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�AS TEST HAS EVOLVED, it has added to its original

back-end role of separating good chips from bad

chips by comparing measured values to preset limits.

Today, test classifies chips for future use, controls and

adaptively modifies manufacturing processes, and is

a key input in next-generation process development

and optimization. The new roles and applications

require generation, transmission, storage, and pro-

cessing of large amounts of data and its use in auto-

mated or manual decision-making. When the data

is acquired for an individual unit, there is little addi-

tional overhead to retain data for entire wafers, lots,

and so on, and this is the first opportunity to apply sta-

tistics. Once testers are connected to a data automa-

tion infrastructure and data validation controls are in

place, large volumes of data can be acquired and

integrated across different test flows and multiple

products, from multiple factories, and over long

time spans. Leveraging advanced test data integration

makes it possible to apply the most sophisticated data

mining and optimization methods.

For test engineering, this new frontier is called sta-

tistical test. The new data-intensive test applications

place a premium on statistical methods capable of

reducing data to a useful form for decision-making

and optimization.1 Fortunately, test engineering does

not need to invent new statistical methods from

scratch every time. Many statistical methods not

widely known or used within test engineering are

well-established for other disciplines such as agricul-

tural sciences, genetic sciences, and manufacturing.

To continue the growth of statistical

test engineering, the challenge is to

find and understand appropriate statisti-

cal methods, modify them correctly,

and apply them to problems in semi-

conductor testing.

This article demonstrates the use

of statistics and the application of statis-

tical methods to problems arising in test. We do not

cover the full range of statistical test but provide

concrete examples. The selected applications��
inference, modeling, and data mining��all empha-

size how statistics are key inputs to test-engineering

decision-making. The examples demonstrate combi-

nations of familiar models such as 1-of-k multinomial

experiments and data statistics such as w2 (chi

square) tests of contingency tables.

Characteristics of statistical test
Statistics is the science of collecting, organizing,

and interpreting experimental data to draw conclu-

sions about unknown populations observed through

experiment. Figure 1 summarizes the relationship be-

tween statistical decision-making, experiments, and

populations.

In the broadest terms, statistical decisions either

describe statistical properties of observation data or

make statistical predictions about future events. Ex-

perimental data either helps determine parameters

in statistical models or is used directly in statistical

decision-making. Traditionally, test engineering has

used descriptive statistics, computed from data, in sta-

tistical process control of semiconductor manufactur-

ing. In the past 10 years, the use of semiconductor test

statistics has increasingly shifted to the prediction

(inference) of future events. Once largely the domain

of component reliability, statistical prediction has

become an integral part of volume screening of

semiconductor chips.
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Probabilities, distributions, and other basic statisti-

cal ideas are mathematical objects that can be

manipulated according to mathematical rules. To

draw conclusions and make decisions from the IC

test response data, practitioners must shift their

focus from the mathematics of distributions and prob-

abilities to the statistics of the IC test response. Specif-

ically, in test engineering, the role of statistics is

decision-making. Answers to questions such as

‘‘What limits are best suited to reach the goal of

reducing the ratio of test overkill to test escapes?’’

are experimental inferences, and statistics provide es-

sential insights to compute and judge such answers.

A discussion about statistical tools requires basic

definitions and a few key statistical ideas. The statisti-

cal literature is rich with ideas, techniques, and deep

mathematics. Readers with an interest or need can

find valuable resources in textbooks, monographs

and topical series, and online collections.2,3 For ex-

ample, JSTOR (http://www.jstor.org) has created a

high-quality, interdisciplinary archive of scholarship

and is actively preserving more than 1,000 academic

journals in both digital and print formats.

The basic definitions of mean and median, vari-

ance, and quartile ranges are familiar to engineers.

Likewise, concepts such as the distribution, the

shape of the graph, and the difference between a

continuous and discrete variable are common in

test engineering. These ideas are central to descrip-

tive statistics. Less frequently used are a function’s

effects on a random variable, rank and order statis-

tics, and the difference between correlation and

statistical independence. The least-familiar elements

of statistics are the ideas used to predict outcomes:

so-called inferential statistics. Predictions are sensitive

to the experimental design, which can minimize

the impact of nuisance (unseen) effects. The central

idea that is often misunderstood, or entirely missed,

is the statistical hypothesis and the difference be-

tween the null hypothesis and the alternative

hypothesis.

