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By the turn of the century automobile warranty periods had increased from 12 months to 3, 4, 5 (and even 10 years for
some systems) and most manufacturers had started specifying life expectancies for vehicle components of 10, 15 and
sometimes 20 years. And by this time several vehicle manufacturers and their best electrical/electronic component
suppliers had improved reliability to the point where warranty data was being expressed in parts-per-million (ppm) in the
triple, double and even single-digit range. This translates to failure rates in the 0.05f/10°h range and better! The
achievement of such high reliability is not the result of test-to-pass reliability demonstration testing based on binomial
distribution statistical tables. With this method, reliability demonstration in the 99.99% to 99.9999% range would require
thousands of test units! On the contrary, the methods and techniques used by engineering teams achieving such
reliability excellence did not require increasingly large sample sizes, more expensive and lengthy testing, or more
engineers. It is about working smarter, not harder; and about systems-level robust design and robustness validation
thinking rather than component-level “test-to-pass” thinking.

The task force leadgrs and members were of the strong opinion that the 2008 version of SAE J1211,.
state-of-the-art methods and techniques being used by leading companies and engineering teams
reliability while at the same time reducing overall cost life-cycle and shortening time-to-matket. Th
Automotive Electropic Systems Reliability Standards Committee and ZVEI (German- Electr
Manufacturers’ Assqciation) are hopeful that this Handbook for Robustness Validation of Automotive
Modules will help npany companies and engineering teams make the transition from the 1980s °
demonstration apprgach to a more effective, economically feasible knowledge-based Robustness Val
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In the past, screening methods were still required after the product had been manufactured and after the product had
successfully passed a qualification program. In recent years the emphasis has shifted to reliability-by-design
methodologies applied during development. The philosophy of Robust Design has been widely accepted and the number
methods, tools and techniques to support the approach have been increasing steadily.

The fundamental philosophy of product qualification is also changing from the detection of defects based on predefined
sample sizes to the generation and reuse of knowledge gained by studying specific data regarding the product’s failure
modes and mechanisms combined with existing knowledge in the field. Using these methods, known as “physics of
failure” or “reliability physics” it is possible to generate highly useful knowledge on the robustness of products.

This handbook is intended to give guidance to engineers on how to apply a robustness validation process during
development and qualification of automotive electrical/electronic modules. It was made possible because many
companies, including electronic/equipment manufacturers and vehicle manufacturers worked together in a joint working
group to bring in the knowledge of the complete supply chain.
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This handbook is synchronized with its European counterpart document “Handbook for Robustness Validation of
Automotive Electrical/Electronic Modules” published by the German Electrical and Electronic Manufacturers’ Association
(ZVEI) www.zvei.org/ecs, Frankfurt, 2008.

Software Robustness is not specifically addressed in this document.

addressed by the test methods. Some examples are:

Testing the module in a sub-system configuration if possible.
Testing the module with realistic loads.
Exercising the module in various modes during a test.

However some degree of software evaluation is
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Robust design conceptsprovideamefficient wayto optimizeaproductin iigili of the~“‘reat-wortd* upclciing conditions it will
experience. Validation is a process for evaluating a product’s suitability for use in its intended use environment. Thus it is
natural that robustness and validation go hand-in-hand. To achieve efficiency, robustness relies on up front use of
“physics-of-failure” knowledge and tools, fundamental principles of statistical experimentation, and techniques and tools
like FMEA, P-Diagrams, orthogonal arrays and Response Surface Methodology. However, the objective of robustness is
not merely to complete a design of experiments (DOE), but to understand how the product or process performs its
intended function within, and at the limits of, the user specifications.
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1. SCOPE

This document addresses robustness of electrical/electronic modules for use in automotive applications. Where practical,
methods of extrinsic reliability detection and prevention will also be addressed. This document primarily deals with
electrical/electronic modules (EEMs), but can easily be adapted for use on mechatronics, sensors, actuators and
switches. EEM qualification is the main scope of this document. Other procedures addressing random failures are
specifically addressed in the CPI (Component Process Interaction) section 10. This document is to be used within the
context of the Zero Defect concept for component manufacturing and product use.

