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Qualification focuses on intrinsic topics of products and technologies, requiring only small sample sizes. Defectivity issues
now put a big load on monitoring measures, which are now needed to demonstrate manufacturability and the control of
extrinsic defects.

This handbook should give guidance to engineers how to apply robustness validation during development and
qualification of semiconductor components. It was made possible because many companies, semiconductor
manufacturers, component manufacturers (Tierl) and car manufacturers (OEMs) worked together in a joint working group
to bring in the knowledge of the complete supply chain.
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1. INTRODUCTION
In 2006 members of SAE International Automotive Electronic Systems Reliability Standards Commljttee, ZVEI (German
Electrical and Electrpnic Manufacturers™ Association), AEC (Automotive Electronics Council) and JSAE (Japanese Society
of Automotive Engingers) formed a joint task force and published the first version of the Robustness Yalidation Handbook
(RVHB) together with an/update of the corresponding SAE document (SAE Recommended Pracfice J1879, General
Quialification and Production Acceptance Criteria for Integrated Circuits in Automotive Applications), which was a content
copy of the RVHB.

The RVHB was based on information from a wide number of sources including international Automotive OEMs and their
full supply chain, engineering societies, and other related organizations.

This Robustness Validation Handbook provides the automotive electronics community with a common qualification
methodology to demonstrate acceptable reliability. The Robustness Validation approach requires testing the component
to failure, or end-of-life (EOL), avoiding invalid failure mechanisms, and evaluation of the Robustness Margin between the
outer limits of the customer specification and the actual performance of the component.

Since then the principles defined in this handbook have been applied in modules, systems and other application areas.
For details see section 19.
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2. SCOPE

This document will primarily address intrinsic reliability of electronic components for use in automotive electronics. Where
practical, methods of extrinsic reliability detection and prevention will also be addressed. The current handbook primarily
focuses on integrated circuit subjects, but can easily be adapted for use in discrete or passive device qualification with the
generation of a list of failure mechanisms relevant to those components. Semiconductor device qualification is the main
scope of the current handbook.

Other procedures addressing extrinsic defects are particularly mentioned in the monitoring chapter. Striving for the target
of Zero Defects in component manufacturing and product use it is strongly recommended to apply this handbook. If it gets
adopted as a standard, the term “shall” will represent a binding requirement.

This document does not relieve the supplier of the responsibility to assure that a product meets the complete set of its
requirements.

3. TERMS, DEFINITIONS AND ABBREVIATIONS

3.1 Terms and Definitions

3.1.1 Accelerated|Test

A test using test confitions that are more severe than usual operating conditions¢

3.1.2 Acceleration
The ratio between th
of stress conditions,
3.1.3 Commodity
A product for which
customers or one o
details see RVManu

3.1.4 Component

A constituent part.

NOTE 1: Examples
of packag
motherboa
of comple

NOTE 2: Unless th

Factor

e times necessary to obtain the same portion of failure in two equal samples ung
involving the same failure modes and mechanisms.

Product

there is a demand without qualitative-differentiation across a market. It is prog
several markets or application segments e.g., Standard Logic IC’s or small si
Al

general)

include sourcevand drain regions as components of transistors, lead frames and

ed integrated-circuits, resistors and integrated circuits as components of pr

\rds as components of computers, LCD screens as components of monitors, ac
waveferms, and loops and algorithms as components of software programs.

a)

context identifies the thing of which a component is a part, a descriptive

er two different sets

uced for a group of
gnal transistors. For

dies as components
nted circuit boards,
and dc components

Drepositional phrase

i fall ] P 1

identifying

3.1.5 Defect

thiaa i Wwi-thaamrard AR
et g—SooGTonOW T e wWwOrG—Compontnt—

A deviation in an item from some ideal state. The ideal state is usually given in a formal specification.
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3.1.6 Degradation
A gradual deterioration in performance as a function of time.
3.1.7 De-rating

The intentional reduction of stress/strength ratio in the application of an item, usually for the purpose of reducing the
occurrence of stress related failures.

3.1.8 Device
A piece of equipment, a mechanism, or another entity designed to serve a special purpose or perform a special function.

3.1.9 Electronic Camponent

A self-contained combination of electronic parts, subassemblies, or assemblies that perform an.elecjronic function in the
overall operation of ¢quipment.

3.1.10 Extrinsic Reliability
The reliability not related to intrinsic failure mechanisms; but to process induced deviations, being ranglom in nature.
3.1.11 Failure Mechanism
The physical, chemjcal or other process that results in a failure. A failure mechanism describes| how a degradation
process precedes, |e.g., oxidation, cracking. If the driving forcesxare known, e.g., electric figld, current density,
temperature, an empirical or theoretically based acceleration model‘can be proposed or derived that @llows for failure rate

modeling.

3.1.12 Failure Mod

1”2

The effect or mannef by which a failure is observed to.occur. It is the effect of the failure mechanism.
3.1.13 FMEA
Failure Mode and Effects Analysis. A systematized group of activities intended to recognize, evaluate, and prioritize the
potential failure of a |product or processand its effects, and to identify actions that could eliminate or reduce the chance of
the potential failure gccurring, listed in“the’order of effect on the customer.

3.1.14 Go, No-Go

Attribute data, whicH] is data:that results from counting items or classifying items into distinct non-overlapping categories;
in this case, pass/fail data:

3.1.15 Intrinsic Reliatbrtity
The reliability related to the inherent material properties or design, being systematic in nature.
3.1.16 Component Life Cycle

Time period between the completion of the manufacturing process of the semiconductor component and the end of life of
the vehicle.


https://saenorm.com/api/?name=4e17d58ad23091bb5f50cf68511fe239

SAE INTERNATI

ONAL J1879 Revised FEB2014

Page 8 of 57

3.1.17 Life Cycle

The time span between the beginning of development (specification) and the end of production (withdrawal from the

market).

3.1.18 Lifetime

The time span between initial operation and failure.

3.1.19 Matrix Lot

A wafer lot manufactured in such a way that groups of wafers are intentionally processed to create high and low extremes
in several parameters important to yield, functionality and/or reliability. Examples include transistor threshold voltage,

effective channel le

gth _conductor sheet resistance and transistor heta

3.1.20 Matrix Lot P
A description of the
3.1.21 Mission Prof

The simplified repre
application througho

3.1.22 Operating C

The conditions of en
datasheet and withir]

3.1.23 Product Rof

an
pbarameters and extremes of the matrix lot per wafer.
ile

sentation of all of the relevant conditions to which the deviees, will be exposed
ut the full life time covering production, handling, storage-and transportation.

pnditions

vironmental parameters, voltage bias, and other.electrical parameters whose lim
which the device is expected to operate reliable.

ustness

The ability of a pfoduct to remain in control andCcapable within the expected variations of

manufacturing, trang

3.1.24 Qualification

port and storage conditions).

The entire process Iy which products orproduction technologies are obtained, examined and tested

as qualified.
3.1.25 Reliability C

A parameter that ch

naracteristic

aracterizes the probability that a device will function without failure over a spe

amount of use at stafed conditions.

in all of its intended

ts are defined in the

inputs (application,

, and then identified

cified time period or

3.1.26 Reliability C

TaTaCteETIZation

The process that characterizes the probability that a device will function without failure over a specified time period or
amount of usage at stated conditions.

3.1.27 Reliability Parameter

See reliability characteristic.
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3.1.28 Robust Condition

A condition at which the product remains in control and capable within the expected variations of inputs (application,

manufacturing, trans

3.1.29 Robustness

port and storage conditions).

Target Value

Target of the robustness validation process.

3.1.30 Robustness

Validation

The process to demonstrate the robustness of a device under a defined mission profile.

3.1.31 Safe Operatj

na Area
~J

The process, produ

operate to maintain functionality and reliability (distinguish from SOA for power transistors).

3.1.32 Semicondug
Synonym for solid-st
3.1.33 Solid-State
A solid-state device

NOTE: Examples o
of motherbo

3.1.34 Solid-State ||
An electronic device

NOTE 1: Examples

pressure 9
hybrids, a
NOTE 2: Electrome
3.1.35 Test Vehicle

Device used for eval

ct, and environmental characteristics within whose limits in extremes the comp

tor Component

ate component.

Component

hat is a constituent part of a higher order assembly.

solid-state components include DRAMs as parts’of memory modules and micrg
ards.

Device
whose operation depends on the, properties of the integral solid semiconductor
of solid-state devices include’transistors, thyristors, transient voltage suppres|
ensors, integrated circuits,_modules consisting mainly of integrated circuits sug

hd memory modules such-as DIMMs and SIMMs.

Chanical devices e,g7, solenoids, breakers, wire relays, are not considered to be

Lating a;specific failure mechanism.

3.1.36 Use Conditi(rn

bnent is expected to

processors as parts

aterials.

50rs, semiconductor
h as multichips and

bolid-state devices.

Operating or environmental condition during the use time of a device.

3.1.37 Use Time

Time the product is used in the field.
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3.2 Abbreviations

AEC
APQP
ASIC
DFMEA
DOE
ECU
EMC
EM
EOS
FLL

FMEA

JSAE
OEM
PAT
PFA
PFMEA
PLL
POR
RIF
SAE
SBA
SOA
TC
TDDB
TTF

ZVEI

Automotive Electronics Council

Advanced Product Quality Planning

Application-Specific IC

Design Failure Mode and Effects Analysis

Design of Experiments

Electronic Control Unit

Electrom
Electro M
Electrical
Frequeng
Failure M
Integrate
Society 0

Original B

hgnetic Compatibility

igration

Overstress

y Locked Loop

ode and Effects Analysis

] Circuit

f Automotive Engineers of Japan

Fquipment Manufacturer (e.g., car makers,are called OEMs)

Part Average Testing

Physical
Process
Phase-Ld
Process
Robustng

Society 0

~ailure Analysis

Failure Mode and Effects Analysis
cked Loop

bf Record

ss Indicaton Figure

f Automotive Engineers

Statistica

Bin Analysis

safe operating area

Temperature Cycling

Time-Dependent Dielectric Breakdown

Time to Failure

Zentralverband Elektrotechnik- und Elektronikindustrie e.V.