In this article, two applications illustrate a few sta-

tistical methods that are especially useful in statistical

test. These statistical methods are as follows.

First, define purely random, and purely determinis-

tic, extreme scenarios. Often, with no other informa-

tion, models of statistical performance indicators

can be written down for two limit cases: random

and deterministic scenarios. If the predictions of

these extreme cases meet the requirements, then

more elaborate performance modeling is unneces-

sary. For example, many test outcomes can be

described as a 1-of-k random scenario and modeled

with the multinomial distribution. This article demon-

strates this idea by using multisite testing and a bino-

mial distribution��a special case of a multinomial

distribution.

Second, employ Monte Carlo (MC) synthesis. Statis-

tics can be a dauntingly mathematical subject, but

with a laptop computer it’s possible to perform useful

MC simulations. One key requirement, which might

be unfamiliar to engineers, is generating MC variables

with prescribed degrees of correlation. The multisite-

testing example demonstrates a method for synthesiz-

ing wafers in which failed dies exhibit varying

degrees of spatial correlation across the wafer.

Third, build statistical models from functions of ran-

dom variables. Test is an inherently hierarchical pro-

cess in which a probability density function (PDF)

modeling one element (for instance, a single test) is

easily written down. In ‘‘what if’’ scenario modeling,

a PDF is needed for a combination of many such ele-

ments. For example, to model wafer test times, a test

program test time PDF is needed, and it might include

the maximum, the minimum, or the sum of the

assembled single tests. This article shows how the dis-

tribution of maximum test time (an order statistic) is

particularly useful in modeling multisite test times.

Fourth, define a null hypothesis and test for devia-

tions from it. Data mining examines data records for

subtle, but potentially valuable, patterns and informa-

tion. The w2 test for independence is a common

Experimental
observations

(Data)

Statistical
inference

(Decisions)

Unknown population
(Statistical model)

Figure 1. Statistical methods enable inferences

(decisions) to be made from statistical models

or directly from data. Statistical models are

derived from data or sometimes simply generated

from hypotheses about random or deterministic

behavior.
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method for detecting correlation in attribute data

organized into contingency tables.2 In the data min-

ing example, contingency tables reduce large vol-

umes of wafer sort test data into a compact single

metatest to predict post burn-in test response.

Modeling multisite test time
Parallel testing of dies at the wafer level is clearly

an opportunity for test time reduction.4 But, to quan-

tify the potential benefit, a statistical model that char-

acterizes the die-to-die variation of test time (TT) is

needed. Generally, the test time of defect-free

(good) dies (TTG) does not vary much, and it is usu-

ally (but not always) the longest die TT encountered.

The test time of defective (bad) dies (TTB) is vari-

able, since there are many ways for a die to be defec-

tive. Usually, TTB is shorter than TTG unless, for

example, the test program has significant diagnostic

tests in the failure flows of the program. For a group

of dies tested in parallel (a multisite), the TT of the

multisite is the longest TT of the individual dies in

the multisite. If the multisite has at least one good

die, this longest die TT is usually the (die) TTG. Fur-

thermore, the frequency of occurrence of multisites

with multisite TT equal to die TTG depends on the

spatial distribution of good dies across the wafer. Sta-

tistical theories of combinations of functions of ran-

dom variables, such as order statistics, can be used

to derive scaling laws, which are valuable in test mod-

eling. In the multisite example, the theoretical results

from order statistics provide a scaling model for die-

average TT in multisite testing.

In terms of the method shown in Figure 1, we can

infer model parameters to sufficient precision from

the data. That is, individual die TT distributions and the

spatial distribution of defective dies are sufficiently

well established. The focus in this example is on

building a statistical scaling model to quantify the

effect of multisite size, yield, and spatial distribution

on die-average TT.