It is recommended that the robustness of semiconductor devices and other components used in the EEM be assured
using SAE J1879 OCT2007, Handbook for Robustness Validation of Semiconductor Devices in Automotive Applications.

The emphasis of thjs document is on hardware and manufacturing failure mechanisms, however;|other contemporary
issues as shown in|Figure 1 need to be addressed for a thorough Robustness Validation. AyPargto of contemporary
issues is shown in Figure 1. Although this document addresses many of the issues showp,\however some are outside
the scope of this document and will need to be addressed for a thorough RV process application. |Examples of issues
outside the scope off this document are system interactions, interfaces, functionality, HMI (Human-Mgchine Interface) and
software. At the tim¢ of publication of this handbook, a system level Robustness Validation handbopk, which addresses
these issues, had bden initiated.

A =|Customer B = System C = Can Not D = Component E = Manufacfuring
Dogs Not Like Does Not Fit Diagnose Failure Fault

Profluct (Interfates) Problem

(Refuirements (Trouble

Not|Specified Not Identified)

or lhcorrect)

FIGURE 1|- RELATIVE CONTRIBUTIONS OF ISSUES WITH E/E SYSTEMS AT VEHICLE(LEVEL [9]

1.1 Purpose

This Robustness Validation Handbook provides the automotive electrical/electronics community with a common
qualification methodology to demonstrate robustness levels necessary to achieve a desired reliability.

The Robustness Validation approach emphasizes knowledge based engineering analysis and testing a product to failure,
or a predefined degradation level, without introducing invalid failure mechanisms. The approach focuses on the evaluation
of the Robustness Margin between the outer limits of the customer specification and the actual performance of the
component These practices integrate robustness design methods (e.g., test-to-failure in lieu of test-to-pass) into the
automotive electronics design and development process. With successful implementation of robustness validation
practices, the producer and consumer can realize the objectives of improved quality, cost, and time-to-market.

The purpose of this Robustness Validation Handbook is to establish globally accepted concepts, processes, methods,
techniques and tools for implementing the Robustness Validation qualification methodology for automotive
electrical/electronic modules (EEM) and systems.
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SAE J1213-2  Glogsary of Reliability Terminology Associated with Automotive Electronics
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2.2 Related Publigations

The following publications are provided for information purposesenly and are not a required part of thjs document.
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Madhav S. Phadke, |SixSigma LLC: "Introduction to Rebust Design-Robustness Strategy"

Dr. Ing. Werner Kuifsch: "Umweltsimulation von:Schwingungs- und StoRbelastungen”, lecture at Te¢chnische Akademie
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Microelectronic Religbility, Volume II: Integrity Assessment and Assurance, edited by E. Pollino, Artegh House Publishers,
ISBN 0-890-063p0-8, 1989

JEDEC-020D Handl|ng of Moisture Sensitive Devices
The Design Analysid Handbook, Edward Walker, ISBN 0-7506-9088-7

Noise Reduction Te¢hnigues in Electronic Systems, Henry Ott, ISBN 0-471-85068-3

Williams et al, An Investigation of “Cannot Duplicate” Failures. Quality and Reliability Engineering Journal Vol. 14, Issue 5,
pp. 331-337 John Wiley & Sons, 24 Dec 1998

IEC 60300-1 Dependability management — Part 1: Dependability management systems, International Electrotechnical
Commission, June 2003”

MIL-STD-810, Environmental Engineering Considerations and Laboratory Tests
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3. DEFINITIONS
3.1
3.1.1  Accelerated

A test designed to id

Definition of Terms

Test

entify failures or produce degradation in a shortened period or time.

3.1.2 Acceleration Factor

The ratio between the times necessary to produce the same degradation or failure mechanism in an accelerated test

compared to the us

3.1.3 Component

Parts required for th

connectors, fastenels, mechatronic assemblies, etc.