(German

Electrical and Electronic Manufacturers” Association)
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3.3 Definition of Robustness Validation

Robustness Validation is a process by which to demonstrate the robustness of a semiconductor component under a
defined mission profile. Robustness Validation represents an approach to qualification and validation that is based on
knowledge of failure mechanisms and relates to specific Mission Profiles. The knowledge gained by applying this
approach leads to improvement that extends beyond the component and its manufacturing process under consideration.
RV contains great potential for re-use, which contributes in its entirety to a significant increase in quality and reliability,
time to market and reduction of costs. Last but not least, this will result in improvement of the competitiveness of all
involved participants from the value adding chain.

A mission profile defines the conditions of use for the component in the intended application (see section 5). The mission
profile establishes the basis for the Robustness Validation approach, providing necessary additional information that is not
described in the datasheet. Experience shows that a simple passing on of specifications down the supply chain is
inadequate for and incapable of capturing the necessary information. Rather, an interactive process including the entire
value chain is needé¢d to achieve a common understanding of and a mutual agreement on the requjrements, which is a
key factor for succes$s of a project. This interactive process has to be started in the early concept angd definition phase of

the project. Cross-unctional and inter-company communication across the entire value rchain |shall, therefore, be
established as good|practice.

TABLE 3.1 - ILLUS[TRATES THE MEANING OF ROBUSTNESS VALIDATION BY CONYRASTING POSITIVE (IS) AND
NEGATIVE (IS NOT) STATEMENTS

Robystness Validation IS Robustnéss Validation IS NOT
A mdthodology A regddlation or specification

A test to failure process or end-of-life process A'test to pass/limit process
Validgtion of “fit for use” Validation of “fit to standard”

An it¢rative process A one off process

A process to gain knowledge. of "the failure | A process to gain knowledge of where
mechanisms of a semiconducter ¢component the part is functional

A mgasurement of productlifetime A go/no go (attribute) measurement

4. ROBUSTNESS [VALIDATION BASICS
4.1 Robustness Vplidation Summary

Robustness is the dapability’ of functioning correctly or not failing under varying application and pjoduction conditions.
Robustness Validatiop- _relies heavily on expertise and knowledge, and, therefore, requires detailed explanation and

intensive communication amaong the specialists of the participants along the entire value adding chain

This methodology is based on three key components:

e Knowledge of the conditions of use (mission profile, see section 5)

e Knowledge of the failure mechanisms and failure modes and the possible interactions between different failure
mechanisms

¢ Knowledge of acceleration models for the failure mechanisms needed to define and assess accelerated tests.
Robustness Validation is a knowledge-based approach [1,7,8] utilizing stress tests that are defined to address dedicated

failure mechanisms using suitable test vehicles (e.g., wafer test structures, packaged parts) and specific stress conditions.
If accurately applied this approach results in a product being qualified as “fit for use”, and not “fit for standard” only.
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4.2 Robustness Validation Flow

The Robustness Validation flow (Figure 4.1) is part of the development process. It starts with the transfer of the mission
profile from the module level to the level of the semiconductor component. For details of this transfer, see Section 5. The
process ends with release for mass production and definition of the related monitoring plan.

Development
(> Start with Mission Profile Module Application

Technology

Product Spec (7) Design Rules (6)

T IvR
Risk Assessment

Knowledge
Matrix

Tech
Spec Covers
Prod Appl.

> Potential Risks and Fallure Mechanisms (8)

}

—" Create Qualification Plan (9)

Characterization Plan
Reliability Test Plan

Demonstration of
Manufacturability

Monitoring Plan

Production (15) Monitoring Data

The numbers in the figure refer to sections of this document.
FIGURE 4.1 - RV QUALIFICATION PROCESS FLOW

4.3 Robustness Djagrams

Results of Robustness Validation can be represented by the use of Robustness Diagrams.

The Commodity Component Robustness Diagram, shown in figure 4.2, represents the first use of a robustness diagram,
and is initiated at the conclusion of the finalization of the Mission Profile. At this point, the Semiconductor Component
Supplier investigates whether the mission profile requirement can be achieved by using the relevant commaodity device.

Figure 4.2 provides such a pictorial representation for two parameters, A and B, which have a certain relationship, such as
voltage and temperature. Many parameters may be simple enough to plot one-dimensionally. The red box represents the
area of the application’s specification, which the commodity component must meet or exceed. The light blue area
represents the commodity components actual performance. The Robustness Margin is the distance between any point of
application specification and the point of failure of the commodity component, taking into account all variations of the
product and the application’s environment. The failure could result in different failure modes X, Y, Z, depending on the
values of the parameters A and B. A robust component is a component that is able to maintain all the required
characteristics under the conditions of use over the lifecycle without degradation to out-of spec-values.
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The Commodity Component Robustness Diagram should be reviewed with the customer to demonstrate the actual
robustness of the component when developing the application FMEA.

The Application-Specific Component Robustness Diagram, shown in figure 4.3, represents the second use of a
robustness diagram and is initiated at the conclusion of the Robustness Validation Stress Test. At this point, the
Component Supplier demonstrates to his customer the robustness of the semiconductor component to exceed the
application specification requirement.

IC
Failure
Mode X

FIGURE

The IC specificatiorn

maximum allowed Malues. Naturally, the range of parameter values for a certain application mus
However, the specification limit does not imply that' the product will fail at this point. Robustness Va

Parameter B

AT 2.
% ili %
410% :\% Compenent Capability %, b‘g(lz

Semiconduclor
Component Specification

Customer
Application Spec

Paramg}g:_fj\‘

1.2 - ROBUSTNESS DIAGRAM FOR AsSOMMODITY SEMICONDUCTOR COM

PONENT

for parameters A and B can he represented by a box (in blue) that displays the minimum and

lie within this box.
idation identifies the

point of failure for th¢ values of (A, B). The line.connecting all points of failure gives the component cgpability as shown by

the light blue area. When any point (Ai, Bj)lies outside the component capability a failure criterion re
parameters is violated and the semiconductor component fails. The type of failure mechanism tha
depends on the pargmeter values and-can vary along this component capability curve. Examples for
are given in Table 4.

TABLE 4p - EXAMPAES OF PARAMETERS OF A TWO-DIMENSIONAL ROBUSTNESS |

Parameter A

Parameter B

ated to A, B or both
t causes the failure
parameters A and B

DIAGRAM

Lifetime

gate oxide area

Lifetime

supply voltage

Maximum current density

junction temperature (max)

Lifetime

number of temperature cycles

Supply voltage

ambient temperature (min)

Number of temperature cycles

temperature range of cycles (Tmax — Tmin)

Number of critical vias

lifetime
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IC
Failure
Mode X

Robust/ Very Robust

Semiconductor Component
Specification Derived from
Module Spec

Least Robust

Parameter B

HGURE 4.3 - APPLICATION-SPECIFIC COMPONENT ROBUSTNESS DIAGRAN

4.4 Difference bet]
The stresses addre
failure occurs. Partid
them, promoting in
systematic, nor rele
actual service life (
substantial effort of
component’s actual
guestionable.

ES multiple failure mechanisms and the test itself being considered pass when
ular business fields usually require specific stress recipes, prescribed by standard
the most cases single failures with extrinsic «defect nature. At the end these
ant for the real application, and only very few intrinsic defects being triggered \
f the component. Investigations of the fdilures triggered by these generic t
failure analysis and to yields almost.in root cause information with less o
service life. Both, effectiveness and efficiency of the stress test driven qualificati

On the other hand,
tests promoting spegific intrinsic failure modes anhd provides significant amounts of failure mechanism
Detailed studies on| the accordingly triggered-failure mechanisms and activation energies will S
accumulation of valyable knowledge on relevant failures. This represents in consequence the basig
Assessment and supports the calculatignyof the actual Robustness Margin relevant to the componen
Mission Profile.

Thus, all the accumulated knowledge generated through testing, requested by Robustness Valig
added value and thel owning Qrganization being invited to re-use it as often as requested.

In stress-based starjdards,”all tests have fixed stress conditions over a predefined period of time (5
stress tests really focus)on single failure mechanisms. The sample sizes are selected as a comprof

1.

veen Robustness Validation Approach and Stress Test Driven Qualification Stanglards

NO stress relevant
s specific to each of
are almost neither
vith relevance to the
psts usually require
no importance for
bn may be therefore

e Robustness Validation appfreach requires the institution of wear out studies of particularly chosen

specific information.
uccessfully yield in
for the Robustness
L application specific

ation, represents is

). Only a few of the
hise between failure

mechanism detection and the economies of testing and material sets. Stress time Is typically chosen to address the

anticipated design life of the part based on acceleration models for temperature, voltage, and h
acceleration factors. As an example, temperature acceleration is typically addressed by “average” act

umidity using mean
ivation energy of 0.7

eV, while the spectrum of failure mechanisms ranges from -0.2 eV to 3.3 eV. Depending on the dominating failure
mechanism, the use of average values for Ea could result in misleading interpretations of stress test results. The

information gleaned from these tests, while comforting when detecting zero defects, may be mislead
This is caused by the fact, that if no failures are generated:

The actual robustness of the product being NOT known
Acceleration factors are NOT measured

There is no proof that the intended failure mechanisms have been triggered

ing to the customer.

