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NOTICE 
 

JEDEC standards and publications contain material that has been prepared, reviewed, and 
approved through the JEDEC Board of Directors level and subsequently reviewed and approved 

by the JEDEC legal counsel. 
 

JEDEC standards and publications are designed to serve the public interest through eliminating 
misunderstandings between manufacturers and purchasers, facilitating interchangeability and 

improvement of products, and assisting the purchaser in selecting and obtaining with minimum 
delay the proper product for use by those other than JEDEC members, whether the standard is to 

be used either domestically or internationally. 
 

JEDEC standards and publications are adopted without regard to whether or not their adoption 
may involve patents or articles, materials, or processes. By such action JEDEC does not assume 
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting 

the JEDEC standards or publications. 
 

The information included in JEDEC standards and publications represents a sound approach to 
product specification and application, principally from the solid state device manufacturer 

viewpoint. Within the JEDEC organization there are procedures whereby a JEDEC standard or 
publication may be further processed and ultimately become an ANSI standard. 

 
No claims to be in conformance with this standard may be made unless all requirements stated in 

the standard are met. 
 

Inquiries, comments, and suggestions relative to the content of this JEDEC standard or 
publication should be addressed to JEDEC at the address below, or refer to www.jedec.org under 

Standards and Documents for alternative contact information. 
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JEDEC Standard No. 37A 
 
 

-ii- 

Foreword 

 
This standard is intended for use by those involved with reliability, lifetime estimation or failure 
data analysis.  This standard enables the user to estimate the parameters of a two parameter 
lognormal distribution from complete or singly right-censored independent failure data.  The 
methods described were chosen because they can be easily done with a calculator or spreadsheet 
and are as accurate as more complex iterative techniques for the cases described.   
 
Interferences or issues that can complicate and/or invalidate the analysis are discussed.  One 
section discusses analysis of failure data where all units from within the sample have a known 
failure time.  Another section discusses analysis of failure data for the case where the life 
experiment was stopped and the failure times for the surviving unis are not known.  Graphical 
presentation is discussed and sample calculations are presented in several annexes.   
 

Introduction 

 
Analysis of reliability experiments depends extensively on failure statistics and commonly used 
failure distribution is the normal distribution after natural logarithms of the failure times have 
been calculated.  Lognormal distributions and the associated statistics are used by analysts 
working in semiconductor reliability to interpret and communicate results from failure 
experiments.  Unfortunately, many individuals who lack a sufficient background in statistical 
methods are using the techniques; errors in usage and interpretation are abundant.   
 
This document was written to provide a very basic set of tools for determining the parameters of 
the lognormal distribution for cases where sophisticated tools or expertise do not exist.  The 
techniques handle a majority of the experimental cases experienced by contributors.  The step-
by-step standard and annexes are intended to instruct and to help ensure proper analysis.
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STANDARD FOR LOGNORMAL ANALYSIS OF UNCENSORED DATA AND OF 
SINGLY RIGHT-CENSORED DATA UTILIZING THE PERSSON AND ROOTZEN 

METHOD 
 
(From JEDEC Board Ballot JCB-17-28, formulated under the cognizance of the JC-14.2 Committee on 
Wafer-Level Reliability) 
 
 

1 Scope 

 
1.1 Intent 
 
This standard enables the user to estimate the parameters of a two-parameter lognormal 
distribution from complete or singly right-censored independent data samples. 
Specifically, this standard is intended for analyzing failure-time (tf) data obtained from a stress 
test of a sample of units when the natural logarithm of the failure-time (ln tf) follow a normal 
distribution. 
This standard is not intended to describe techniques used to determine how well the failure data 
fits a lognormal distribution.  However, if points lie along a straight line for plots generated in 
section 8 the lognormal distribution estimators will describe the points along the line.   
 
1.2 Results 
 
The results of the analysis provide bias-corrected sample estimates for the median time-to-failure 
(t50), mean of the ln tf values (ln t50), and the standard deviation (σ) of the ln tf value of the 
lognormal distribution.  Additionally, confidence intervals are provided for complete data 
samples (no censoring).  These are all obtained from the failure time values (tf) 
 
1.3 Complete data case 
 
This standard may be used to analyze complete data where the failure-time data for the entire 
sample population is known and used.  The analysis uses the most efficient estimators for 
obtaining estimates of the two primary parameters (t50, σ) of the distribution.  
 
1.4 Right-censored case 
 
This standard may be used to analyze singly right-censored (Type II censored) data where the 
test has been stopped before all the parts have failed.  The analysis uses the Persson and Rootzen 
Estimators [1] corrected for bias [2, 3].  These estimators can be calculated with a hand 
calculator and are as accurate as more complex estimators. 
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1.5 Other methods 
 
This standard does not preclude the use of other estimators for determining a lognormal 
distribution, as long as the method has been shown to provide results similar to those obtained by 
this standard.  For example, Maximum Likelihood Estimators are widely used, have desirable 
properties and are acceptable when bias is removed.  However, these estimators are difficult to 
obtain without computerized iterative techniques, are subject to similar, if not identical bias and 
many software tools do not remove this bias. 
 
1.6 Normal distribution 

 
This standard can also be used to estimate the parameters of a normal distribution from complete 
and right-censored data samples.  Raw data is used without taking the natural logarithm.  The 
mean and standard deviation can be used without modification.   
 
 

2 Normative references  

 
T. Persson and H. Rootzen, “Simple and highly efficient estimators for a Type-I censored normal 
sample”, Biometrika, Vol. 64, 1977, pp.123. 
 