3.1.4 Defect
A deviation in an iter
3.1.5 Degradation
A gradual deteriorati

3.1.6 Derating

The intentional redd
occurrence of stress
3.1.7 Design Valig

Tests or analyses p
known customer/apy

3.1.8 Design Verification

Tests or analyses p
requirements

T roTToT

b function of an electrical/electronic module. Example: Capacitors, resistors, ASI

h from some ideal state. The ideal state is usually given in a-formal specification.

pn in performance as a function of time.

ction of stress/strength ratio in the~application of an item, usually for the purp
related failures.

ation

erformed to demonstrate’ that a component or systems is suitable for its inten
lication validation requirements.

brformed (to) demonstrate that a component or system has the potential to meet

3.1.9 ECU (Electr

Cs, power-MOSFET,

ose of reducing the

ded use and meets

its specified design

bRic Control Unit)

Electrical stand alone modules with electrical and/or optical interface. The ECU typically consists of housing, connector,
conductor boards and electrical components. Typical example: Motor management systems.

3.1.10 Electrical/Electronic Module

EEM: Electrical stand alone modules with electrical and/or optical interface. The EEM typically consists of housing,
connector, conductor boards and electrical components. Typical example: Motor management systems. Mechatronics
integrate mechanical and electrical functions into one unit. The mission profile of this solution has to respect both parts. In
vehicle applications typical mechatronic products cannot be exchanged independently from electronics. Typical examples:
ABS, EPS (Anti Lock Braking System, Electrical Power Steering).
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3.1.11 Failure

The loss of ability of an EEM to meet the electrical or physical performance specifications that it was intended to meet

3.1.12 Failure Mechanism

The process or sequence of processes (mechanical, chemical, electrical, thermal, etc.) that produces a condition that

results in a failure or

fault.

3.1.13 Failure Mode

The manner in whic
3.1.14 FMEA, (Fail

A disciplined analys
detection.

3.1.15 Load

An externally applie
stress and strain r¢
thermal, electrical, rg

3.1.16 Load Distrib

Statistical distributio
It should represent d

3.1.17 Mechatronid
A module in which m
3.1.18 Mission Prof

A simplified represe
of their intended app

3.1.19 Model

a simplified represe
nature) is used to d¢

ire Mode and Effects Analysis)

s of possible failure modes on the basis of seriousness, probability 6f occurren

i and internally generated force that acts on a system or device. The applicatig
sponses within the structures and materials of the System or device. Loads
diation or chemical in nature or any other form of physicality.

Lition

n of load levels over e.g. time, cycles, temperature, voltage, climatic conditions, 3
ifferent use cases.

Module
echanical and electrical/electronic functions are integrated.
ile

ntation of all of thie relevant conditions to which the EEM production population v
lication througheut the full life cycle of the component.

ntatien-of a system or phenomenon, as in the sciences, where a hypothesis (o
scripe the system or explains the phenomenon.

ce and likelihood of

n of loads results in
may by mechanical,

nd other load types.

vill be exposed in all

ften mathematical in

3.1.20 Operating Conditions

Conditions of environmental parameters, voltage bias, and other electrical parameters whose limits are defined in the
datasheet and within which the device is expected to operate reliably.

3.1.21 Product Life

Cycle

The time period from the beginning of the manufacturing process of the electrical/electronic module to the end of life of

the vehicle.

3.1.22 Qualification

A defined process by which a product or production technology is examined and tested, and then identified as qualified.
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3.1.23 Random Fa

ilure

A failure or fault which occurs in a random fashion often but not always fitting a normal probability distribution.

3.1.24 Reliability

The ability of a system or component to perform its required functions under stated conditions for a specified period of

time [IEEE 90]
3.1.25 Robustness

Insensitivity to nois

a variation in oneratina-environment manufactira dictrihiitinn ate  and oll
e e atoR—H-opeiatig- e HoRMe R HaRdaeture—aetSHHB e R—ete-—ahRa—n

actors and stresses

in the product life cy

3.1.26 Robustness

A process which de
mission profile for if

determine the risks

degradation to deter
application requirem
verification, legal val

3.1.27 Simulation

The representation

computer program g

real world by a com
or practical and not

3.1.28 Stress Factg

\
Cle).

Validation
s specified lifetime.

