to detect defects that are difficult to detect
with voltage testing is more important than ever. For
instance, gate oxide defects, known to be difficult to detect
with voltage tests [2-4], are likely to become more impor-
tant due to the expected decrease in gate oxide thickness.

As technology advances, defect sensitivity, such as that
provided by Iddq testing in the past, is increasingly needed
not only for testing, but also for defect diagnosis. The SIA-
prescribed requirement to keep the cost per transistor con-
stant while feature sizes decrease and die sizes increase
make high yields a must [5,6]. The trend toward shorter
windows between introductions of one new product and the
next makes imperative not just high yields, but rapid yield-
learning. To achieve rapid-yield learning, fast, successful
defect diagnosis must be accomplished [7]. The increasing
frequency of occurrence and importance of low-current-
causing defects, however, makes traditional test-based tech-
niques less and less effective. In addition, increasingly com-
plex functions on larger chips make creating test sets for
defect location more and more difficult. These facts com-
bined indicate a need for new defect diagnosis techniques
that can handle low-current defects without placing strict
new requirements on diagnostic test sets.

The notion of the current signature was introduced in

[8]. Current signature testing seems to be a powerful con-
cept (especially in the presence of high IC “normal” back-
ground current) because it uses the difference between
consecutive Iddq measurements rather than current values
themselves to detect a defect. Consequently, even a rela-
tively small Iddq “abnormality” can be used to indicate a
defective IC even if the “normal” background current is
high. Of course, the difficulty is in distinguishing between
defect-generated Iddq differences and natural differences
caused by measurement noise or differences which are due
to normal circuit operation.

Current signatures provide insight into the physical
nature of the mechanism causing elevated Iddq. In doing so
they make it possible to discriminate between dies with dif-
ficult-to-detect but harmful defects from other dies that con-
tain no such defects. They also provide a more detailed
description of Iddq results than the traditional description, a
pass/fail (below/above a threshold) on each test vector. This
more detailed description can be used in concert with defect
location methodologies, such as those described in [9-17] to
improve the resolution with which defects can be diagnosed.

 The current signature is a tool which has strong poten-
tial for extending the useful life of Iddq testing; however, the
potential can be realized only if an appropriate current-sig-
nature-based test methodology is developed. This paper is a
first step toward that goal.

The paper is organized as follows. Section 2 begins with
a brief explanation of the basic current signature concept.
Section 3 follows with a more detailed discussion of the
potential usefulness of current signatures for die selection
and defect diagnosis. Section 4 then discusses practical
application of current signatures in a realistic test setting.
Section 5 finishes with some conclusions.

2 Current signature concept [8]
A die’s current signature uses all Iddq measurements,

rather than making a comparison to a single threshold Iddq
value. It is created by ordering all the Iddq measurements by
magnitude. Doing so presents the Iddq results in a form that
is useful for observing steps between groups of measure-
ments of similar magnitude.

Figure 2 shows current signatures for defect-free and
defective versions of the very simple example circuit shown



in Figure 1 (assumed to be built with minimum-sized tran-
sistors). The circuit in Figure 1a is defect-free and has a
single-level current signature of very low magnitude. The
circuit in Figure 1b has a multilevel signature, with a low
level corresponding to input combinations that do not turn
on the pull-down path and higher levels corresponding to
input combinations that do turn on the pull-down path. The
circuit in Figure 1c has a single level current signature of
higher magnitude, depending on the value of the resistance
of the short.

It is clear from the example circuits that key informa-
tion about the defect in a static CMOS circuit is contained
in the number of levels of static current and the magnitude
of the levels of static current. Current signatures provide a
convenient form for depicting such characteristics and, as a
result, should be useful for both die selection and defect
diagnosis purposes.

3 Current signature potential

3.1 Die selection
In order to support the claim that current signatures are

applicable for die selection purposes, it is useful to distin-
guish between two types of current faults: those caused by
“passive” defects and those caused by “active” defects.

