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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
SEMICONDUCTOR DEVICES –  

GUIDELINES FOR RELIABILITY QUALIFICATION PLANS –  
 

Part 2: Concept of mission profile 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent 
rights. IEC shall not be held responsible for identifying any or all such patent rights. 

IEC 63287 Part 2 has been prepared by IEC technical committee 47: Semiconductor devices. 
It is an International Standard. 

The text of this International Standard is based on the following documents: 

Draft Report on voting 

47/2796/FDIS 47/2803/RVD 

 
Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/standardsdev/publications. 

This International Standard is to be read in conjunction with IEC 63287-1. 

A list of all parts in the IEC 63287 series, published under the general title Semiconductor 
devices, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The "colour inside" logo on the cover page of this document indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this document using a colour printer. 
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SEMICONDUCTOR DEVICES –  
GUIDELINES FOR RELIABILITY QUALIFICATION PLANS –  

 
Part 2: Concept of mission profile 

 
 
 

1 Scope 

This part of IEC 63287 gives guidelines for the development of reliability qualification plans 
using the concept of mission profile, based on the environmental conditioning and proposed 
usage of the product. This document is not intended for military- and space-related applications. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. 
For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 63287-1:2021, Semiconductor devices – Generic semiconductor qualification guidelines – 
Part 1: Guidelines for IC reliability qualification 

3 Terms and definitions 

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

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at https://www.electropedia.org/ 

• ISO Online browsing platform: available at https://www.iso.org/obp 

3.1  
failure mode 
style classification of a fault phenomenon which causes product failure 

Note 1 to entry: Disconnection, a short circuit, occasional loss, abrasion, characteristic deterioration, etc. are typical 
items considered as failure modes. 

4 Mission profile 

4.1 Concept of mission profile 

In designing the reliability test plan, the test plan greatly changes depending on how the 
environmental conditions of the LSI is assumed. For example, in the case of electronic units for 
automotive application installed in the vicinity of the engine, operational temperature gradually 
rises by the heat generated by the engine but the temperature decreases after the engine stops, 
meaning that the unit is not always subjected to sever temperature conditions. The set of 
changing environmental temperature conditions and their time ratio is called the “mission 
profile”. Because mission profile depends on multiple factors such as operational duty of LSI, 
installation environment, generation of heat by peripheral parts, etc., it cannot be 
unconditionally standardized. Therefore, it is important to agree the mission profile between the 
LSI vendor and the user and decide on accurate test conditions. 
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Figure 1 shows an example of mission profile, with the ambient temperature and the estimated 
hours of operation at that temperature differing between installation around the engine and 
around the cabin for cases of automotive application with an estimated lifetime of 15 years 
(7 500 operational hours). A design method for the reliability test plan using the mission profile 
shown in Figure 1 is given in 4.2. For comparison, as an example of change in the test plan 
content due to the difference of mission profile, a design method for lifetime of 15 years (12 000 
operational hours) as application for engine peripherals is given in 4.3 

Trial calculation procedures of test time and number of test samples are based on 
JEITA ED-4701/002. 

 

Figure 1 – Example of mission profile for automotive application 

4.2 Example of reliability test plan considering the mission profile of automotive 
engine peripherals application (1) 

Table 1 below shows the trial calculation of the reliability test plan (number of samples and time 
for the reliability test), based on the mission profile of on-vehicle application in the engine 
peripheral shown in Figure 1, taking the operating life test as an example. Table 1 is an example 
assuming general automotive applications in Japan with a presupposition of 500 annual 
operational hours. 

In designing a test plan for the operating life test, only the hours of operation in the mission 
profile shall be regarded as the stress time in the LSI use environment. In this example, the rise 
in junction temperature (∆Tj) during operation is assumed as 20 °C and the test temperature is 
set as Ta = 125 °C. As shown in Table 1, conducting about 279 hours of operating life test at 
125 °C gives stress equivalent to 15 years of actual use. 
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Table 1 – Trial calculation example of equivalent time under operating life test based on 
consideration of the mission profile (automotive application in the engine peripheral) 

Mission profile 

(environment of actual use) 
Test conditions 

Convert hours of operation to equivalent time 
under acceleration condition 

125 °C temperature 
acceleration onlyb 

125 °C temperature 
accelerationb + 

3,96 V voltage 
acceleration c 

Ta Tj a Hours of 
operation 

0 °C 20 °C 500 h 

125 °C 

3,96 V 

(Voltage in actual use 
3,3 V) 

0,3 h 0,02 h 

55 °C 75 °C 1 000 h 53 h 4 h 

85 °C 105 °C 4 500 h 1 530 h 109 h 

105 °C 125 °C 1 000 h 1 000 h 71 h 

125 °C 145 °C 500 h 1 327 h 95 h 

Total 7 500 h 3 910 h 279 h 

a  Tj = Ta + 20 °C (Assumption) 
b  Ea = 0,7 eV (Formula (1)) 
c  β = 4 (Formula (2)) 

 

Table 2 uses the reliability test plan of IEC 63287-1. It shows the calculated values based on 
the number of samples and test time of operating life test in the case of 90 % confidence level 
and less than 0,1 % total of confirmation level of wear-out failure in the above mission profile 
(15 years of actual use). 