It requires specification of requirements based on a miss

ents and product capability within timing and economic-constraints. It encompa
dation, and producer risk margin validation.

bf the behavior or characteristics of one system through the use of another systg
esigned for the purpose of simulating an, event or phenomenon. The techniqueé

=

A stress or combinafion of stresses which triggers a failure mechanism.

3.1.29 System

A set/combination o

as shown in Figure 2.

several EEMsY. Mechatronics or sensors / actuators, connected to perform a dis

associated with significant failure mechanisms, and testing™to”failure, “end-g
mine robustness margins. The process of measuring and maximizing the differe

monstrates that a product performs its intended function(s) with sufficient marngin under a defined

on profile, FMEA to
f-life” or acceptable
nce between known
5ses the activities of

m, especially with a
of representing the

EmJter program; such that the internal processes of a system are emulated as acclrately as is possible
erely mimicking the results of the thing being simulated.

tributed functionality
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System o 0

LIN

Mechatronic

EEM
Components

FIGURE 2 - EXAMPLE OF SYSTEM, MECHATRONIC AND COMPONENTS
3.1.30 Systemic Fgilure

A non random faillire caused by an error in any activityawhich, under some particular combjnation of inputs or
environmental condifions will permit a failure. For example.an incorrectly rated resistor.

3.1.31 Temperatures

To describe the thermal conditions in the EEM/*‘mechatronic and the semiconductor components |inside the EEM the
temperatures at the points defined in Figure 3 can be used. The definitions of the temperatures are:

o  Tyenice Mounting|Location Ambient: Temperature at 1 cm distance from the EEM package.
o Tgew Package: Tlemperature-atithe EEM package.

o Tgey internal: Tgmperature of the free air inside the EEM.

®  Tcomp.package: Tenpperature at the component package.

®  Tcomprins: TEMperature at the component pins.

o Tunction: Junction temperature of the component chip (or substrate).
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T
In mechatroni

3.1.32 Trouble Not

The Customer Decld

3.1.33 Vehicle

The automobile.

3.1.34 Vehicle System

A system on a vehic

3.1.35 Verification

The conclusion of the primary product development learning process supporting progress to the lg

that the product has|
verification. Learnin
reliability demonstra

TCnmp.Pattage

h

TComp.P‘ms T]unc

FIGURE 3 - EEM TEMPERATURE MEASUREMENTNPOINTS

C systems additional heat sources or sinks have to be considered (e.g. coolant, e
Identified (TNI)

red Failure could not be duplicated or identified.

e.

a high probability for meeting all known application requirements. There are no
g may occur with test to failure for capability measurement beyond the establish
ion

3.1.36 Validation

he OEM relevant temperature for mission profiling is: Tvehici&:maunting location Ambieht

Hon

ngine block...)

gal validation phase
egal ramifications in
bd requirements and

The process of accumulating evidence to support a declaration with legal force that a system/module/component meets

the known application requirements.

Validation culminates in producing a formal declaration with

legal weight that a

product has been confirmed supported by objective evidence that the requirement for a specific intended use have been
fulfilled. Tests have a defined success point that becomes the base measurement for the “Robust Validation” phase.

3.1.37 Virtual Entity

An item that is not physically real, but displays the qualities of reality or exists in a potential state that could become

realized.
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3.1.38 Wear Out Failure

Failure caused by accumulation of damage due to loads (stresses) applied over an extended period of time.

3.1.39 Zero Defect Strategy

Is a philosophy mindset and culture, which does not mean zero defects in a literal of statistical sense, but rather, is a
whole value chain activity which makes every attempt in its approach and methods to achieve Zero Defects with the Goal

to design manufacture a product with the minimum defects possible. See ZVEI Zero Defect Strategy Rev1: Jan2007