We consider passive defects to be those defects that
involve only non-switching nodes of the circuit. They pro-
vide a direct, static current path between Vdd and GND and
produce a constant level of current on all test vectors.
Examples include direct shorts between Vdd and GND and
leaky non-switching reversed-biased pn junctions, such as
between the well and substrate. Figure 1c shows an exam-
ple of a circuit with a passive defect.

“Active defects,” on the other hand, involve switching
nodes of the circuit. A short between a switching node and
any other node is an example of an active defect. Figure 1b
shows an example of a circuit with an active defect.

Observe that because passive defects do not involve
switching nodes of the circuit, they do not have a direct
impact on the quality of information-carrying signals in the

circuit and, as such, are unlikely to cause a fault. On the
other hand, “active” defects do affect switching nodes and
therefore may cause performance failure. Our goal in die
selection, then, will be to reject dies that have active
defects, without rejecting those that have only passive
defects or no defects at all (i.e., only pn junction and sub-
threshold background leakage current).

 Figure 3 explains our die selection goals. Assume that
there is some low level of current, lower than any active
defect-related current (line a). Assume also that there is
some other level of current that always indicates the exist-
ence of an unacceptable defect (line b). This limit could be
set, for example, to handle concern for static power dissipa-
tion or reliability.

Region B, which lies in between these two limits, is the
region of interest for current signatures. This is the region
where the currents are lower than the highest acceptable
background leakage or passive defect current, but high
enough to indicate the possible existence of an unaccept-

Figure 1. Defect-free (a) and defective circuits (b and c).

B C

A

A

B

C

B C

A

A

B

C

B C

A

A

B

C

Rd
Rd

(a) (b) (c)

Figure 2. Current signatures for circuits in Figure 1.
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able defect. In this region, we need to distinguish dies con-
taining active defects from those not containing active
defects. Note that these are defects that would be missed by
traditional Iddq testing, unless the Iddq limit is set at line a,
in which case a substantial quantity of good dies would be
rejected.

We say that a defect is “activated” when the required
transitor(s) is turned on so that abnormal current flows due
to the presence of the defect. We call the path through
which the static current flows the “activation path.” The
active defect in Figure 1b has three different activation
paths. Note that a passive defect is always activated and
provides its own activation path. We use the term “leakage
path” to cover both the background leakage current that
flows when there is no defect on a circuit or when no defect
is activated and the activation paths associated with active
and passive defects.

Note that there are exceptional cases where an active
defect is always activated, such as a short between an
inverter input and output. Nevertheless, such shorts will
still nearly always have multiple activation paths, because
the driver and/or following gates will provide different acti-
vation paths.

Given the above terms, we can say that a circuit with an
active defect is characterized by having more than one leak-
age path. Observe that the presence of more than one leak-
age path is reflected as a “step” in a current signature. As a
result, one can detect the vast majority of active defects by
detecting a step in the current signature.

3.2 Defect diagnosis
Current signatures are useful for defect diagnosis pur-

poses because they provide a mechanism for reading key
information about the leakage paths that exist on a die from
the results of Iddq testing. This information can be used to
increase the resolution of Iddq defect-location algorithms,
such as those described in [9-17]. To illustrate this applica-
tion, we refer to Figure 4a and Table 1. The circuit in Fig-
ure 4a is assumed to be built with minimum-sized
transistors. The goal is to distinguish between two different
defects: D1, a zero resistance bridge between node x and
Vdd, and D2, a zero resistance bridge between node y and
GND. The test set assumed to be applied is shown in the
first column of Table 1. Column 2 gives the result of single-
threshold Iddq testing on each vector in the presence of D1.
Column 3 provides the same information in the presence of
D2. The fact that the results are identical for the two defects
demonstrates that they cannot be distinguished based on
single-threshold Iddq results under the given test set (which
happens to be exhaustive).