For the spatial-distribution model, a key observa-

tion is that ‘‘sufficiently well established’’ can in

some cases mean ‘‘does not need to be known at

all.’’ In effect, for some choices of model parameters,

the multisite results can be bracketed between two

extreme cases, for which the results scarcely differ:

random and clustered (deterministic) spatial distribu-

tions. This is an important technique in statistical

modeling of test because the extreme cases are

often easy to compute analytically, provided we

are familiar with the appropriate statistics. The con-

cepts of binomial statistics and order statistics provide

analytical statistical models for extreme cases of ran-

domly distributed dies and fully clustered dies on a

wafer. Other examples include working out predic-

tions of perfectly correlated tests versus completely

uncorrelated tests, which can further bracket the rel-

evant figure of merit.

When the random and deterministic cases do not

sufficiently bracket the relevant figure of merit, it is

still possible to avoid complicated statistical mathe-

matics if we exploit MC simulation. In this case, it is

often necessary to comprehend degrees of correla-

tion. The multisite example shows MC simulation of

degrees of spatial correlation.

Implementing multisite testing requires using a

test program with at least one part that can be par-

allelized. For simplicity, the example assumes that

the entire test program is parallelizable. For exam-

ple, a BIST test could be initiated on each die,

and then run without tester intervention except for

monitoring a pass/fail bit. The parameters of the

model are

� multisite count N (the number of dies tested in a

single prober touchdown);

� single-die TT distributions for the TTG and the TTB;

� yield (just as for serial tests, if the TTG is the lon-

gest TT, then the more good dies are tested, the

longer the average TT); and

� degree of clustering of dies (if all the bad dies are

in one region of the wafer, then a relatively large

proportion of multisite probe touchdowns will

have all bad dies in them and have test times

shorter than the TTG; for randomly distributed

dies, more multisite touchdowns will have good

dies in them, so the average test time will be

longer).

TT distribution model

Assume a test program that, when run on a sin-

gle die, has the TT model shown in Figure 2. In

this model, the TTG is a constant, g1, and the TTB

has an exponential distribution with mean (and

standard deviation) b1. Notice that in this model

the TTB can sometimes exceed the TTG. This

might occur, for example, if a failure prompts a

change in test program flow to include significant

diagnostic tests.

Special ITC Section
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During test, each multisite samples i values from

the TTG distribution and N � i values from the TTB

distribution. The TTB for the multisite is the largest

TTB of the N � i values of the individual die TTBs

sampled. This largest TTB is the n-of-n order statistic,

with n¼ N� i, and itself defines a distribution. For the

exponential distribution used as the TTB model,

the average of the distribution of the n-of-n statistic is

bn ¼ b1Hn (1)

where Hn is the partial sum of the harmonic series

Hn ¼
X

i¼1, n

1

i
(2)

Figure 2 shows order statistics of the TTB for sev-

eral values of n. We also need the order statistic of

good dies. Since the TTG is a delta function, all sam-

ples of good dies of size n have the same TT, so the

mean of the n-of-n order statistic of the TTG is

gn ¼ g1 (3)

Multisite TTs

All average TTs for a multisite lie between the case

for which bad dies are randomly distributed across

the wafer (random) and the case for which all the

bad dies are in a single contiguous group (fully

clustered).

Random. If the proportion of all good dies is Y, and

they are distributed randomly across the wafer, then

the probability p of each multisite configuration of

good and bad dies is given by a term in the multinomial

(in this case, binomial) expansion of [Y þ (1 � Y )]N.

For the ith term, this is

pðN , i, Y Þ ¼ N !

ðN � iÞ!i! ð1� Y ÞN�i
Y i ði ¼ 0, NÞ (4)

The TTs for each term are related to the order

statistics just described. Combining them yields a

model for the TT for the fully parallel test of a N-site

multisite as

trandomðN , Y , b1, g1Þ ¼ ð1� Y ÞN bN

þ
X

i¼1, N�1

pðN , i, Y ÞmaxðbN�i, giÞ þ Y N gN (5)

where bn is the n-of-n order statistic of b and similarly

for g. Using the model of Figure 2 and defining a TT

in units of g1, Equation 5 becomes

trandomðN , Y , rÞ ¼ ð1� Y ÞN rHN

þ
X

i¼1, N�1

pðN , i, Y ÞmaxðrHN�i , 1Þ þ Y N (6)

where r ¼ b1/g1. Two special cases are of interest:

First, for single-die testing (N ¼ 1), Equation 6

reduces, as expected, to a simple yield-weighted

average of the average of the TTB and the TTG:

trandomðN¼ 1, Y , rÞ ¼ ð1�Y Þr þ Y (7)

If the average of the longest TTB in a multisite is

always less than the TTG, then for the model of

Figure 2,

rHn < 1 for 1 � n � N�1 (8)

Therefore,

trandomðN , Y , rÞ ¼ ð1�Y ÞN rHN þ ½1� ð1� Y ÞN � (9)

Fully clustered. In this case, we ignore multisites on

the boundary between the area of bad and good dies

to simplify the model. Without these cases, the TT is

either the TTG (all parts pass) or the n-of-n order sta-

tistic of the TTB distribution, each in the proportion

to the site’s yield. Using the same scaling, the fully

clustered TT becomes

tclusteredðN , Y , rÞ ¼ ð1�Y ÞrHN þ Y (10)
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Figure 2. Test time probability density function (PDF) model.

For individually tested dies, every good die has a test time

good (TTG) of g1 (dashed line), and bad dies have a test time

bad (TTB) distributed as an exponential distribution (solid

curve) with mean b1. The means of various order statistics

(b1, b2, b4, . . .) of the TTB distribution are shown. The graph is

drawn for g1 � 1 and b1 � 0.3 (that is, r � 0.3, where r is b1/g1).
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TT benefit of multisite test

To make an informed decision, test engineers

need a figure of merit. A useful figure of merit is the

average TT per die of the multisite divided by the TT

for a die tested singly:

C ¼ tðN , Y , rÞ
N � tð1, Y , rÞ (11)

where TTs are given by Equation 9 or 10. Smaller

values of C are better. Figure 3 shows C plotted as a

function of Y for several multisite sizes for the TT

distributions given in Figure 2 (r ¼ 0.3). When Y ¼ 1,

all TTs are the TTG with a single value, g1, so the

multisite TT per-die benefit is 1/N, as expected.

However, for smaller values of Y, the multisite TT

benefit is reduced (C is larger) due to the effect

of the TTB order statistic. This effect is greater for

the random case than the clustered case. As the

multisite count increases, the difference between

the clustered case and the random case vanishes.

This example shows how the order statistic pro-

vides a scaling model for the multisite TT benefit,

and how consideration of details of spatial correla-

tion might be unnecessary for making decisions

about implementing multisite testing. If the benefit

for the random case is enough, implementation

is a ‘‘go.’’

Intermediate degrees of clustering

As the TTB becomes smaller relative to the TTG,

the area between the curves for clustering and ran-

dom cases in Figure 3 expands. Hence, it might be

useful to develop models for average TT per die as

a function of intermediate degrees of clustering. In

such cases, analytical expressions like Equation 4

for the probability of occurrence of each multisite

configuration p(N, i, Y ) cannot easily be written

down. However, it is possible to synthesize pass/fail

patterns with various degrees of clustering. Figure 4

shows synthesized patterns for random and clustered

patterns with Y ¼ 0.5, as well as a pattern with an in-

termediate degree of clustering with Y ¼ 0.8. We gen-

erated the patterns in Figure 4 using an algorithm that

populates a lattice with failed dies according to a sto-

chastic process, in which the probability of a site fail-

ing is influenced by previously failed neighbors. If a

previously failed site has no influence on a passing

site’s probability of failure, the pattern generated is

random. On the other hand, if a failed site makes

neighboring passing sites more likely to fail, a clus-

tered pattern is generated.5 The range of the cluster-

ing influence modulates the degree of diffusion of

the clusters. The process continues until a desired

yield (fraction passing) is reached.

MC simulation is a valuable tool in statistical test

engineering because it allows simulation of the man-

ufacturing environment before silicon is available. For

example, we can combine the per-die TT distribution

of Figure 2 with the synthesized wafers of Figure 4 to

provide a complete statistical model of multisite TT.