The dominant failure mechanism may not be sufficiently accelerated to demonstrate the lifetime requirements.


https://saenorm.com/api/?name=4e17d58ad23091bb5f50cf68511fe239

SAE INTERNATIONAL J1879 Revised FEB2014 Page 15 of 57

In the past, this approach helped the customer to compare products from different suppliers and to generate a large
database of stress test results performed under identical conditions. As the robustness was not known, the quality,
reliability and robustness margins could not be improved effectively, or may even have been unintentionally reduced.
Some examples for which traditional stress-test methodologies have been unable to detect subsequent field issues are
described in section 15.1.

Development activity is now required to generate a failure mechanism risk assessment and a stress methodology that is
able to characterize the failure mechanisms.

Failure Mechanism
Reliability physics differentiates between intrinsic and extrinsic failure mechanisms. The intrinsic failures can be

characterized by a small sample of test devices stressed to failure, because they can be considered as physical
properties of the materials used

Extrinsic failures, on the other hand, are random in nature and a large sample size is needed to.characterize the critical
part of the distributi

Defect density related failures are typical examples for the last group. Therefore, the sample sige must be chosen
depending on the type of failure to be addressed by a specific test and the failure rate‘target to be demonstrated. Extrinsic
failures are mainly dominated by manufacturing performance issues and not by thelproduct itself. Therefore, in most of
the cases, a complgx component like an IC does not necessarily the best vehicle to characterize ¢r measure extrinsic
kinds of failures.

On the other hand it|is the main task of the IC design to ensure the expetted semiconductor robustngss by addressing all
known intrinsic failure mechanisms and where ever possible the particular manufacturing procesg disturbances, too,
through the accuratg application of accordingly developed and engineered design rules and simulatign tools integrated in
the design flow.

Intringic failure Extrinsic failure

Relat¢d to the inherent material properties or design | Related to process induced devigtions

Systematic Random
Wearput Early life failures
Small|sample sizes sufficient Large sample sizes needed

Acceptance criterig

Acceptance criteria [of stress:test-driven approaches are typically “test to pass”, which means that the value of the
gualification statemgnt is.Completely dependent on the validity of the model parameters, because quality and the reliability
are not really measufeg: Therefore the robustness of the product is actually not known after pefforming this kind of
qualification. The reS fed stress during the
stress-test-driven qualification conditions and lifetime at condrtrons of use are usually not established. The sensitivity of
stress-test-driven methods with respect to new or changed materials or technologies being insufficient to demonstrate
robustness of a component in the harsh automotive environment.

5. MISSION PROFILE/VEHICLE REQUIREMENTS

As mentioned in the previous section, the knowledge on the actual conditions of use in the overall system of the
semiconductor device under investigation represents one of the key components of Robustness Validation. The
Robustness Validation process for any relevant component shall start always with the generation of the Mission Profile
based on its actual conditions of use in the environment of the current, and next higher level of the component hierarchy.
The supplier of the semiconductor component will develop a set of profile assumptions based on market research and/or
interactions with customers to capture the majority of user application scenarios. The generation process of the Mission
Profile for the component in question represents a detailed, back and forward oriented communication process across the
entire value adding chain on each detail of the actual Conditions of Use in the chosen application. The primary and


https://saenorm.com/api/?name=4e17d58ad23091bb5f50cf68511fe239

SAE INTERNATIONAL J1879 Revised FEB2014 Page 16 of 57

overarching objective is to ensure the requested/expected quality and reliability over the entire service life of the final
product of the OEM. Therefore the BEST known PRACTICE to mutually conclude in good faith for the actual realization
on the best technical, reliable and cost saving trade off shall be established in order to ensure competitiveness and the
necessary margin to each of the involved partners.

The ideal flow for the generation of these conditions of use is illustrated in Figure 5.1. Starting from the mission profile for
the vehicle (such as a car or truck), the corresponding high-level requirements are defined. These requirements are then
transferred from the different system levels, module level, and electronic control unit to the level of the semiconductor
component (see Figure 5.1).

As mentioned before this shall not represent a one-direction process along the chain, but rather an interactive, iterative
agile communication, up and down the entire supply chain, as specification development proceeds. Thereby the
requirements become step by step more clear and shall be finally and mutually concluded by all involved parties at the
point of freezing of the specification. This is still valid for the mission profile, too.

Examples of the cpntents of a mission profile on ECU level can be found in the paper “Aufomotive Application
Questionnaire for Elgctronic Control Units and Sensors”, published by ZVEI (9).

Product Development Timeline

Semiconductor
Component

Freeze of‘ ‘ Freeze of
Spetification Design
FIGURE & 1-- PRODUCT DEVELOPMENT PROCESS

The mission profile fepresents the cplleetion of all relevant environmental load/stress and conditiorjs of use to which a
component will be exposed during its full life cycle.

Life cycle is defined as the time period between the completion of the manufacturing process of the semiconductor
component and the ¢nd of lifexof the vehicle.

The mission profile includes:

e Transport

e Storage

e Processing

e Operations in the intended application

Each of the profile items listed above can occur more than once. It is not state-of-the-art methodology to replace field

application conditions by specific stress conditions. A stress test plan cannot replace the mission profile. A specific
example of lifetime prediction that could be made based on mission profile is shown in reference 13.
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Commodity Products vs. ASICs

In the case of commodity products, these mission profiles are usually defined without a specific user (as in the case of an
ASIC), based on the intended customer base and applications. This case is similar to the case of an ASIC; the difference
being that the input does not come directly from the customer but instead from internal sources (such as marketing and
product definition). The definition of mission profiles for commodity products requires information and experience by the
semiconductor supplier for certain applications. Contents of the mission profile shall be documented for communication to
users.

Conditions of Use

The conditions of use are affected by various parameters, such as service life or mounting location. The following section
provides an overview of the conditions of use and the corresponding requirements.

In the same way, a few evaluation is required if the conditions of use change for a current component; for instance, if this
component shall be lised in a new application.

In the following text, [aspects of the mission profile are discussed in more detail.
Vehicle Service Lif¢
The most general ddta concerns the vehicle service life. This comprises informationon
e Service Lifetime
The total lifetime of the car
e Mileage
The total number of miles/kilometers that the car is assumegdto be driven during its service life
e Engine On Timg

The amount of timg that the engine and component is switched on (key-on time) and operationgl during the service
lifetime

e Engine Off Timge
The amount of time that the engingis switched off while several applications are running (such as the Jradio on)
e Non-operating fime

The amount of time femaining by subtracting engine-on and engine-off time from the total service lifetime

An example of this kind of data is given in Table 5.1 below.

TABLE 5.1 - EXAMPLE OF OEM VEHICLE MISSION PROFILE PARAMETERS - (HIGH-LEVEL)

Service Lifetime | Mileage Engine On Time | Engine Off Time | Non-operating Time | Engine On/Off Cycles

15 years 600,000 km | 12,000 h 3,000 h 116,400 h 50k (w/o start-stop)
> 300 k (w start-stop

NOTE: There are applications that operate continuously during, non-operating” time (such as, theft protection, alarm
system)
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Environmental Conditions and Stress/Load Factors

The environmental conditions can be classified into four main categories as listed below:
Thermal Conditions

e Seasonal/daily variation of outside temperature and extremes

e Ambient temperature inside ECU

e Junction temperature

Electrical Conditions

e Voltage
e Current
e Energy (transients)
e Electric field

¢ Magnetic field
Mechanical Conditijons
e Vibration
e Shock

e External load, sUch as pressure or tensile forces
Other Conditions
e Chemical reactigns
e  Humidity
e Radiation
e Electromagnetic|radiation

e Particle radiatior

NOTE: All load factors can be static or dynamic and can have spatial gradients that must be taken into account.

Thermal Conditions

The various levels of component integration require a clear understanding and definition of the meaning of the
temperature under consideration. Figure 5.2 indicates the locations of different possible points for temperature

measurement for different levels of integration.

The temperature measurement locations at the points defined in the Figure 5.2 can be used to describe the thermal
conditions in the ECU and the semiconductor components. The temperatures are defined as follows:

Tvehicle Mounting Location Ambient:

Temperature at 1 cm distance from the ECU package.
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TEcu Package:

Temperature at the ECU package.

Tecu Ambient:

Temperature of the free air inside the ECU.
Tecu pcs:

Temperature on the PC board

TComp.Case:

Temperature at the gomponent case surface.
Tcomp.Pins:
Temperature at the gomponent pins.
Taunction:
Junction temperatur¢ of the semiconductor component (or substrate).

Thermal conditions ipclude information about these temperatures.

Tf.cr;- Ans T,lunct\:n

FIGURE 5.2 - MEABUREMEMY\POINTS AND TEMPERATURES FOR TEMPERATURE CLASSIFIJATION WITHIN AN
ECU MODULE BOX

Actual component t=mperature depends not only on the outS|de temperature but is heaV|Iy dependent on the way of
mounting (such as pro - , sinks, etc.). Electrical
operation of the deV|ce itself Ieads to an addltlonal actlve heatlng of the dewce WhICh must be taken into account.

Temperature variation results in thermo mechanical stress on the component. These variations are caused by several
factors, such as outside temperature variation and drive conditions. Information about the outside temperature is essential
to evaluate thermal conditions for cold starts. Information about electrical operation conditions is needed for operating
temperatures. The relevant temperature is dependent on the element and the failure mechanism under consideration.

Electrical Conditions

Operation of the semiconductor component requires subjecting it to electrical loads. These loads are voltages (resulting
internally in electric fields) and currents. The parameters are either essentially static (such as supply voltages) or dynamic
(such as switching conditions) or a combination of both. Several operation modes may need to be considered, such as
engine on/off conditions. Special conditions, such as jump-start and transients, must also be defined if they are relevant
for the component. For certain semiconductor components, such as Hall sensors, magnetic fields also must be specified.
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Mechanical Conditions

External mechanical loads originate from vibration and shock. The possible effects of vibration depend strongly on the
way in which the semiconductor component is mounted. Mechanical fatigue of bonding wires or bonding pads, for
instance, could be caused by vibrations at the resonance frequency of hermetically sealed devices, but also structural
changes, fractures and loosening of connections could be caused and result in opens, shorts, contact problems or noise.
As well as vibration, mechanical shock may also be an influencing factor. These failure mechanisms result in the same

failures as vibration but are different from the ones stimulated by mechanical stress due to temperature cycling [14].