(Note that the two defects cannot be distinguished via
voltage test diagnosis either, where D1 is modeled as a
stuck-at-1 and D2 is modeled as a stuck-at-0. Both defects
result in the output of the circuit being stuck-at-1 for any

input vector.)
Figure 4b and Figure 4c show the current signatures

that result under the given test set. With D1 present, all
defect current will flow through the defect and some subset
of the pull-down network of the NOR. Because D1 is
shorted to Vdd, no Iddq will flow in the inverter. D1 creates
three unique leakage paths, which are labelled on the figure
q, r and s. For D2, all defect current will flow through the
inverter PMOS device and the defect. Because D2 is
shorted to GND, no Iddq will flow in the NAND. D2 cre-
ates two unique leakage paths, labelled u and v. Columns 4
and 5 of Table 1 give the current signature results for the
circuit in the presence of D1 and D2, respectively. In the
presence of D2, input vectors 3-8 give the same result,
while in the presence of D1, input vectors 7 and 8 give a
different result from that of vectors 3-6. This difference in

Table 1. Test results for example circuit

Inputs
Single threshold
Iddq test results

Current signature
results (level labels)

A B C D1 D2 D1 D2
0 0 0 pass pass q u
0 0 1 pass pass q u
0 1 0 fail fail r v
0 1 1 fail fail r v
1 0 0 fail fail r v
1 0 1 fail fail r v
1 1 0 fail fail s v
1 1 1 fail fail s v

A
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y
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u

(b)

Figure 4. Example faulty circuit that contains either one of
two possible zero resistance bridge defects (a); current
signatures for example circuit in presence of D1 (b) or D2 (c).
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the results indicates that the two defects are distinguishable
using current signatures. (Note that we do not need to pay
attention to the absolute magnitudes of the current, only to
the existence of “steps” and which vectors correspond to
each step.)

4 Practical application
From the above discussion, we can conclude that the

key to both die selection and defect diagnosis is step detec-
tion. For die selection, a step indicates the existence of at
least two distinct leakage paths and that, in turn, indicates
the presence of an active defect. For defect diagnosis, a step
indicates a change between groups of measurements taken
from one leakage path and those taken from another. Find-
ing and characterizing all the steps means finding and char-
acterizing all the leakage paths.

As discussed in Section 2, a step in a current signature
is a difference between two consecutive measurements
when all measurements are sorted according to magnitude.
However, it is possible for two measurements to be differ-
ent even if they are from the same leakage path. The first
reason for the existence of such a difference is measure-
ment noise. The second is that background current is not
constant; instead it depends on circuit structure. This sec-
tion discusses methods for finding and characterizing steps
in the presence of these two obstacles.

To support our discussion we use both artificially syn-
thesized and real die Iddq measurements. The real die
examples are taken from an extensive CMOS circuit test
experiment [19,20]. In this experiment, a large static
CMOS circuit was tested with a number of testing methods,
including Iddq measurements executed on almost 200 vec-
tors. The Iddq measurements were repeated at three differ-
ent test levels: at the wafer level, after the dies were
packaged, and after the dies underwent burn-in. Voltage
tests were also applied.

4.1 Noise
In reality, the same leakage path can produce different

measured current each time it is sampled due to noise in the
measurement system. We assume the noise follows a nor-
mal distribution. Iddq measurements made on a real prod-
uct support this assumption. Figure 5 shows an example.

To depict a typical current signature obtained from a

noisy test environment, Figure 6 shows an artificially syn-
thesized illustration of measurements made on a circuit that
has a gate affected by a defect similar to the one shown in
Figure 1b. The measurements are shown in execution order
in Figure 6a. We assume there are four leakage paths in the
defective circuit, where the measurements taken on each of
the four paths are represented with different plotting sym-
bols. Figure 6b shows the same measurements sorted by
magnitude. Here we assumed the range of currents in each
path to be due to noise.

In reality, the pattern from Figure 6 can be seen on a
large number of defective dies. One of them is shown in
Figure 7, where essentially all Iddq signature steps can be
distinguished fairly easily (because the defect-generated
step in the signature is much above the noise level).

Figure 8, on the other hand, shows an example of a die
with a passive (i.e. no-step) current signature. Here, we
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Figure 5. 300 measurements on a single vector on a single die.
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Figure 6. Synthetic illustration 1: measurements in execution
order (a); current signature (b).
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Figure 7. Die A: histogram of wafer Iddq measurements (a);
current signature (b).



contend any differences among measurements are due to
measurement noise. This die was confirmed by physical
failure analysis to contain a defect in an inactive (non-
switching) gate.