3.2 Acronyms

3.21 ADN Analysis/Development/ Validation
3.22 AMS Analysis Modeling and Simulation
3.23 CAD Computer Aided Design

3.24 CAE Computer Aided Engineering

3.25 CALCE Computer Aided Life Cycle Engineering

326 CD Continuous Duty

3.27 CTS Component Technical Specification
3.2.8 CPI Component-Process Interaction
3.29 Cpk Process Capability Index

3.210 Cmk Machine Capability Index

3.2.11 DBTF Design - Build - Test - Fix

3.2.12 DEV/VAL | Development / Validation
3.2.13 DPMO Defects Per Million Operations

3.2.14 D-SMC Discrete'Surface Mounted Component

3.2.15 DUT Device Under Test
3.2.16 DV Design Validation
3.217 D&V Development and Validation

3.2.18 DVP&R Design Verification Plan and Report.

3.2.19 ECU Electronic Control Unit
3.2.20 E/E Electrical/Electronic
3.2.21 EEM Electrical/electronic module
3.2.22 ESD Electrostatic

3.2.23 EMC Electro Magnetic Compatibility
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3.2.24 HALT Highly Accelerated Life Test

3.2.25 HASS Highly Accelerated Stress Screen

3.2.26 HAST Highly Accelerated Stress Test

3.2.27 IEC International Electro technical Commission
3.2.28 IP International Protection

3.229 1/O0 Input / Output

3.2.30 IR Infrared

3.2.31 M&S Modeling and Simulation

3.2.32 NAO North American Operations

3.2.33 PCB Printed Circuit Board

3.2.34 PDT Product Development Team

3.2.35 PoF Physics of Failure

3.2.36 PTC Power Temperature Cycles

3.2.37 PV Production Validation

3.2.38 PWA Printed Wiring Assembly (Printed Circuit Board as assembled with all components)
3.2.39 QRD Quality/Reliability/Durability

3240 R Reliability

3.241 RIF Robustness Indication Figure

3.242 RFA Remote Function Actuation

3.243 RKE Remote Keyless Entry

3.2.44 RV Robustness Validation

3.245 SAT Simulation Aided Testing

3.246 SGT Simulation Guided Testing

3.247 SD Short Duration

3.248 SOR Statement of Requirements

3.249 SPC Statistical Process Control

3.2.50 SS Steady State

3.2.51 TNI Trouble Not Identified
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3.252 Ty Glass Transition Temperature

3.2.53 Tmax Temperature Maximum

3.2.54 Tin Temperature Minimum.

3.2.55 Vi Low Voltage

3.2.56 Viominal Nominal Voltage

3.2.57 Vhign High Voltage

4. DEFINITION AN

4.1 Definition of R
Robustness Validat
robustness margin
design, simulate, pr
on an EEM is minim

Robustness Validat
change or modificati
knowledge and less
4.2 RobustnessV
A robust product is
production condition
knowledge, and ther

The Robustness Va
based on three key

Knowledge of th

Knowledge of t
mechanisms.

e Knowledge of ag

D DESCRIPTION OF ROBUSTNESS VALIDATION
pbustness Validation
on is a process to demonstrate that a product performs its intended functi

pduce and to test an EEM in such a manner, that the influence.of noise (or an u
zed.

on can and should be applied for developments of different types, complete
pbns when evaluating the different types of development projects account should
bns learned.

blidation Process

pne that is sufficiently capable of functioning correctly and not failing under varn

5. The Robustness Validation processdefined in this handbook relies heavily or

idation flow shown in Figure\4’is an essential part across the development proq
omponents:

b conditions of use((mission profile).

he failure mechanisms and failure modes and the possible interactions betw

celefation models for the failure mechanisms needed to define and assess accel

bn(s) with sufficient

nder a defined mission profile for its specified lifetime. It should be used to communicate, analyze,

nforeseeable event)
ly new, incremental

be taken of previous

ying application and
team expertise and

efore requires detailed explanation_and intensive communication between the usér and supplier.

ess. This method is

een different failure

brated tests.

Robustness validati

bl o lnavvladan hacad onneaash [1_21 that oo analbtinal manthoadc ond d

tress tests that are

d
O TS KHOWIC GG CoaSCo—approath—1T1—z=—triat—osto—arary tCar—THetioto—ara—S

defined to address specific failure mechanisms using suitable models, test and stress conditions. This approach results in

a product being qual

ified as “fit for use”, not “fit for standard”.