For specific components, such as sensors, mechanical loads - such as pressure - are inherent in their intended use.

Other Conditions

Other factors includﬁW@WﬂWﬂd&&eive substances that
lead to material degradation.

Humidity, especially
site dependant; for €
and 47°C in June in
such as degradatiorn
material parameters

Radiation is anothe
Electromagnetic ang
depend also on the |

in combination with temperature, is a very important environmental factor,”The
xample, the humidity in the US ranges from 93% RH and 37°C in August-in Orlar]
Tucson. Humidity is not only involved in corrosive reactions, but has, several othd
of adhesion or hygroscopic swelling resulting in mechanical stress. Humidity

environmental factor that bears on the operation and,reliability of the semico
particle radiation are two types. The widely differing<effects caused by theg
ind of device (for example, logic or memory).

General Remarks on Environmental Conditions

Obtaining a compr,
communication with
development (see al

Care must be taken
worst case assump
selection of a produg

6. TECHNOLOGY

Technology Develop
with a cell library. D
process is created ft
that technology. It is
characterization of it

Ehensive definition of environmental stress factors is often very difficult,
50 Figure 5.1).

to gather as much information.as possible, because lack of such information ofte
ions. The consequences of Such worst-case assumptions may be over-desig
t that is more expensive than*others that serve the same need.

DEVELOPMENT

ment is the activity’that creates a process flow and design rules; in most cases,
etails are described in section 3 (Process) of the Robustness Validation Manu
om the mission profile of the products or generic applications, which are planned
documented in the Technology Specification. A basic part of the qualification o
5 variability.

To improve the time

to-market some new technalaav develonment uses a new nroduct as test vehic
v g g 1

profiles are typically
do down to 13% RH
r detrimental effects
lso influences other

nductor component.
e types of radiation

and requires close

all parties involved in the supply chainithe more as conditions may change gluring the course of

N results in simplistic
n of the product or

is is in combination
|. The input for this
to be produced with
a technology is the

e. In this case, both

gualifications are performed in parallel. A multidisciplinary team approach shall be used to link the two parallel
development flows and to check their progress. Risk management at the design and technology levels shall lead the
qualification process.

The design rules are defined based on process line capability, elementary device simulations, reliability evaluations, and
historical experience. The design rules must be validated by characterization and reliability testing of library elements or
specifically designed test structures. Worst case and marginal structures should be considered as well as process varia-
tions. The results of these validations are part of the robustness validation result for each product manufactured on the
evaluated technology. The same generic validation procedure should be used for technology levels as for products.
Suggestions for design strategies related to identified potential failure mechanisms should be extracted from the
Knowledge Matrix (see section 16).
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Technology characterization and wafer level reliability results measure the performance for each failure mechanism (see
also section 14). The technology characterization and wafer level reliability also allow validation and updates of the
simulation models. Simulations, preliminary test vehicle characterizations, and preliminary reliability results allow
validation of the design strategy. During the pre-production phase, product reliability and characterization shall specially
focus on the risks identified by risk assessments (FMEA) during product and technology developments. Data collection
and analysis validate the process ability of the technology.

Prior to technology development projects, the reliability knowledge must be developed in reliability methodology projects.
These projects should focus on:

e New materials (such as metal gates)

¢ New application areas

e New process regipes

¢ New transistor designs (such as FinFet)

¢ New device elements (such as solenoids).

Deliverables of methodology projects could be:

e Physical degradftion models

¢ Phenomenologi¢al models in cases where the degradation physics.istot known
e Model parametefs for new materials or technologies

e  Spectrum of failyre mechanisms for new materials and technologies

After qualification hgs been achieved, the development phase ends with the readiness for high volume production. Major
deliverables at this goint in time are:

e Fully documentdd POR

e Evaluated monitpring plan (see section\13)

e Evaluated contrgl plan

e SPC operational, including-evaluated control limits

e Process and Prqduct FMEA

o Evaluated and gheatifted-gesigrtibrary
7. PRODUCT DEVELOPMENT

With the exception of pilot products for development of new technologies, products are usually developed using already
qualified technologies and libraries. Re-use of qualified elements shall be extensively encouraged. Previous production
data concerning the technology to be used, including production reject analysis, shall be inserted in the Knowledge Matrix.
Risk assessment should be focused on differences between new product and products already in production.

The development flow starts with a planning phase in which detailed plans are generated and validated, including the
necessary resources. Experiences from previous product developments should be taken into account.
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Validated design rules, libraries, and simulation models should be singled out. Suggestions for design solutions related to
identified potential failure mechanisms should be extracted from the Knowledge Matrix.

Design reviews ensure that the design meets the requirements in an effort to catch errors before they become defects in
the design. Simulations, preliminary test vehicle characterization, and preliminary reliability results such as pre-
gualification data allow validation of the design concept. Risk and robustness assessment shall be regularly reviewed
taking these results into account. More rigorously accelerated stress testing can be used to find the “weakest links” in
early development phase. During the pre-production phase, product reliability and characterization shall specially focus on
risks identified by risk assessments (FMEA) during product development.

Finally, the robustness assessment shall be done for each failure mechanism. Adequate test, detection, screening, and

monitoring strategies should be implemented in line with the final robustness assessment, before mass production.

If the measured rob

stness is below expectation, there are several possible reactions (see section 12).

The results of the ¢
devices produced c
characterization acti
number of iterations
by the user.

haracterization are used to finalize the data sheet and set up the testing requir
bmply with the functional requirements established for the application, It.Shou
ities, as a whole or in part, might go through various iterations before(they reach
depends on the device maturity and the findings from bench testing-and especial

From lessons learn¢d and best practices, it is believed that joint user-supplier emphasis on seve

areas will help achig
normal part of a sug
are defined below.
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KS AND FAILURE MECHANISMS

of an electronic component and the manufacturing technology used const]
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s risk assessment should be documented for further reporting. The Knowledd
this risk assessment process.

e Matrix

rix is a publicly accessible database containing data on the current state of
ed versions could exist based on company specific data; some of this data may k
be found

Knowledge (Matrix: The Knowledge Matrix
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The application of |

Robusthess Validation and the interpretation of the results require knowledge

of the basic failure
t must be known to

mechanisms. The rg
relate the failure m

ot-causes of these failure mechanisms and effects on the electronic componer

identify potential risks and to generate a qualification plan based on the mission profile.

In this database, every failure mechanism is described with the following information:

Typical cause of

The method to d

Name of the failure mechanism

the failure mechanism

Material(s) affected by the failure mechanism

etect the failure

e matrix is used to

Typical effect of the failure mechanism (considered at the product level of the electronic component)


http://www.sae.org/standardsdev/robustnessvalidation/km.htm
http://www.zvei.org/fachverbaende/electronic_components_and_systems/alias/device_level/knowledge_matrix_sc/
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The parameter to characterize the failure mechanism

Characteristics of the product and application known to calculate reliability figures

Design of a structure to characterize the failure mechanism

Methods to prevent the failure mechanism by design or preventive methods during fabrication
Optimum stress method to stimulate the failure mechanism

Acceleration model for the failure mechanism

Reference describing the physical degradation model of the failure mechanism

8.2 How to Use the Knowledge Matrix

To prepare the qualification plan, the potential risk and failure mechanisms must be identified.
mechanisms from the Knowledge Matrix requires a review of the entire Knowledge Matrix based on f

Selecting valid fall
revious qualification

efforts and anything jnew for the part to be considered. The cause and the failure columt/could contrilpute some ideas that

could help to make this list of failure mechanisms as complete as possible. To check-whether requir
the effect column, hich gives information about the effect at the product level,» should be take
application column gelivers additional information about whether certain failure;meéchanisms are re
are accelerated by dertain environmental conditions, like temperature or voltage. Before the failure m
for the risk list, it shquld be determined if it is related to only a specific matérial.

For the project at hand, make a list of applicable known potentiakfailure mechanisms using th
semiconductor group:

e Technology/progess (supported by PFMEA)

e Device (support¢d by DFMEA)

e Assembly/package (supported by DFMEA)

e Application/envifonment
To complete the list vith additional potehntial failures, check the following topics:

What is new (compafed to the mostsimilar process available, for instance)?

%)

Technology/proces

e Process step (etch; deposition, etc.)

bments are affected,
N into account. The
evant because they
echanism is chosen

b matrices for each

e Material
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Device
e New circuit confi
o
o
Design

New structure

e New layout

guration

New voltage/current levels

New element (such as a capacitor)

e Feature size (fof

Specification
e New parameters
e Changed param
Application enviror
Determine the n

e Determine how ¢
For each additional f
e The characterist
As a minimum: t

e Determine if it ig

which would be
The following is an €

If the supply voltagé

example, from 90 to 65 nm)

(AC, DC, timing)

bters (limits, extremes)

ment

bW environmental stress for the application

pach stress/combination of stresses affects therdevice

@ilure mechanism determine

cs/elements in accordance with the,various categories

he reliability test that would stithulate/precipitate the failure mechanism

possible to accelerate, the additional failure mechanism without introducing new
inexpected under normal use conditions.

xample of howsto use the contents of the Knowledge Matrix:

reliability can be stafted. The-necessary activities are (column headers of Knowledge Matrix in bold)

1. Find the failure

mechanism related to the failure cause or Affecting Operating Conditions vo

subsystem chip

failure mechanisms,

is definethin the semiconductor component specification, the risk discussion ¢f voltage effects on

tage and select the
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Sub Material Failure Failure cause Failure mode Detection Character Affecting
System mechanism Method of Degrad Operting

Conditions

37 chip Si02 dditional chargi mobile ions SR v T,

74  chip High kdielectrics Gate delectric hard BD surface mhm leak increase & G short 16 leak 1G leak
“contamination

51 chip Si02<=4nm GOX hard BD surface :ghnss G short 1G leak 1G leak AVT
ESD

lmkc defects
Ioa?aox mnnlng ,\b‘g

m% oxide thickness Q
dielectric defectivity 3)

variation of oxide thickness 1D, Tn reduction
mhﬂon in dog:ﬂpmﬂh vth

edge roug
61 chip 1MD, ILO @ hard 80 f“dmh . ﬂ?ldﬂm CU-diffusion G short 1G leak 1G leak AVT
charge tra
?~ m?:u«pﬁ‘n?r?mm
OJ mobile fons
ESD
line edge roughness

" ’

93 chip NMOS ate PBTI, charge trapping  process induced or Increase in absolute Vth NMOSIDS  V(VGS, VGD);
i pn-uktbg value of Vth, decrease vw. VDS, vs. T
u& variation thickness  in ld VGS charac-  duty
oxides variation in dopant profile terization
surface roughness
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2. One failure mechanism to be taken into account is gate oxide hard breakdown.