4.1.1 Die selection in the presence of noise
Our goal in die selection is to establish whether or not

more than one leakage path exists on the die. To be practi-
cal for production testing, the die selection methodology
should not require storing measurements for post-process-
ing and should require applying as few vectors as possible.

Ideally, die selection would proceed by taking Iddq
samples, one by one, and each time testing the hypothesis
that the samples are from a single normally distributed ran-
dom variable. Test execution would stop when the hypothe-
sis can be rejected with sufficient confidence. In practice,
however, the tester cannot reasonably do such a computa-
tion on the fly. Instead, that method can be approximated by
examining each measurement and determining if it is suffi-
ciently different from those that precede it to allow the con-
clusion that it is very likely to have been taken from a
different leakage path.

In general, the amount of noise generated by the mea-
surement system should be predictable. We defineHnoise as
the maximum Iddq minus the minimum Iddq from any sin-
gle leakage path andM as the difference between the maxi-
mum and minimum measurements taken on the die. IfM
>Hnoise, we reject the die.

Note thatHnoise is likely to be a function of the magni-
tude of the measurement because most measurement
devices have different measurement resolutions in different
current ranges. This effect can be easily accounted for by
definingHnoise relative to the measurements on which the
comparison is being made.

Note also that we definedM based on all the measure-
ments taken on the circuit. However, during actual die
selection, a running maximum and minimum of the mea-
surements can be kept and the test terminated as soon as
two measurements are encountered that are sufficiently dif-
ferent. A more detailed description of the application of

current signatures for production testing is given in [18].

4.1.2 Defect diagnosis in the presence of noise
Our goal in defect diagnosis is to determine the number

of leakage paths, the magnitude of the current correspond-
ing to each leakage path and the set of vectors that corre-
spond to each path. In the presence of noise, the current
corresponding to each leakage path can be seen as an inde-
pendent and typically normally distributed variable. In
essence, therefore, the defect-diagnosis task is identifica-
tion of all independent random variables in a given set of
Iddq measurements. Standard statistical methods, such as
clustering techniques [21,22], can be applied to solve this
problem. In most cases, we expect the leakage path currents
to be spaced far enough apart relative to the measurement
noise that measurements corresponding to different leakage
paths can be distinguished as easily, as in the case of Die A
of Figure 7 and Die C shown in Figure 9 (Note that two dis-
tinct leakage paths are visible on Die C, even though the
maximum Iddq is only about 1µA.)

However, one must also consider cases in which the
measurements taken on two different leakage paths overlap.
Figure 10 shows a synthesized illustration of two distribu-
tions that overlap. In such a case there exist a number of
possible solutions. The first is based on the possibility that
the Iddq measurements histogram is bi-modal (or multi-
modal). In that case, if we would test the hypothesis that all
measurements are from a single normal distribution, we
would be able to reject this hypothesis with a high level of
confidence and a one-dimensional clustering algorithm
could be applied to separate the measurements.

Another option is to perform multiple measurements on
the same device, which should vastly enhance our ability to
recognize independent Iddq paths. The potential of such an
approach is illustrated via the synthesized example shown
in Figure 10c, which describes results of double-socketing
Iddq testing. (We use the term “socketing” to refer to an
application of the test set.) Observe that the measurements
from a hypothetical second socketing are plotted against
the measurements on the same vectors from the first socket-
ing. As in Figure 6, measurements taken on different leak-
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Figure 8. Die B: histogram of wafer Iddq measurements (a);
current signature (b).
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age paths are represented with different plotting symbols.
Given that the differences among currents within a distribu-
tion are due to random noise, vectors that originally fell in
the range of one distribution should fall again within the
range of the same distribution. The two measurements
taken on the same vector during the two different socket-
ings are independent, so within a single distribution, the
measurements on the same vectors taken at the two socket-
ings are uncorrelated.