NOTE The reliability tests of IEC 63287-1 are conducted by accelerating voltage, temperature, humidity, etc. of the 
actual use environment. 

Table 2 – Trial calculation example of number of samples/test time of operating life test 
with consideration of the mission profile (Automotive application in the engine 

peripheral) 

Test items 
Assumed 

failure 
mode 

Failure 
distribution 

Acceleration 
parameter 

Test 
conditions 

Reliability test scale to 
confirm the life of 

15 years/0,1 % 
(Confidence level 90 %) 

Reference: 
AEC-Q100 

High 
temperature 

operating 
life test 

TDDB 
Weibull 

distribution 

m = 3 

Ea = 0,7 eV 

(Formula (1)) 

voltage 
acceleration 

β = 4 (Formula 
(2)) 

125 °C 

3,96 V 

(Voltage in 
actual use 

3,3 V) 

Number 
of test 

samples 
45 pcs 231 pcs 231 pcs 

Test 
time 1 037 h 601 h 1 000 h 

TDDB = time-dependent dielectric breakdown 

 

As shown above, designing test plan with consideration of the mission profile is effective in the 
case of application with large temperature change in environment of actual use. Therefore, use 
of mission profile in conducting efficient test is recommended. 
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4.3 Example of reliability test plan considering the mission profile of automotive 
engine peripherals application (2) 

Table 3 shows an example of change in the test plan content due to the difference of mission 
profile. Table 3 is an example assuming general automotive applications in North America and 
Europe with a presupposition of 800 hours (12 000 hours/15 years) of annual operational hours, 
intended by AEC-Q100. 

Similarly to the design of the test plan of the operating life test in 4.2, only the hours of operation 
in the mission profile shall be regarded as the stress time in the LSI use environment. The rise 
in junction temperature (∆Tj) during operation is assumed as 20 °C and the test temperature 
was set as Ta = 125 °C. Table 3 shows the trial calculation example of conversion of operational 
hours to equivalent time under operating life test. Here, the assumed failure mode is time-
dependent dielectric breakdown (TDDB). The temperature acceleration is estimated as 
Ea = 0,7 eV (Formula (1)) and the voltage acceleration as β = 4 (Formula (2)) for the trial 
calculation. As shown in Table 3, conducting about 528 hours of operating life test at 125 °C 
gives stress equivalent to 15 years of actual use. 

Table 3 – Trial calculation example of equivalent time under operating life test with 
consideration of the mission profile (automotive application in the engine peripheral) 

Mission profile 

(environmental conditions of 
actual use) Test conditions 

Convert hours of operation to equivalent time 
under acceleration condition 

125 °C temperature 
acceleration only b 

125 °C temperature 
acceleration b + 

3.96 V voltage 
acceleration c Ta Tj a Hours of 

operation 

0 °C 20 °C 500 h 

125° C 

3,96 V 

(Voltage in actual use 
3,3 V) 

0,3 h 0,02 h 

55 °C 75 °C 500 h 27h 2 h 

85 °C 105 °C 8 000 h 2 719h 194 h 

105 °C 125 °C 2 000 h 2 000h 143 h 

125 °C 145 °C 1 000 h 2 654 h 189 h 

Total 12 000 h 7 400 h 528 h 

a Tj = Ta + 20 °C (Assumption) 
b Ea = 0,7 eV (Formula a) 
c β = 4 (Formula b) 

 

Table 4 shows the calculated values based on the reliability test plan of IEC 63287-1. It shows 
the calculated values based on the number of samples and test time of operating life test in the 
case of 90 % confidence level and 0,1 % or less total of confirmation level of wear-out failures 
in the above mission profile (15 years of actual use). 