3. If the material is thick SiO2 gate oxide soft break down can be ignored.

Sub- Material Failure Failure cause Failure Detection Character Affecting
systen mechanism mode Method of Degrad Operting
Conditions
52  chip Si02>4nm  GOX hard surface roughness G short IG leak IG leak AVT
BD contamination high
E-field lattice
defects pinholes

charge trapping

local GOX thinning

mobile fons dielectric (1/
defectivity ESD NQ

4. The potential effect on IC level is a gate substrate short.

Failure
mode

G short

5. The characterist|c for detection and characterization is the same:the gate leakage current.

Detection Character
Method of Degrad

IG leak IG ledk

6. The extrapolation from test to productfapplication level must be done for the voltage, the tempegrature and the area,
which means that temperature and gate-oxide area are the other two limiting factors for gate oxide reliability.

Affecting
Operting
Conditions

AVT

7. The optimum design of the test structure is a transistor array. For this test structure, the failure criterion of the gate
leakage current must be specified.

Test Struct for
Evaluation

transistor array
or capacitor
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8. Stress method for qualification is Time-Dependent Dielectric Breakdown (TDDB).
Stress
Method
TDDB

9. Atthis point in time, an overview of all failure modes triggered by TDDB stress can be generated. The sum of all these
aspects gives a full picture of the coverage of the failure mechanisms for the qualification plan.

10. For this particular_example the physical model describing oxide breakdown is the percolation model and the
acceleration moflel to be used should be the E-model, if gate oxide thickness less than 4nmaHor additional details,
see references ip the Knowledge Matrix. Figure 8.1 illustrates how a cumulative failure distributionl measured on a test
structure must b transformed to the condition in the semiconductor component.

Ref (Stress Accelaration Ref (accel
Method) Mode:l model in
JEP122F)
N
Voltage (%)
o Ext
= rapoh@n t
% t63°/o stress ‘\ = 53%‘;9
Té A\ Area
= \_O Extrapolatign
‘\\O Temperature
Measured Intggic Eitapalaset
Dielectric),
Fail stribution \ Statistical
O Extrapolation
@ By %’? tiite
ifetime qQ ]
F = cumulative I
ailure density) ;
log({time) Target Lifetime
(e.0. 10 ¥)

FIGURE 8.1 EXTRAPOLATION OF FAILURE DISTRIBUTION
8.3 Limits of accelerated reliability testing

When creating a stress test plan certain physical and procedural limitations have to be taken into account.
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8.3.1 Limited load

capacity (stress ability) of devices and test structures

Test structures are used because of their specific properties like

e Sensitivity to a single failure mechanism

e Easyto analyze

e Easy to characterize and measure

¢ High load capacity (much higher than a normal product)

They are used in qualification tests which are designed to generate degradation under accelerated stress conditions in a

very short time. Th
mechanism changegd

e Local heating re
e Avalanche regio
e Breakdown voltg
e ESD failures if B
e Current densitie
8.3.2 Library elem
Library elements arg
e Basic design ele
e Easyto analyze
e Easy to charactg
e No overstress c3

They are used in q
conditions in a short

e No ESD protecti

1 <l 1 + rs % % % H o H Ll IH dacllo +la H 1
uau uric talt apply tU 1CoU olTULLUTT o 1o MiTyoludlly THTTCU Uy UIC TITAATTIUNTT val

. Typical examples for these limits are:

sulting in material structure changes, diffusion path changes
h of pn junctions for standard voltage acceleration

ge of dielectrics if degradation is evaluated

SD is not the topic of investigation

5 in EM tests of interconnects which generate melting

ents

also used in stress tests. Their specific properties are

ments

rize and measure
pability

Lalification tests which are designed to generate parameter degradation unde
time. Theirstress capability is limited because

olpl

e before the failure

elevated operating

e Current density and-vottage-stresstmited-bydesignrutes

8.3.3  Electronic components (products)

In some cases the electronic component is best suited for being used in a qualification tests due to the following

properties

e Performance according to spec

e Robust under operating conditions

e Protection circuitry
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Limits for the application of electronic components are

Stress coverage

8.3.4

T stress limited by mould compound or bonding
V stress limited by protection circuitry
| stress limited by voltage regulation

Failure analysis limited by available resources

of el function hard to evaluate

Limits of application range of test methods

Stress tests could be
e Certain technolo

o Certain paramet|

Example Helium Fin

Designed to eva

e Perfect for metal

e For polymer seal

8.3.5 Limited reso
Resources for reliab,
the project schedulg
available is defined

on the most critical i
to be avoided. The t

8.3.6 Limited time

The number of new

With every new mats

Certain material$

restricted to
gies

br ranges

b Leak Test

uate hermeticity of MEMS packages

lic seals

ed packages of no use due to absorptioniproperties of polymers

urces for reliability evaluation

limits the available time for these activities. Time when information for productio
Dy market, not related to‘the complexity of the problem. Therefore resources havi
ssues and during thewearly phase of development. Activities which do not gener
ade-off between residual risk, costs and time-to-market has to be found for every
for implementation of lessons learnt

Materialssand process recipes increases with every new technology generation.

brial 'or process

lity evaluation are limited because high level experts, test equipment are needed. On the other hand

h decision has to be
b to be concentrated
hte information have
product

totally uncritical in the past can be a major issue in the future.

The degradation

The statistical m

model parameters have to be evaluated and verified.

odel has to be evaluated and verified.

Stress test conditions have to be developed

Analysis technologies have to be developed

The criticality of failure mechanisms have to be reviewed. New failure mechanisms are very rare, but what has been
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The frequency of intr

targets.

8.3.7

oducing new technologies stays constant or might increase in the future.

The resources have to be focused.

Limited knowledge on models and failure mechanisms

Keep in mind that the qualification statement is statistical in nature:

e Extrapolation fro

m stress to operating conditions

The time for implementing the results of the new reliability methodology has to be used more efficient to reach the

e The qualificatio

e Defects and ma

RV performed corre
levels statistically se
a continuous effort ig

9. CREATION OF
Each Qualification P
e Characterization
e Reliability test pl
Demonstration g

9.1 Reliability Tes

statement-describes-the-situation-at-a—certairrpointin-time

erick phenomena on low failure level have to be covered by containment activitie)
'tly generates the basic information to achieve PPM levels but qualification canng
E also section 9.5. A lot of progress has been made to understand,the physics be)
needed.

THE QUALIFICATION PLAN

an consists of three basic elements:
plan (section 9.4)

pn (section 9.1)

f manufacturability (section 9.4.1)

Plan

All failure mechanis|
already existing fro

(see also section 6).| The applicability of generic data must be demonstrated. Some types of input to t
could be extracted flom the knowledge database:

complete semi

availability or anplyzability*should also be taken into account.

The test structure that couldsbe used for reliability characterization. Circuits, sub circuits, librg

The stress methpd-that could be used to address and accelerate the failure mechanism.

Ims that have been identjfied as potential risks must be addressed by reliabil
previous investigations.ordata from the development work could be used to cq

nductor .cemponent should be considered as the appropriate test structun

5

t demonstrate these
hind the failures, but

ty data. Information
nfirm low risk levels
ne Qualification Plan

ry elements, or the
e. Criteria such as
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Special attention must be given to the failure rate of the specific test structure. There is no generic rule about the manner
in which this number is calculated from the failure rate target of the product because of the potential difference in the
failure paretos. If, for example, one failure mechanism dominates the failure rate of the product, the assumption that more
than 50% of the product failure rate may be due to this dominant mechanism is reasonable. However, if several failure
mechanisms have comparable failure rates, the product failure rate must be distributed among them. For the assessment
of reliability, the Qualification Plan shall contain the following information for every stress test:

are rated as irrel

application cond

evant)

Acceleration model used

Targeted failure mechanism(s), including an explanation of relevance (give rationale if the typical failure mechanisms

Vehicle (= test structure): The test structure must be representative of or related to the product design and the

itions that the Ir__\rnr‘lum‘ may. nvpnrianr\n nthe field _This may- rnqnirn detailed doct

mentation.

Stress method

Stress condition
mechanism to b

Sample size or
failure mechanis
phase.

Parameter for ch
Method of failurg
Fail criteria (P
Readout times o
In certain instances,

the user of the comy
user.

An example and tenpplate that includes(these elements in a Qualification Plan is shown in section 17

characterization, a t3
to its requirement.
during stress. In son
requirement and P
relevant tolerances.