 Note that it becomes easier to separate the measure-
ments when we add the information of a second measure-
ment on each vector. If we added a third measurement on
each vector, separation would become even easier. Theoret-
ically, it should be possible to keep adding new information
from re-applications of the test set, each time adding a
dimension to the clustering problem and making the sepa-
ration easier. Practical limits may preclude applying the test
more than a few times, but using the measurements on
repeated test applications has the potential to be a very
valuable way to improve the ability to separate samples
from closely-spaced leakage paths.

Figure 11 and Figure 12 show the real die Iddq mea-
surement results for two dies, Die D and Die E for which
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Figure 10. Synthetic illustration 2: histogram (a); current
signature (b); second socketing measurement vs. first
socketing measurement on each vector (c).
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Figure 11. Die D: frequency of occurrence of wafer Iddq
measurements (a); current signature (b); package vs. wafer
test measurement on each vector (c); post-burnin vs. wafer
test measurement on each vector (d).

0.6 0.7 0.8 0.9 1.0

0
5

10
15

20
25

Wafer Iddq [uA]

N
um

be
r 

of
 m

ea
su

re
m

en
ts

(a)

...
......
........
...........

.........
..............

.............
........
..........

.......................
..................

..................
....................

..........
.............

......
..
...

0 50 100 150 200

0.
7

0.
8

0.
9

1.
0

Vector index

W
af

er
 Id

dq
 [u

A
]

(b)

.
.

.

.

.

..
.

.
.
.

.

.

...

.

.

.

.
.

.

..

.

.

..

.

.

...

.

.
..

....
..
.
.

.

.

.

.

.
.
.

.

.

..
...

.

.

.

.

.

.

.

...
.

..

.

.

.

.

.

..

..

.

.

.

.

.

.

.

..

..

.

..

.

.
.

..

.

.

...

.

.
.

.

.

.

.

.

.

.

.

..

.

...

.

..

..

.

.

.

.

.

.

.

.

.

.

.

..
...
.
.

.

.

.

.

.

.

.

.....
..
.
.

.

.

.
.

.

.

.

.

.

..
..
.

.

.

..

..

.

.

.

.

.

.

.

.
.
.

.

0.7 0.8 0.9 1.0

0.
05

0.
10

0.
15

0.
20

0.
25

0.
30

Wafer Iddq [uA]

P
ac

ka
ge

 Id
dq

 [u
A

]

(c)

.

.
.
.

.

...

.

.
.

..

.

.

.
.

.

.

.

.

..
...
..

..

.

.

.

.

..

.

.

.

.

.

.

.

.

.

..
.
..
.

.

.

.

.

.

.

..

.

.

.

.

.

.

.

.

.
..

.

.
.
.

.

.

.
.
.
..
....

.

.

.

.

.

.

..

.

.

.

..

.

.

.

.

.

..

..

..
..

..

.

.

.

..

.

.

.

..
.....
.

.

.

..

.

.

..

.

.

..

..

.

.

.

...

....

.

.

..

.

.

...

.

.

.

.
.

.

.

.

..

.

...

.

.

.

...

..
..
..

.

.
. ..

.

0.7 0.8 0.9 1.0

0.
05

0.
10

0.
15

0.
20

0.
25

Wafer Iddq [uA]

P
os

t-
bu

rn
in

 Id
dq

 [u
A

]

(d)

Figure 12. Die E: frequency of occurrence of wafer Iddq
measurements (a); current signature (b); package vs. wafer
test measurement on each vector (c); post-burnin vs. wafer
test measurement on each vector (d).



double socketing measurements are plotted. (Note that for
the real dies, the “second socketing” results were done after
the dies underwent packaging. Note also that the packaged
die measurements were done at a different temperature,
25˚C instead of 50˚C). Results from a third socketing, taken
after the die underwent burnin are also given. Observe that
all the plots characterizing Die D indicate the existence of
three independent current paths; however the best evidence
is provided by the scatter plots in Figure 11c and Figure
11d.

The potential of “double socketing” is even more evi-
dent in Figure 12. Observe that neither the Iddq histogram
(Figure 12a) nor the one-dimensional current signature
(Figure 12b) can be used easily to detect the number of cur-
rent paths in Die E. However, it is quite evident from the
scatter plots (Figure 12c and Figure 12d) that there must be
two independent Iddq paths, which of course implies the
existence of an active defect. Observe that in this case the
ratio of noise to the size of the step is close to one and that
detection of the active defect was accomplished on a very
low current level.