The multisite pattern defines a stepping template

across the synthesized wafer. For example, Figures 4b,

4d, and 4f show the yield distributions of the 16

sites of a 4 � 4 multisite for the clustering patterns

in Figures 4a, 4c, and 4e, respectively. In the model

just discussed, the multisite probabilities for the syn-

thesized data (solid bars) in Figure 4 replace the bino-

mial probabilities p(N, i, Y ) in Equation 4, which are

shown for comparison in Figure 4 as hatched bars.

Once silicon is available, the multisite template can

be scanned across real, not synthesized, wafer maps

to extract experimental binomial probabilities, and

hence estimate the experimental values of the figure

of merit.

The most important, and nontrivial, ‘‘trick’’ in MC

simulation is to generate patterns with controlled

degrees of correlation that can be varied. This applies

not only to spatial patterns but also to other attributes.

Special ITC Section
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Figure 4. Synthesized probability patterns of a 4 3 4 multisite with various degrees of clustering: a pattern

strongly clustered with a yield of 50% (a) and its corresponding yield distribution (b); a random pattern with a

yield of 50% (c) and its corresponding yield distribution (d); and a pattern having an intermediate degree of

clustering with a yield of 80% (e) and its corresponding yield distribution (f). Solid bars indicate multisite

probabilities for the synthesized data; hatched bars indicate the binomial probabilities p(N, i, Y ) from Equation 4.
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Statistical test data mining
The central ideas of test outliers are that healthy

dies have a certain intrinsic response distribution,

and bad dies depart from the intrinsic healthy die

distribution in detectable ways.6 Outliers can be

identified effectively when the overlap is minimized

between the good- and bad-die distributions. In

practice, parametric test responses such as raw

IDDQ show considerable overlap between healthy

and faulty distributions, making it difficult to iden-

tify outliers. As technology continues to scale, this

overlap is increasing.7 One approach to reduce

the overlap is to build a data-driven response

model that decreases the two new distribution var-

iances while preserving the difference between

the means of those distributions.6 In many cases,

data-driven variance modeling is effective for distin-

guishing outliers (bad) from healthy parts (good).

Variance reduction has helped identify and discard

reliability at-risk dies and completely avoid burn-in

at the 180-nm and 130-nm technology nodes, and

results are in development for the 90-nm and

65-nm technology nodes. The challenge, however,

is to identify which of the hundreds of measure-

ments should be postprocessed for variance reduc-

tion and used as a screen for burn-in reduction.

Adding data mining techniques to the test engi-

neer’s arsenal of statistical-test techniques could

help address this challenge.

w2 response selection

In a production environment, hundreds of tests are

performed on each die at wafer probe or package

test, but only a subset of those parameters can be

leveraged for outlier screening. Data mining is the sys-

tematic search of a large volume of unstructured data

for subtle patterns that can be extracted and used in

downstream applications. Data mining the data can

help define a new metascreen, which is a combina-

tion of two or more test responses. The metascreen

is a quality improvement tool and is an example of

statistical prediction (inference). That is, on the

basis of combined wafer tests mined from the data,

a part is predicted to become a burn-in failure or pre-

dicted to fail if inserted into the customer application.

The core of the analysis is identification by correla-

tion of a subset of tests that combine to detect the

maximum number of burn-in failures while minimiz-

ing the test escapes that are not stressed and fail in

customer applications.

One of the simplest but most effective techniques

of data mining is to hypothetically categorize data

and then test whether the hypothetical categories

are statistically independent. If they are not indepen-

dent, a potentially useful correlation exists. A critical

step is to choose criteria to do the categorization.