5 (parameterization of the stress test): Stress conditions must be optimized with
b addressed.

number of lots: Qualification shall provide statistically valid- data for the dema
ms. Failure rates in the range of ppm at the product level cannot be demonstratg
aracterization (P) of the test structure

analysis for characterization, if needed

or acceptance criteria

I intervals and criteria for the end of test

reliability validation may also fequire verification at the ECU level. This can only
onent and requires agreement and cooperation between the manufacturer of the

irget value is needed as a gate to separate the failure case from the expected pe

espect to the failure

nstration of intrinsic
d in the qualification

be accomplished by
component and the

. For every reliability
rformance according

[his target value-is applied to the parameter P that is used for characterizatior
e cases, Piyge: is not directly defined as a requirement. In such cases, the rela

The characterization

of the degradation
jonship between the

must be<known. The target value could be a lower or upper limit or a range and shall include the

column of the Knowledge Matrix indicates which parameter should be measured during stress to

generate the degradation over time. To calculate the lifetime under stress conditions, a fail criterion must be defined that

is related to the requ
e Leakage current
Resistance for e

irements or the spec values. Examples for degradation parameters are:
for gate oxide related failure mechanisms

lectro- and stress migration

Transistor parameters (such as threshold voltage, drain current or trans conductance)
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Acceleration may be limited due to items such as competing failure mechanisms or the intrinsic robustness of the system
or design. An insufficient number of failures may occur during economically acceptable test duration (for example, due to

physical boundary conditions). There is no generic solution that fits all cases, but potential options are:

Choose more se

nsitive failure criteria and correlate the results

for other cases, see, e.g., [15]

Increase the sample size and stop the test after the first part of the failure distribution has been measured

When only a portion of the distribution fails, the statistical solution for lognormal distributions is described in JESD 37;

If there is no failure, one could make the following assumptions and estimate the lifetime of the failure mechanism:

Use a known mg
Assume that the

Before performing
already available th

mechanism. These generic data could have been generated by testing an object different from the o

but the data may be
a package technolog
of it, assembly techn
application condition
A qualification family
Examples:
o A die family will
[ ]

A package famil

Family definitions, te

alal ol H 1 + L lo. £ 1 L chiateila s AY
ucihaliu typivdl JardaltitiTlio (oULlT do TUT TUYTNuTTTar Uistrfivutivri)
first device under test fails right at the end of stress time

nany expensive and time-consuming qualification tests, it should be determine
at demonstrate the robustness of the semiconductor component_with respect

valid for a group of objects. An object could be a semiconductor component, a p

ologies or parts of it, packages, or semiconductor compgnents with similar functig
5. The relevance of the application of generic data must'oe supported by other dag

will be defined by its manufacturing attributes (material, site and processes).

be defined by its wafer fab attributes
 will be defined by its assembly aftributes only

st results, and the applicability of those must be clearly communicated to the cust

Example for one falil

A certain functionality required by the _customer of an electronic component can be achieved only

certain complexity.
minimum feature siz

re mechanism - electromigration

d whether data are
to a certain failure
ne under discussion,
hckage, a wafer — or

y. These groups of objects —called qualification families— cauld’consist of wafer fechnologies or parts

ns, specifications or
cuments or data.

omer.

f the product has a

he minimum.feature size of the technology could be defined from the requi
is associated with a maximum current density in interconnects, which together

ed complexity. This
ith a corresponding

lifetime and failure rdte, is a relidbility target for the reliability qualification of the technology. The failur¢ mechanism related
to current density is|electromigration. The failure criterion is defined by the maximum resistance change tolerated by the
design of the produgct. In~this case, the critical parameter for reliability qualification is AP = AR.
design, the target failure rate could be reduced or the lifetime could be prolopged by keeping the

current densities to

y applying reduced

failure rate constant.

9.2 Definition of a

9.2.1 Wafer Fab

Qualification Family

All semiconductor components using the same technology, process and materials with common major elements (such as
90 nm effective channel length, Cu metallization, intermetal dielectric material, shallow trench isolation), are categorized
as one qualification family and are qualified by association when one family member is successfully qualified. Family re-
gualification is required when the process or material is changed significantly (major process changes). Typical
considerations for wafer fab process descriptions are: design rules, lithography technique, metallization, polysilicon,
dielectrics etc.
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9.2.2 Assembly Processes

The processes for plastic and hermetic package technologies must be considered and qualified separately. All
semiconductor components using the same process and materials, with common major elements (such as biphenyl mold
compound, Alloy 42 lead frame material, Pb-free lead plating), are categorized as one qualification family and are
qualified by association when one family member is successfully qualified. Family re-qualification is required when the
process or material is changed significantly (major process changes). Typical considerations for assembly process
description: lead frame, die attach, package material, bonding, external lead finish etc.

9.3 Qualification Envelope

For ASICs, the alignment of requirement with the specification of technology and semiconductor component can be done
by direct correlation. For cases in which a broad spectrum of applications must be addressed an adapted approach for

generating the qualifica

separately is one w|
leads to overly con
advantageous to def
the difference betwe

The more efficient a

In cases where spe(
the semiconductor (

margin, and spec @rea must be found based on generic market inforyation.

semiconductor com
intended application
design. This means,
and high robustness

y to create this envelope (specrfrcatron X in Figure 9 1) In many cases, how

ervative specification, unnecessarily increasing the cost of development\ana
ine the envelope in more detail to generate an efficient solution (specification R).
En the two approaches for two spec parameters A and B.

pproach fulfils the same requirement from Applications 1 and 2 and, prevents over

omponent and the correspondent qualification envelope.(The trade-off betwed
In this case, the
ponent must be measured with respect to this genérie’ specification, so that th
can be calculated in the process of choosing a.semiconductor component fg
for instance, that the same product could fit into\a safety relevant application wi
and fit into an uncritical application with a higher spec value and lower robustnes

cified characteristic
bver, this procedure

gualifications. 1t is
Figure 9.1 illustrates

Lengineering.

ific applications are not known, it becomes a strategic decision as to how to defjne the spec area of

n costs, robustness

robustness of the
e robustness for an
r a specific module
h lower spec values
5 margin.

Specification X

rameter B

2

Specification R

K
4/0
o

Parameter A

FIGURE 9.1 - SPECIFICATION OPTIONS FOR DIFFERENT APPLICATIONS
9.4 Characterization Plan

The Characterization Plan should include the plan for material and testing to ensure the functionality of the product over
all production variations and all temperatures and voltage ranges. Testing should be at both spec limits and beyond (as
appropriate) to determine the margins. The plan should include process variability (that is, corner lot details) to show the
range of production material. Data should be statistically summarized to show Cpk of each parameter. Any data from
previous characterizations is also useful. The purpose of this is to make sure that the design and production are capable
of maintaining specified Cpk values for all specified parameters.
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NOTE: The user shall not exceed agreed upon specification limits under any circumstances. Characterization beyond
specification limits is for information on robustness only. If at any time a part is found to operate, during the
application, beyond the agreed upon limits, requires agreement by both parties, especially legal and financial

indemnificat

94.1

ion to the supplier on the part of the user:

Process Characterization

Process variability characterization may take the form of process corner matrix lots containing groups of wafers that have
one or more process steps varied by plus or minus several sigma’s. If process variations cannot be produced in a
dedicated manner, test samples may be selected by using SPC data to identify wafers or test samples near or beyond the
limits. The chosen process steps should be known to directly correlate to specific functions or electrical parameters
affecting the performance of the device in a given application. The packaged devices from this material can then be
assembled into an automotive system to understand which region of the process space yields the best performing

devices. This type o
little or no relation to
a more demanding
appropriate data exi

1.

2. Correlate these

3. Determine if the
design-of-experi

4. Assign statistica

5. Record variable

variables data fq
Cpk, and upper

These variability cor

characterization should be performed for new supplier semiconductor compone

nt designs that have

previous designs, the first automotive application of an existing semiconductorc
hutomotive application for an existing design. The characterization requirement
5ts from other project(s).

Determine relevant failure modes of the semiconductor component that can affect the application

ailure modes with the corresponding process parameters that affect them

re is independence between the failure modes and the, cérresponding process
ments may need to be performed.

ly significant sample sizes to each process cornersplit when performing electrical
electrical parameter data over extremes oftemperature, voltage, frequency,
hnd lower spec limits for each process carner and extreme sampling.

siderations should be done by appropriate simulations of critical sub circuits. Tyy

plans may include the demonstration of process variability. This may be in the form of a corner lot

parameters (thresho
component performa
should be used as a
9.4.2 Device (sem

The characterization
plans may include:

Min/Max operati

d voltage Vt, effective channgl length L, etc.) to be varied and the expected effg
ince. The yield values shall be assessed with respect to the target yield and pote
starting point for continuous improvement planning.

iconductor component) Characterization

conditions depend on the component under consideration. For digital circuits, tyg

Ng parameters — tests that find min/max conditions for supply voltage, bus timing,

P |2 bhaovraotarioad to-find tha ot Sl foil lavale 1/ 1oy ala)
T T

bmponent design, or
5 may be reduced if

parameter. If not, a

testing.

and/or loading. The

r each parametric test should include a suimmary of mean, standard deviation, minimum, maximum,

ical characterization
lan including device
ct on semiconductor
ntial yield detractors

ical characterization

frequency, etc.

Margin testing

woltao o H
vOTTaAg Tt coorara OOt POt A IC Ve TS (IO 1T VETS)

supply current margins to the spec.

Current level characterization — measure all leakage, 1dd, etc. currents to determine margins to the specification

Power supply current level characterization — measure Idd, and Alddg, to determine static test pattern and power

Leakage current level characterization — measure all leakage currents. Measuring leakage as a condition of

connecting Vcc/GND directly to CMOS gate and determining the spec limit, in order to detect potential defects, helps
to improve robustness.