Figure 13 shows a real die example where the separa-
tion between leakage paths is not easily visible, even with
measurements from two socketings. This situation can
occur when the measurements from several leakage paths
overlap. Figure 14 shows results obtained from ten addi-
tional applications of the test set. To show the results in two
dimensions, the average measurement on each vector of the

second five applications of the test set is plotted against the
average on the same vector of the first five applications of
the test. Here, the measurements separate into clusters,
indicating several distinguishable leakage paths. The
improved separation in Figure 14 compared to Figure 13
results from the fact that the averages plotted in Figure 14
give improved approximations of the true means of the dis-
tributions they sample compared to individual measure-
ments, as plotted in Figure 13. Figure 14b shows in sorted
order the average of all ten measurements taken on each
vector.

 Figure 15 shows the results for another die, Die G,
where again it is difficult to distinguish measurements com-

50 52 54 56 58

0
5

10
15

20

Wafer Iddq [uA]

N
um

be
r 

of
 m

ea
su

re
m

en
ts

(a)

.

........
............

.................
...............

........................
...................

.......................
.................

.....................
.................

............
........
.

0 50 100 150 200

50
52

54
56

Vector index

W
af

er
 Id

dq
 [u

A
]

(b)

.
.

.

.

.

.

.

.

..

.

...

.

.

..

.
.

.

.

.

.

.

..

.

.

.

.

...
.
.
..
.
.

.

.
...

..

..
.

.

.

.
.

.

.

.

.

..
.
.

.

.

.

.

.

.

.

..

.

.

.

..
.

.

.

.

.

.

.

.

.

.

.

.

.
.

.

.

.

.

.

.

..

.

..

..

.

.

.

.

.

..

.

.

.

.

.

..

.
..
.
.

.

.

.

.

.

.

.

.

.

.

.

..
.
.
...

.

.

..

.
.

.

.

.

.

.

.

.

.

.

.

.

.

.
.
..

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

..
.

.

..

.

50 52 54 56

48
50

52
54

56

Wafer Iddq [uA]

P
ac

ka
ge

 Id
dq

 [u
A

]

(c)

.
.
.
.

.

..

.

.
.

.

.

..

.

.

.

.

.

..

.

.

.

.

.

.

.

.

.

.

.

..

.

.

.

.

.

.

.
.

.

.

..

.

.

.

.

..

..

.

.

.

.

.

.

.

.

.

.

.
.

.

.

.

..

.

.

.

...

.

.

.

..

.

.
.

.

.

.

.
..

..

.

.

..

.

.

..

.

.

.

.

.

..
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
.

..

.

.

..

.

.

..

.

...

.

.

.

.

..

.

.

..

.
.
.

.

.

.

.

.

.

.

.

.

.

...

.

.

.

..

..

.

.

..

.
.

.

.

.

....
.

.

.

50 52 54 56

50
52

54
56

58

Wafer Iddq [uA]

P
os

t-
bu

rn
in

 Id
dq

 [u
A

]

(d)

Figure 13. Die F: frequency of occurrence of wafer Iddq
measurements (a); current signature (b); package vs. wafer
test measurement on each vector (c); post-burnin vs. wafer
test measurement on each vector (d).
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Figure 14. Die F: results of 10 repeated applications of the test
set. Average measurements on each vector for second 5
applications vs. first 5 (a); average of 10 measurements on
each vector in sorted order (b).
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Figure 15. Die G: frequency of occurrence of wafer Iddq
measurements (a); current signature (b); package vs. wafer
test measurement on each vector (c); post-burnin vs. wafer
test measurement on each vector (d).



ing from independent distributions. Figure 16a shows the
results of the averages of the second five measurements on
each vector versus the first five. Here a few clusters of
points are visible, but a large number of points do not
appear to fall into a cluster. The clusters are easier to see as
flat segments between steps in Figure 16b, which plots in
sorted order the average of the ten measurements taken on
each vector. The fact that the points fall nearly on a straight
line in Figure 16a indicates that the averages shown closely
approximate the true mean of the distributions they sample.
The points that do not fall into clusters, then, appear to rep-
resent leakage paths causing current of unique magnitudes.
In this case, then, there are nearly as many (and very possi-
bly more) unique ways for current to flow on the die as
there are vectors. Our experience suggests that the vast
majority of dies do not have such a very large number of
leakage paths, but the example shows how the multiple
socketing technique can be used to identify such cases.