Many different ways of doing this are possible for

any given data set. In the example here, one of the

categories is always passing or failing after burn-in,

and another category is chosen to be any of many dif-

ferent wafer sort tests. For any given categorization,

it’s easy to use the w2 test to detect useful dependen-

cies. For example, if data can be categorized in two

ways (in one way with a categories, and in another

way with b categories), then we can compute the

w2 statistic by using the data to estimate marginal cat-

egory probabilities p and q:

pi ¼
Xb

j¼1

Xij

n
, qj ¼

Xa

i¼1

Xij

n (12)

where n is the number of parts in the data set, and Xij

is the count of units in the ith cell of one category

and the jth cell of the other. This is a contingency

table. The probabilities are used to estimate the w2

statistic:

x2 ¼
Xa

i¼1

Xb

j¼1

ðXij � npiqjÞ2

npiqj
(13)

In the data mining example, a ¼ b ¼ 2. The inde-

pendence test compares the computed w2 value to a

critical value set by a statistical confidence limit and

the degrees of freedom within the data.2 When the

computed w2 is larger than the critical value, the sta-

tistical independence of the sort test and burn-in

response is not supported by the data.

Identifying a wafer sort test metascreen involves

four steps: data set identification, wafer outlier iden-

tification, w2 response selection, and metascreen

validation.

Step 1: Data set identification. Data selection is a

simple step. Typically, data mining begins with a selec-

tion of a sample of historical data thought to contain

the characteristics of future data inputs. The meta-

screen is product data specific, so results from two

data selections do not necessarily agree 100% with

each other. For burn-in reduction, the data analyzed

was a combination of all wafers from the wafer sort

Special ITC Section
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database containing one or

more parts that failed earlier

burn-in reliability studies.

Step 2: Wafer outlier identifi-

cation. Many articles discuss

outlier identification, so we will

not discuss it in detail here.

Once the wafers are selected

for analysis, test limits are

needed to isolate the outliers.

The literature includes many

examples of outlier screening.7

Some standards are emerging

for techniques such as part aver-

age testing (PAT) (http://www.

aecouncil.com/AECDocuments.

html). These standards include

dynamic limits to identify out-

liers without excessive overkill.

In this study, we used the loca-

tion averaging nonparametric

technique to compute the re-

sponse residuals.6 For every pa-

rameter, we obtained a list of

outlier parts by setting a confi-

dence bound about a linear regression of each die’s

location average estimate and its residual. Figure 5

shows an example of this computation.

Step 3: x2 response selection. In this step, we ob-

tain a list of outliers for each test response parameter

and wafer. (This step correlates the burn-in failures to

the outliers at wafer probe.8) Not all burn-in failures

will necessarily have a test response in an outlier re-

gion such as the one in Figure 5. If a burn-in failure

is an outlier to a test, we create a 2 � 2 contingency

table for the RAM0 IDDQ test, as Table 1 shows. (There

are two different memories on this chip: RAM0 and

RAM1. These memories are in separate regions of

the chip, and the size of each memory is different.

This example uses burn-in failures, but we can re-

place this label with customer returns or any quality

label. For each 2 � 2 contingency table, we compute

the w2 and the corresponding p value (the probability

that the contingency table is the result of two

Estimate
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Figure 5. Robust regression of a test response residual versus its estimate. Dies

outside the prediction limits (solid lines) are outliers.

Table 1. Example 2 3 2 contingency table for testing the independence of a test (RAM0 IDDQ)

to the post-burn-in test response.

Outlier sort response to the

post-burn-in test

Post-burn-in

test result

RAM0 IDDQ

outliers

RAM0 IDDQ

nonoutliers Total

x2 computed

value

x2 critical

value p value

Burn-in failures 5 12 17

Burn-in passes 381 26,077 26,458 92 6.63 < 0.0001

Total outlier columns 386 26,089 26,475

* The confidence level � ¼ 0.01, and the degrees of freedom df ¼ 1 for this w2 test. The p value is the probability that

the contingency table is the result of two statistically independent random variables.
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statistically independent random variables. Tests with a

p value less than 0.01 are retained for selection (infer-

ence of correlation), and tests with larger p values are

eliminated from the metascreen (inference of indepen-

dence). The smaller the p value, the less likely the rows

and columns are independent. Using the selected

tests, we construct a burn-in cover table (the smallest

combination of tests such that a maximum number

of burn-in failures fail at least one test in the combina-

tion) to obtain the final, optimized metascreen for the

sample population of the detected burn-in failures.