Oscillator param

PLL characterization (stabilization time, lock, jitter)

etric tests
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TABLE 9.1 - REQUIRED SAMPLE SIZE FOR DIFFER ENT FAILURE TARGETS ASSUMING 90% CL

9.4.3 Production H

Production parts frg
observe if the proce

if process corner mg
yield and performan

1. Decide on a statj

2. Record variable
part tested. Th¢

3. If attribute data

result in Schmod

9.5 Sample size ahd basic statistics

Typically sample siz
high volume produg
catastrophic proble
are listed which are
failure is detected. T®

m a centered process can be characterized over temperature, voltage, frequ
understand its inherent variance. Devices from specific parametric exttémes can then be assemb
bS centering yields weak regions in the process space. This type of characterizat
itrix lot characterization proves to be too ex-pensive or time consuming for the anticipated benefit in
Ce.

b variables data for each parametric test may include a summary of mean,
minimum, maxinpum, Cpk, and upper and lower'spec limits for each extreme sampling.

bs available for qualification are small compared to the failure target which shoul
tion of<the electronic component. A Zero-Fail @ stress strategy is only able

samples | failure (dmp)
24 100000
231 10000
462 5000
2304 1000
4606 500
23027 100
115130 20
230260 10

art Lot Variation Characterization

stically significant sample size if the entire'lot is not to be tested.

electrical parameter data over extremes of temperature, voltage, frequency, andg

s to be taken, electrical tests over extremes of temperature, voltage, frequency

bncy and loading to
ed into a system to
on can also be used

/or loading for each
standard deviation,

and/or loading may

plots diagramming-the'functional parameter space within which the part will opefate.

s aréqot expected to happen. This can easily be seen in table 9.1 where the nu
eeded to demonstrate a certaln failure number with 90% confldence assumlng

] be achieved under
to demonstrate that
mber of test devices
that after the test no

A failure distribution as shown in figure 9.2 with 50 failed devices out of 77 samples could be used for extrapolating down

to the ppm target lev

el at a specific stress test time.
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FIGURE 9.2 - H

Besides the knowled
shape and the scale
Calculation of the 90

T & ¥ £5

0,1

100 ppm

A

-

10 ppm

1 pppm

10 100

<1000
t(h) QO

&L

CONFIDENGBEJCURVE
ge on the failure mechanism the RV\concept generates statistical data, for a W

% CL curve of the extrapolationis*also possible.

The RV-Method generates statistics knowledge) which could be used for better risk analysis. With
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parameter (t63), to perform mareypowerful statistical analysis compared to thg

bNts with respect to the stress test parameters as defined in the Qualification Plan

CLUDING 90%

pibull distribution the
zero fail approach.

known acceleration

The equipment must

, and the tolerances
bd description of the

se the full program.

There must not be a stop-on-first-fail nor must parameter values be substltuted by error log values. The latter should only
help to identify problems during testing. The parameter values will be needed for further drift/fail analysis. Critical
parameters may be monitored continuously during the entire characterization procedure in order to react quickly and in a
focused way in case of failures. The measurement frequency must be adapted to the level of acceleration.

NOTE:

It is not useful to log parameters not related to the applied stress for all readouts.
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The output of the qualification test shall be documented with the parameters listed:

Pi = P(ti), if there are discrete readout intervals, denoted by the subscript i

Fail distribution (TTF) under stress condition

P = P(t), the change of the parameter over the time of stress if there is a continuous degradation or

Confirmation is needed that the intended failure mechanism has really been activated. Different failures that may

occur but are not correlated to the addressed failure mechanism must receive special attention and must be treated
separately in the lifetime/risk assessment. Such failure mechanisms may show up as irregularities in the degradation
curve or failure distribution, such as bimodality.

Model used to ¢
Other factors th4
NOTE: In some cag
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es, only the time to (catastrophic) fail is recorded (example: in many cases, TC |
example, electrical failure due to cracking, that cannot be obseryed during deg
bn and propagation). In such cases, only the time to fail, tf, is available.

ation, the lifetime per failure mechanism can be calculated:

ress conditions tsyess
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ed, a qualitative evaluation could be used. This procedure requires knowl
DNS.

ASSESSMENT

bssment must be done separately for each identified failure mechanism using th
sks and failure mechanisms for this qualification were assessed. Failure mecha
Cur in the qualification ‘Will also be assessed for robustness. The robustness ass

ess Diagram and comparing stress test and characterization data to the requirem
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During reliability qu
Si (see Figure 11.1).
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n of the stress value

gradation curves could be:

Resistance degr

adation at various current densities and temperatures

Degradation of the 1-level vs. read/write cycles of non-volatile memories
Degradation of the small signal gain of a common source amplifier at various stress voltages

Degradation of the output current of a current source at various stress temperatures
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Whenever the degradation curve reaches the failure criteria Pget, the lifetime tP(Si) corresponding to the stress value Si

is determined.

Pa P = P(t)

S, <S5, <S;

A L) r

11.2 Determine Bojindary of the Safe Operating Area

The boundary of the safe operating area can be calculated from the stress lifetime values tp(Si

Stress/time values |
failure.

The stress-lifetime
Matrix). If the modg

described in JESD91A (Method for Developing Acceleration Models forElectronic Component Failure

11.3 Determine Ro

curve can be extrapolated to use conditions if the @cceleration model is kno
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FIGURE 11.1 - RELIABILITY CHARACTERISTIC AS A FUNCTION OF TI\ME

elow the measured curve do not result in a failure; values on.and above the

| is not available from the knowledge matrix or rélevant standards, one shoul

Stress 4

FIGURE 11.2 - SAFE OPERATING AREA

bustness Target and Area

) (see Figure 11.2).

curve will result in a

vn (see Knowledge
d apply the method
Mechanisms)[2].

The robustness targ

bt could be. cpnnifind interms of either lifetime or use/stress conditions nnpnnrli

ng on the sensitivity,

the robustness target should be specified (see Figure 11.3). Defining the robustness target requires the following steps:

e Define robust lifetime t,op,st Under use conditions

o Define robust condition P, at target lifetime

e Draw robustness area around the point of use taking into account t,pust and Propust (Dlack line in Figure 11.3)
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FIGURE 11.3 - ROBUSTNESS TARGET DEFINITION
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EIGURE 11.4 - ROBUSTNESS EVALUATION
bustness Matgin

is thereference for the robustness comparison (Figure 11.4). The measured dat|
ared’to the robustness target.

p for P = P(t) (brown

If the measured robustness curve (brown curve in Figure 11.4) is outside the target area (blue boundary in Figure 11.4),
the robustness per failure mechanism is sufficient. The green bar defines the measured robustness margin with respect to
a specific failure mechanism and a target value (see also Figure 4.2).

If the measured robustness is less than the target, measures for improvement of insufficient robustness must be applied.
These measures are weighted by the severity of the effect of the failure.

Robustness margin can be represented using the Robustness Indicator Figure (RIF). RIF is defined as the distance
between the failure point (Paiure OF triue) and the requirements (P at use conditions or tger). Taking the time to measure
robustness margin, then

RIF = traiiure — tiarget
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Because in general robustness of a parameter means that the parameter is less sensitive to the change in the statistics of
the input parameters (conditions of use, process variations, etc.). Therefore, it is useful to introduce a deviation parameter
o to the RIF. Furthermore, because reliability lifetimes are often Weibull or log-normal distributed, so In(t) is used which is
(approximately) normally distributed. In analogy with Cpk, an RIF of a reliability parameter is defined by

RIF = [In(tfailure )' In(ttarget)]/ 30
e trire = Mean stress failure time of different sample sets at required failure rate

e turget = required lifetime at stress conditions

e 0 = standard deviation of stress failure time [In(t)] of different sample sets and also may include deviation from use
conditions.

Robustness margin falculated with this RIF indicates not only the distance to the required target but alilso the sensitivity of
response to the extefnal variations.

12. IMPROVEMENT
If the measured roblistness is less than the target, there are several possible reactions. Some of thg measures could be
applied before the rpbustness measurement in the development phase. In all cases, this is the preferred approach. The
following options for|improvement are not sorted by priorities or effectiveness. Each option must be checked to determine
which measure is th¢ most effective and the most efficient and therefore haso receive top priority.

a. Stress Set-up Review

When the evaluated|robustness does not match the targeted level, the first step (least expensive) cdnsists of a review of
the set-up and the data. The following points should be checked:

e Confirmation of data:

. ArIe the stress conditions correctly<defined (for example to avoid overstress that |stimulates irrelevant
fajlure mechanisms)? Is the equipment calibrated?

e Are the measurements conditions under control?
¢ Review of sample selection:
o Ale the samples.representative for the production?

o Were weak.engineering samples selected for test?

. AvIe the already stressed samples identified?

e Feasibility of failure mode:
e Isthere a good matching between targeted and obtained failure mode?
e Whatis the model used?

¢ How are the model parameters used from the extrapolation chosen?
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e Review of st
[ ]
[ ]

e etc.

ress method:

If the insufficient robustness is confirmed, improvement measures must be defined.

b. Mission Profile

Review

Is there a good matching between applied stress and targeted failure mechanism?

Did the test comply with the appropriate industry standard test method (i.e., JEDEC, IEC)?

A more detailed review of the mission profile, especially for the critical topics with low robustness values, should be

performed to identif
could be a newly dd
critical topics.

c. Application Re
The robustness of &

design with the uss
issues could be add

Also, both design teams can become educated on proper device use and spgcification.

Check if a robus|
e Part de-rating
d.