Figure 14 and Figure 16 show repeated test application
results for dies that show clear evidence of active defects.
For comparison, Figure 17 shows similar results for a die
that appears to have only a passive defect. The plots seem
to confirm that the die contains only a single leakage path.
(The discretization visible in the graph is a result of finite

tester resolution.) Note that multiple-leakage path cases can
be easily distinguished from single-leakage path cases
without distinguishing all leakage paths simply by looking
for correlation between the measurements at the different
socketings. (First and second socketing measurements
should not be correlated when they are from a single leak-
age path.)

Note also that in practice it is often the case that testing
results from more than one application of the test are avail-
able, as they were for our example dies, so that the multi-
ple-socketing technique may not require any specially-
dedicated applications of the test. Of course, in that case,
the fact that the die may have undergone changes between
the socketings must be taken into account. Cases where the
number of leakage paths changes (e.g. due to a change in
the nature of a defect) can be identified by careful analysis
of the scatter plots. However, we expect it to be the case for
most dies that, while the magnitude of the current of a
given leakage path may change, the same paths will be vis-
ible at various test levels, as they were for the example dies.
In such cases, the above techniques can be applied success-
fully without requiring any extra test effort.

4.1.3 Sample size
In general our ability to draw conclusions about the ran-

dom variables from which the sample comes increases with
the sample size. In addition, it is useful for the sample sizes
from each of the leakage paths to be balanced, since bal-
anced sample sizes are more amenable to successful appli-
cation of separation techniques, such as clustering [21].
Fortunately, however, additional samples can be taken on
existing test vectors. As a result, getting additional samples
requires only extra test execution, not extra test generation.
In particular, vectors that activate leakage paths that are dif-
ficult to activate (e.g. because they involve a difficult-to-
control node) can be repeated to get additional samples.
Note also that the more widely-spaced the current levels
corresponding to different leakage paths are, the fewer are
the samples needed to distinguish them.

Naturally, there has to be at least a single sample from a
leakage path for its existence to be known. The fault cover-
age metric for defect diagnosis and die selection tests can
be modified accordingly. For tests that will be used for die
selection, the requirement is only that at least two leakage
paths are sampled. For defect diagnosis tests, the more
unique leakage paths that are activated, the better. The extra
test generation effort for defect diagnosis-targeted tests is
likely to be well-justified. The gains can be great in terms
of defect diagnosibility and the cost very low relative to
physical failure analysis.

4.2 Circuit personality
One of the key benefits of the differentially-based meth-

odology for die selection suggested by the current signature
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Figure 16. Die G: results of 10 repeated applications of the
test set. Average measurements on each vector for second 5
application vs. first 5 (a); average of 10 measurements on each
vector in sorted order (b).
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Figure 17. Figure H: results of 10 repeated applications of the
test set. Average measurements on each vector for second 5
application vs. first 5 (a); average of 10 measurements on each
vector in sorted order (b).



idea is that it is naturally well-suited to factoring out die-to-
die variations in background leakage current. In general,
variations in background current are caused by global pro-
cessing variations, which act in such a way that if the back-
ground leakage is high on one vector, it is likely to be
similarly high on all vectors. Since the current signature
methodology focuses on steps between groups of similar
measurements, it will be naturally immune to these varia-
tions.

Figure 18 shows plots of the measurements on one vec-
tor versus another for a few pairs of vectors. Each point on
the graph represents the measurements taken on a pair of
vectors for a single die. Data are shown for approximately
850 dies that passed all voltage testing applied and had a
maximum Iddq at all testing levels of less than 1µA. The
high degree of correlation seems to confirm our assumption
that background current is likely to be similarly high on all
vectors.