Step 4: Metascreen validation. The final validation

involves a review of the metascreen. In practice, the

review has exposed remarkably few retained but unre-

alistic test responses. The data mining flow identifies a

wafer sort metascreen of burn-in failures or customer

returns. Each parameter is tested by w2 as a statistically

significant correlation, and the final cover table is

minimized. However, we constructed the metascreen

from historical data and without reference to the spe-

cific post-burn-in tests failed by each part in the sam-

ple. When it works, data mining reveals valuable but

often subtle relationships in the data. But it is not a re-

placement for good sense and engineering judgment.

A sanity check of each part’s observed failure mode to

the retained tests in the metascreen builds additional

empirical confidence in the metascreen’s promise to

predict future burn-in failures with only these wafer

sort tests. After validation, unrealistic test responses

are removed before the metascreen is deployed.

Data mining metascreens

We conducted a case study to demonstrate para-

metric responses of data mining screening for burn-

in reduction and the effects of the outlier limit setting

and the 2 � 2 w2 test for independence. We have

obtained the results of the data mining test response

reduction and metascreen for a broad range of prod-

uct lines and device technologies (more than 50, thus

far). The analysis includes products manufactured

across multiple foundries and across multiple internal

production facilities. We have extracted metascreens

via data mining and deployed them in production to

meet goals for burn-in reduction, burn-in elimination,

and customer DPPM (defective parts per million) re-

duction. The case study demonstrates that subtle sig-

nals in test data can be used to screen reliability

failures as well as customer returns.

The case study used a 65-nm low-leakage device.

The goal of the analysis was to identify outlier screens

that could predict burn-in failures at wafer probe to

avoid the costs associated with burn-in. We applied

burn-in stress to a sample population and observed

post-burn-in failures. A burn-in cover table minimized

the list of wafer sort tests identified by the w2 statistic

as sort tests significantly correlated to burn-in failures.

Table 2 gives the details of the metascreen. The

results are compiled for two related figures of merit

for retention (w2 and p value). The three listed tests

each had a less than 0.01% probability of being inde-

pendent of a part’s burn-in failure. Two key figures of

merit for the metascreen are the detected failures and

the total outliers screened. In Table 2, for each test

added to the metascreen, the former represents the

total fraction of post-burn-in failures screened; the lat-

ter reflects the cumulative cost of using the meta-

screen, as measured by the total fraction (burn-in

failures þ burn-in passes) of parts identified by the

metascreen. For example, outliers of the RAM0 IDDQ

parameter alone could identify 29.4% of the burn-in

failures, with 1.4% of all outlier parts screened. The

combination of all parameters would identify 53%

of the burn-in failures, with 3.4% parts screened.

The validation further confirms that metascreen

tests show a meaningful relation to the failure

modes observed for the burn-in failures.

The role of the final metascreen is not to replay

results but to improve future testing. The metascreen

can direct a small fraction (estimated to be less than

4%) of the material to burn-in and still detect more

than 50% of final stress failures. For this part, any

screen identifying at least 50% of the burn-in failures

achieved DPPM goals. The metascreen met this goal

without burn-in, and 4% of units directed to and pass-

ing burn-in were recovered for no loss in yield.

By reducing the number of parts stressed at the

burn-in metascreen, there is an attendant cost savings

Special ITC Section

Table 2. Summary of three top wafer sort tests shown by x2 to most

likely correlate to the observed burn-in failures.

Test

response x2 p value

Detected failures

(cumulative %)

Outliers

(cumulative %)

RAM0 IDDQ 93.7 < 0001 29 1.4

VDIFF 41.0 < 0001 47 3.0

RAM1 IDDQ 29.1 < 0001 53 3.4

* VDIFF is a parametric test measuring the differential voltage between

the input and output of an internal voltage regulator.
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because burn-in reduction reduces the time between

the product design and product introduction.

MANY RESEARCHERS OUTSIDE test can contribute to

the foundation of statistical test. The untapped reser-

voir of statistical techniques applied to the rich data

sets in test engineering will provide an interesting

field of research for many years to come, as well as

opportunities to simultaneously reduce costs and im-

prove quality. �
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