Screening Strat

The screening strate
during the reliability

The screening strate
Deployment of F
Deployment of S

Standardization
functionality, pro

More robust system design
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fined point of use. A tool like FMEA could support this activity to quantify the| A
iew
L product is reflected in the application. Improvements could be_made by align

r application through co-engineering activities between the Supplier and the
essed if the supplier and the user are involved and understandthe use applicatid

fness target is required in detalil

egy

gy should be adapted to the failure rate target. It should address the failure m

result of this activity
sks associated with

ment of the system
Iser. Design-related
n and requirements.

bchanisms identified

jualification. The failure mechanism Knowledge Matrix could be used in the adapfed stress method.

gy should be based an
art Average Testing to detect and eliminate the outlier devices
tatistical Yield-Analysis and Statistical Bin Limit to separate the abnormal wafers

of tests programs: definition of a basic test program template, based on fronten
ductand application specificities

I technology, blocks

If burn-in is used to reduce failure rates, it must be demonstrated by a burn-in study that the relevant failure mechanism is
really addressed. In some cases, the weak parts are related to certain locations on the edge of the wafer. If this is the
case, the wafer edge exclusion zone can be changed to solve the problem [10].
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e.

Design for Reliability (DfR)

DfR is a powerful approach to prevent reliability problems in the application by early application of design measures.
Therefore, the measures listed below should have been applied already during the design phase. Depending on the
reasons for insufficient robustness, the enhancement of these measures should be discussed in this phase. Potential
measures are:

f.

Technology solution
Robustness Validati
definition, but examg

Redundant design

Combined with an adequate simulation tool and the data of the Robustness Validation, the weak links in the design
could be identified and mitigated. Examples are redundant vias and broadened lines in the interconnect part of the

semiconductor ¢

Reliability simulg

omponent.

tien

Simulation shou
simulation data

Part de-rating

Technology/De

Junction tempe
activate a low pqg

Lowering voltags

Multiplying or T
requirements.

Critical element
circuitry able to {

Use chip parasit
Use stress relief

Tighten process

5ign Solution

s are the set of smart solutions (coupling process, design, and application)
bn gap. The comprehensive list cannot be provided here as these solutions reg
les could be:

ature watchdog. This device monitors the product operating junction temperg
wer mode with reduced functionality mode when the junction temperature is aboy

 for voltage driven risks. (pushing the process to its capability limit)

pmoving critical elements, like*decoupling capacitors, if they do not meet
redundancy and switch .capability: The critical element (like a capacitor) is con
witch to a new capacitor if the first one fails.

¢ structures to clamp or bypass critical stress conditions.

packages-tolabsorb and limit damages related to mechanical constraints if prese
limit

address robustness issues

Chip redesign t

Id be performed again using the Robustness Validation results to impreve the accuracy of the

able to resolve the
uire a case-by-case

iture and is able to
e a defined limit.

the mission profile

frolled via a defined

nt in the application.

The robustness, a trade-off must be found. The solution depends on the weight of these factors:

Cost
Schedule
Quality

Performance
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When robustness improvement cannot be achieved by the means indicated above, the project situation and the related
risks must be reviewed between the customer and the semiconductor component supplier.

The preferred strategy is to perform iterations in the definition of the product mission critical elements in order to offer a
more effective trade-off between risks, performance, development timing, development costs, semiconductor component
cost, and end-user requirements.

A typical example of such a situation would be if the current prevention techniques do not enable the expected target in
the mission profile to be met. A potential trade-off in such a situation is to increase the silicon size, and costs, to add error
detection and correction circuitry, for instance at embedded DRAM specific failure modes.

Before implementing the solution for improving robustness, the proposed solution must be reviewed with respect to
several aspects:

¢ Is the expected improvement good enough with respect to the robustness target?

e Does the solutio

n influence the robustness with respect to other failure mechanisms?

What is the implementation risk (probability that the implementation fails)?

In most cases, the splution of a problem of low robustness generates some basic knowledge. This codld be:

¢ New design strategies

e Better understar

ding of degradation or extrapolation models

Better understar

ding of mission profiles

This knowledge sho
projects. New failure
8.1).

NOTE: Continuous
scope, is ou

13. MONITORING
13.1 Planning
Qualification reflects
The information an

Robustness Validati
of the definition of

I1d be fed back to the corresponding knowledge base to be made available for th
mechanisms or their model descriptiorrshould be used to update the Knowledgg

improvement to achieve the concept of “Zero Defects” [6], while important an
side the purview If there is-mare than one option to improve of this document.

the status_6fthe product/technology at a certain point in time, based on a certain
d knowledge gathered during qualification serves to evaluate the paramete
bn with reéspect to their criticality during ramp-up and volume production. This eV
onitoring that is needed to control the stability in the production phase. A templa

e next generation of
b Matrix (see section

d comprehensive in

limited sample size.
rs reviewed during
aluation is the basis
te for the monitoring

plan is included in th

e'reporting template.

Monitoring shall be based on a risk assessment that must identify potential failure mechanisms for the production phase
including intrinsic and extrinsic failures, analogously to qualification. Identification may be based on, but is not restricted

to:

Observation of failure mechanisms during development and qualification

Mechanisms covered in a FMEA

NOTE: A monitoring parameter may address more than one failure mechanism.

Previous experience with products using comparable materials and/or processes and production tools.
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A monitor for each failure mechanism must be established. This monitor can address the parameters relevant to the
failure mechanism at different levels. The monitoring parameters are typically chosen from different groups of parameters:

¢ In-line process parameters using SPC

e Electrical parameters at the wafer level with special focus on Key Parameters using SPC

e Final test parameters of the semiconductor component with special focus on Key Parameters using SPC

o Defect related tests, like Iddq or Alddq

e Highly accelerated stress tests, such as fast wafer level reliability (fWLR) tests

e Defect density nyormitors

¢ High voltage tests with the semiconductor component

e Specific testp on flash cells, such as erratic

e bit, moving bit, clycling endurance

e PAT, SBA

e Burn-in

¢ Reliability monitgring using the semiconductor component

Monitoring of intrinsif failure mechanisms usually needs only small sample sizes, as in qualification. S

failure mechanisms

Mmay require the use of cumulative monitdring data, aggregated over a certain pe

sample sizes are negded to detect PPM levels of defects.

A reliability mon
Frequency of mg
Sample size: to
Response rules

Rationale in cas

toring plan must be set up before the start of production. This monitoring plan shd
nitoring: The frequency of the monitoring must be aligned with the ramp-up/prodt
De aligned with the ramp-up/production volume.

n case of deviations in the monitoring results

b of referéncing to other technologies/products

e Stress tests/pa

vehicle or the semiconductor component itself.

ampling for extrinsic
iod of time, as large

uld contain:

ction volume.

specifically designed

réTmeter measurements and test structures to be used. Test structure could be a

e List of components in the same relevant family that are to be monitored to cover the qualified component.

These elements are usually recorded and shared with the user in a Process Control Plan. Monitoring data should be
checked continuously for indication of deviation in performance or reliability with respect to the robustness status at
qualification. Special focus should be given to any extrinsic mechanisms that could not be evaluated during qualification.

Generally, unexpected behavior or anomalies shall trigger analysis or problem solving activities like 8D. In case of new
knowledge generated by monitoring data, this information shall be fed back to the appropriate knowledge data base like
FMEA or the Knowledge Matrix.
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There will be occasions on which the supplier will want to implement a change to a qualified product in production to
improve the product, throughput, manufacturing capacity and/or cost. While there are a number of industry standards and
individual user and supplier requirements for qualifying these changes [3, 4, 5], these are outside the scope of this
document. Suffice it to say that the user and supplier will need to agree on a robustness validation plan for changes using
the concepts outlined in this document. In case of changes in the product or new application conditions, the monitoring
plan must be reviewed.

14. REPORTING AND KNOWLEDGE EXCHANGE

The section defines documentation contents as well as communication paths along the value chain for clear
understanding and agreement among the partners. Focus is set on the basic relationship between the semiconductor
component and the ECU manufacturer. Special cases, such as direct communication Tier2 to OEM or intermediate steps
from Tierl to OEM regarding component aspects need to be described and contracted individually at the beginning of the
cooperation.

Reporting differentiafes between Commodity Components and ASICs
14.1 Content, Strugture

is recommended to

For reporting during

robustness was val

the module development and semiconductor component introddction phase, it

ated by test structures, at the product level, or based on process monitoring

use the basic struct}jre and form of the APQP method. The report must cover all relevant failure mo

template for docum
robustness validatio
details on parametel

14.2 Documents fo
The contact partners
documented at the

identified and docum

Generally, the sharg
supplier and the cus

15. EXAMPLES

nting the RV of semiconductor components is given in anpex section 17. For ¢
h report should be based on an assumed mission profile,<which is to be documen
s which have to be specified for commodity products’see RV-Manual.

Communication, Handouts and General Remalrks
and addresses or functional entities in thé.organizations of the involved parties
Start of the project. Restrictions to information that is considered to be confide

ented in detail during project start.

of confidential information is regulated and described by a Non-Disclosure Agr
omer.

15.1 Examples of tihe Lack of or Poor-Qualification

15.1.1 Delaminatio

This example show|
between the mould ¢

N between Mould Compound and Die/lead Frame

5 that, end-of-life testing is needed in order to correctly assess the risk of pq
ompound and die/lead frame.

After being used for

fHes, no matter if the

data. A link to the
ommodity parts, the
fed in the report. For

must be agreed and
htial must be clearly

bement between the

tential delamination

- vaare with 2 millinn nartc 1n o cafaivy oritica]l annlicatinn wiathaut dicnlavinag 4
BAo—y-eHS— W=+ HHEH—PaHts—tH—a-5Satety—6 SpPPHeHOH RO USSPy Hg—

ny prior trouble, the

Treroetr

semiconductor component suddenly displayed a sharp increase of catastrophic failures due to lifted bond wires.

Temperature cycling using standard stress test qualification procedures did not show any failed parts, which means that
the material in use in the field would have passed qualification because the standard stress test resulted in no fails after
the required stress time. This demonstrates the weakness of the standard method [5] because either the automotive ap-
plication was not covered by the stress condition or the acceleration factors were different from the ones used in the
standard. Both weaknesses would have become obvious if end-of-life testing as required by Robustness Validation would
have been chosen.
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