Despite the fact that background current on different
vectors will tend to vary in a like fashion, there may still be
vector-to-vector differences, as a result of circuit structure
[23]. Some vectors may cause unusually high subthreshold
leakage current, for example, if they put the circuit in a
state where many large transistors are in an off state. The
fact that such vector-to-vector differences result from the
circuit structure, however, means that they should be con-
sistent from one die to the next. As a result, it should be
possible to define a “circuit personality” current signature,
which can always be subtracted from the measurements on
a given circuit. Any remaining steps should be due to a
defect rather than the circuit structure. In practice, for die
selection, that may mean masking the measurements made
on certain vectors that are known to give elevated back-
ground current. For defect diagnosis, it should be possible
to fully characterize the circuit personality signature for
subtraction.

Figure 19 shows an example of a “circuit personality”
signature for a real product. The graph represents the aver-
age measurement taken on each vector over the approxi-
mately 850 dies described above. The lines associated with
each point represent the 95% confidence intervals on the

means. Note that a few vectors stand out.
For this product, the same vectors consistently produce

the highest current on these approximately 850 very-low-
current dies. Given that fact, a reasonable way to ensure
that steps due to normal background current variation are
not confused with those due to active defects is to perform
masking on those few vectors. Figure 20a shows that the
vast majority of “steps” in the current signatures of these
dies are less than 20nA. Higher steps do exist; however, if
the measurements on just the top two vectors from Figure
19 are masked, the number of steps exceeding 100nA
reduces from almost 150 to under 20.

Note that the “circuit personality” subtraction is neces-
sary only when the resulting “step” is large enough to be
confounded with a step that could otherwise be due to a
harmful active defect. Otherwise the natural immunity of
the current signature technique to processing-condition-
related variations in the background current should alone
suffice to allow for Iddq-based testing that is effective in the
face of high background current.

Note also that the natural immunity of current signa-
tures to processing variations does rely on test vectors
being similarly affected by different processing conditions.
The authors can imagine cases where this rule may be vio-
lated. One such case could occur as a result of processing
variations affecting various circuit structures in different
ways. For example, abnormally low p-well doping causes
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Figure 18. Background current on different vectors.
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Figure 20. Histogram of all current signature steps for
approximately 850 dies (a); same as Figure 20a, but with steps
occurring on two vectors removed (b).



unusually low NMOS threshold voltages, but does not have
the same effect on PMOS threshold voltages. If some vec-
tor turns off an unusually large number of NMOS devices,
then, the rule could be violated. It is also necessary to men-
tion that the decrease of minimum feature size is likely to
aggravate ambiguity in the definition of the circuit person-
ality signature. The reason is the expected increase in the
variance of transistor off-currents.

4.3 Discussion
The above examples illustrate the potential of current

signatures to be extremely sensitive defect indicators. In
order to assess the die selection potential of current signa-
tures for any particular test effort, the specific process/
design combination under test should be characterized to
determine the frequency of occurrence of low current-caus-
ing active defects. The larger is region B (see Figure 3 in
Section 3.1), the more effect the application of current sig-
natures will have on the escape rate. In addition, the posi-
tion of the test strategy in the trade-off between quality
required of outgoing dies and test effort should be deter-
mined. As the quality requirements move toward a need to
reject dies closer to region A, current signatures become
more and more important. For applications where
extremely high quality is required, they may prove to be
indispensable.

5 Conclusions
From our study, we conclude that current signatures

give a uniquely detailed picture of the static current behav-
ior of defective and defect-free dies. This detailed picture
can be very useful as a sensitive indicator of defects, even if
they cause only a low level of Iddq. It can also be useful as
tool for defect diagnosis. In particular, it can be used to dis-
tinguish between defects that cannot be distinguished using
the results of traditional Iddq testing. Here we have pre-
sented strategies for applying current signatures in a realis-
tic application environment, so that the potential of current
signatures can be exploited as a powerful, high-resolution
testing tool.
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