NOTE The reliability tests of IEC 63287-1 are conducted by accelerating voltage, temperature, humidity, etc. of the 
actual use environment. 
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Table 4 – Trial calculation example of equivalent time under operating life test with 
consideration of the mission profile (Automotive application in the engine peripheral) 

Test items 
Assumed 

failure 
mode 

Failure 
distribution 

Acceleration 
parameter 

Test 
conditions 

Reliability test scale to 
confirm the life of 

15 years/0.1 % 
(Confidence level 90 %) 

Reference: 
AEC-Q100 

High 
temperature 

operating 
life test 

TDDB 
Weibull 

distribution 

m = 3 

Ea = 0,7 eV 

(Formula (1)) 

voltage 
acceleration 

β = 4 (Formula 
(2)) 

125 °C 

3,96 V 

(Voltage in 
actual use 

3,3 V) 

Number 
of test 

samples 
45 pcs 231 pcs 231 pcs 

Test 
time 1 961 h 1 137 h 1 000 h 

 

As shown above, the difference in mission profile changes the reliability test plan (number of 
samples and time for the reliability test), even if it is under the same test conditions. The concept 
of mission profile allows the development of a suitable test plan for individual applications. 

4.4 Example of reliability test plan considering the mission profile of automotive 
cabin peripherals application 

The mission profile below shows the design procedure of a reliability test plan (number of 
samples and time for the reliability test) for automotive application in the cabin peripheral of 
Figure 1. 

In designing a test plan for the operating life test, only the hours of operation in the mission 
profile shall be regarded as the stress time in the LSI use environment. In this example, the trial 
calculation example of conversion of operational hours to equivalent time under operating life 
test is shown in Table 6 for the case where rise in junction temperature (∆Tj) during operation 
is assumed as 20 °C and the test temperature is set as Ta = 125 °C. Here, the assumed failure 
mode is TDDB. The temperature acceleration is estimated as Ea = 0,7 eV (Formula (1)) and 
the voltage acceleration as β = 4 (Formula (2)) for the trial calculation. As shown in Table 5, 
conducting about 130 hours of operating life test at 125 °C gives stress equivalent to 15 years 
of actual use. 

Table 5 – Trial calculation example of equivalent time under operating life test with 
consideration of the mission profile (automotive application in the cabin peripheral) 

Mission profile 
(environmental conditions of 

actual use) 
Test conditions 

Convert hours of operation to equivalent time 
under acceleration condition 

Ta Tj a Hours of 
operation 

125 °C temperature 
acceleration only b 

125 °C temperature 
acceleration b + 
3,63 V voltage 
acceleration c 

0 °C  20 °C 400 h 

125 °C 

3,63 V 

(Voltage in actual use 
3,3 V) 

0,3 h 0,1 h 

30 °C 50 °C 1 800 h 15,8 h 4,2 h 

50 °C 75 °C 1 100 h 41,8 h 11,2 h 

65 °C 85 °C 4 200 h 430,1 h 114,9 h 

Total 7 500 h 488h 130,4 h 

a Tj = Ta + 20 °C (Assumption) 
b Ea = 0,7 eV (Formula a) 
c β = 4 (Formula b) 
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Table 6 shows the calculated values based on the reliability test plan of IEC 63287-1. It shows 
the calculated values based on the number of samples and test time of operating life test in the 
case of 90 % confidence level and 0,1 % or less total of confirmation level of wear-out failures 
in the above mission profile (15 years of actual use). 

NOTE The reliability tests of IEC 63287-1 are conducted by accelerating voltage, temperature, humidity, etc. of the 
actual use environment. 

Table 6 – Trial calculation example of number of samples/test time 
of high temperature operating life test with consideration of the mission 

profile (Automotive application in the cabin peripheral) 

Test items 
Assumed 

failure 
mode 

Failure 
distribution 

Acceleration 
parameter 

Test 
conditions 

Reliability test scale to 
confirm the life of 

15 years/0,1 % 
(Confidence level 90 %) 

Reference: 
AEC-Q100 

High 
temperature 

operating 
life test 

TDDB 
Weibull 

distribution 

m = 3 

Ea = 0,7 eV 

(Formula (1)) 

voltage 
acceleration 

β = 4 (Formula 
(2)) 

125 °C 

3,63 V 

(Voltage in 
actual use 

3,3 V) 

Number 
of test 

samples 
45 pcs 231 pcs 231 pcs 

Test 
time 484 h 281 h 1 000 h 

 

As shown above, consideration of the concept of mission profile is effective in the case of 
applications with a large temperature change in the environment of actual use. Therefore, use 
of mission profile in conducting efficient test is recommended. As a calculation, an example of 
mission profile, in comparison with the example of AEC-Q100 is shown in Clause 5. 

5 Calculation examples of mission profiles (Calculation of sample and test 
time of life tests) 

Table 7 and Table 8 show examples of trial calculations substituting acceleration conditions 
and acceleration model used in JEITA EDR-4708B by the mission profile of AEC-Q100, and 
comparing the sample size and time. AEC Q100 only provides an example. 
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