 

3 Terms, definitions, and symbols 

 
3.1 Terms and definitions 

For the purposes of this standard, the following terms and definitions apply. 

bias (statistical):  The difference between the mean (or expectation) of an estimator, T, and the 
true value, θ, of a parameter: E(T) – θ. 

censored data:  The set of data for the portion of the stressed samples that had stressing 
discontinued prior to the originally intended end of the test stress. 

NOTE This is also known as singly right censored data. 

complete data:  All available data from all units in the stress test, including those in the failure 
set.  

confidence interval:  An interval of the form (A, B) where A and B are the confidence limits 
calculated from sample statistics such that P(A ≤ θ  ≤ B) = 1 – α (where α is the probability of 
error) is a confidence interval.   

NOTE With repeated sampling, at least 100(1 – α)% of the similarly constructed intervals will contain 
the true population parameter θ.  

failure set:  The subset of the sample that fails the defined test criterion during the stress time.  
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3 Terms, definitions, and symbols (cont’d) 
 
lognormal distribution:  A distribution in which for some value a, ln (X – a) has a normal 
(Gaussian) distribution with a mean µ and variance σ2.   

NOTE If the parent population does not follow a lognormal distribution, this standard should not be 
used. 

sample:  A subset of units from a homogeneous parent population that has undergone stress 
testing.  

NOTE 1 This subset of the population is assumed to retain the characteristics of the parent population 
from which it was taken. NOTE 2 Failure data from the units in this subset are used to determine 
distribution parameter estimates of the parent population. 

unit:  A single test structure from which one failure time observation is possible. 
 
3.2 Symbols 
 
N:  The number of units in the sample. 
 
tf:  The failure time observation of a unit from the sample. 
  Fail time ݐf = exp ቈln൫ lastݐ good ൯ + ln( firstݐ fail )2 ቉ 

 

–  OR –           (1) = ටݐlast good firstݐ fail  
  

where:  
tlast good:  The last time duration the unit was known to be good 
tfirst fail:  The time duration the unit was known to have failed 

 
tf-cen:  The censor time of a unit from the population.  The censor time may or may not be the 
time that another part is known to have failed. 
 
σ:  The real (unknown) standard deviation or shape parameter of the lognormal parent 
distribution.   
  
s:  The sample estimate of the standard deviation of the lognormal parent distribution, calculated 
from logarithms of the observed failure times.  
 
t50:  The real (unknown) median-time-to-fail (MTTF) of the parent distribution. 
 
t50s:  The sample estimate of the MTTF of the parent distribution, calculated from the logarithms 
of observed failure times.  
 
α:  The maximum probability of error that is acceptable when making decisions.  
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4 Summary of Techniques 

 
4.1 Complete data 
 
For complete sample data sets (i.e., sets consisting of the complete population of the sample) the 
standard deviation of the parent population distribution is based on the standard deviation of the 
ln(tf) values, corrected for bias.  The t50s is determined from the exponential of the mean of the   
ln(tf) values.  The confidence intervals for the mean and the standard deviation of the population 
are obtained through the use of Student’s t-distribution and the chi-square (χ2) distribution, 
respectively.  
 
4.2 Singly censored data 
 
For censored sample data sets, s and t50s are the Persson and Rootzen estimators corrected for 
bias.  These are easily calculated estimators; however, confidence intervals are not available.  
The censoring time is the time the test was stopped (a unit may or may not have failed at this 
time). 
 
4.3 Information required 
 
Parties to the test must have tf, tf-cen (if used), and desired 1 – α confidence level (α error) values 
at hand to calculate parameter estimates. 
 
 

5 Inferences 

 
5.1 Distribution 
 
If the parent population does not follow a lognormal distribution, this standard should not be 
used.  The distribution fit can be evaluated as described in section 8.  If many of the raw tf values 
do not lie along the prediction line determined by the parameters estimated, this may suggest that 
the parent population was not lognormal.  Other techniques are also available [4.5].  Care must 
be taken with analysis under these circumstances. 
 
5.2 Parent populations 
 
Lack of homogeneity can occur when there are two or more parent populations contained in the 
sample, or the units in the sample are not treated alike before or during the stress.  As above, a 
plot (see clause 8) of failure times may provide evidence of more than on parent population. 
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5.3 Frequency of readout 
 
If the failure time is not accurately known, the parameter estimates will be in error.  Parties to the 
test should agree on the frequency of readout for the test, understanding that more frequent 
readouts will provide more accurate failure times. 
 
5.4 Bias correction for censored data 
 
The factor used to correct bias in parameter estimates from censored data are determined 
assuming that a failure occurred at the censor time.  If units are removed some time after the last 
failure occurred, the corrections for bias are less accurate.  The significant of any error depends 
upon the time difference (tdiff) between the last failure and the censor time.  The magnitude of the 
error may be investigated as described in the following sections.  
 
5.4.1 Small tdiff 

 
When tdiff is small relative to the time when the next failure is anticipated, compare calculated 
estimates to estimates determined with censoring time se to the last failure time.      
 
5.4.2 Large tdiff 

 
When tdiff is large relative to the time when the next failure is anticipated, compare the calculated 
estimates to estimates determined assuming a unit failed at the censoring time.  
 
5.5 Independence 
 
Lack of independence can occur when two or more failure times are related or are linked by 
some effect or event.  An example is a power surge causing several parts to fail simultaneously. 
 
5.6 Greater than 90% censoring with right censoring 
 
The bias removal techniques for singly right-censored data use in section 7 have only been 
checked for accuracy with less than 90% censoring [3].  It has not been proven that the technique 
is valid for more censoring and should be used with caution. 
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