It is important to note, that as Robustness Validation is a knowledge based approach it must not be applied blindly, or in a
standardized default manner as current Verification approaches, but with appropriate experience and training of the
people applying the process and of the failure mechanisms. The RV users own knowledge matrix (see Section 7) must be
a central part of the RV process within an organization.
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Toolbox

FIGURE 4 - THE ROBUSTNESS VALIDATION PROCESS FLOW
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When considering the RV process the standard V model concept should be applied at each level/stage of the RV process
from the top (System) level to the bottom (Component) and back up again with repeated iterations and feedback up and

down the process chain.

The V-model in Figure 5 shows the concept of requirement flowing from the customer, to the vehicle, to the system, to the
module, and to components. The sources of requirements should be documented. Module design concepts need
verification which involves sharing and documenting information between the OEM and suppliers at all levels. Once a

requirement is accepted, it needs validation to determine if the requirement is satisfied.

Product Development Timeline

Vehicle

FIGURE 5

O
D
5

Semiconductor

Component
Freeze of Freeze of
Specificatio Design
p \{5 g

- THE 8@‘~PRODUCT DEVELOPMENT PROCESS

-

OQQ

@)
A

Page 20 of 126
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5. INFORMATION AND COMUNICATION FLOW

The efficiency and effectiveness of Robustness Validation largely depends on communication of previous and ongoing
learning that takes place between the individuals, teams and organizations involved in the module’s design, development,

validation, production and use. As seen in Figure 6

Requirements
* lerformance and
|1sage specifications
* | vironment stressas
* lackaging limitations
* | pgistics

* Knowladge matrix

System
Design concept and constraints
* Weight and size
* In-vehicle location
* Fastening, connectors and grounds
= CPU requirements and memory size
—
* Allowed conductive and radiated emissions
Functional stresses
* Mission profile
- Geographic region
- Customer usage
- Operating time, cycles, mileage
- Service life in years andf/or miles
* Input and output stresses
* Analysis, modeling and simulation.
* |dealized function or transformation
System environmental stressas
* Assambly process and shipping
» Machanical (harmonic vibration, random vibratinn, shocks)
* Temperatures (extremes and time distributiop}
+ Corrosive fluids & gases (chemicals, water, honidity,
salt fog, pollutamts}
* Normal electrical supply range and eb+iio 2l transients
* Magnetic interferance

Ne.nule
Design concept
* Mew and reused technolwgies and features (housing,
printed circuit boz. W<, drouit designs, components, connectors)
* CPU and memv design
* Knowladge matns and design FMEA
* Circuit 2.d vomponent functions and interactions,
and loca. sperating stresses
= AncWsis, modeling and simulation
Provocs
« W w and reused processes
~ lools {analysis, modeling, simulation}
* Knowledge matrix and process FMEA
Emnvironment — electrical, thermal, mechanical, chemical
* Manufacturing and shipping strasses
* Dperational stresses - cormosive fluids and gases,
elactrical supply (normal range & transient axtremes),
magnetic interference

Componemnt
Function

* Function and Interactions, and oparating ranges
* Tests to failure — strength, operating limits, durability
* Analysis, modeling and simulation
Emvironmental — elecirical, thermal, mechanical, chemical
* Manufacturing and shipping stresses
* Component robustness limits, failure modes, and physics
of failure models
* Durability

Verification

* Timing and statu;
« DVPER resulis

* Robustness indic: tors
* Capability studie;

Yerification
* Component
characteristics
* Robustness vs
application stresses
* Robustness indicators

FIGURE 6 - ROBUSTNESS VALIDATION INFORMATION FLOW
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5.1 Product Requirements

Modules need to support requirements that are developed from the mission profile which considers different aspects of
the module’s intended function, environments, and service life targets. There are different sources of these requirements,
i.e., the vehicle user, regulatory agencies, market consideration, local environments, dealer service, vehicle and parts
shipping and storage, vehicle assembly, mounting location in the vehicle, and other OEM requirements. The requirements
flow from these sources to the vehicle, to the system, and finally to the module.

A boundary diagram shows as inputs to the module customer, regulatory, and assembly requirements plus “involved”
modules that interface to the device. Some requirements are subjective and difficult to capture as a measurement
parameter. The boundary diagram in Figure 7 is a useful tool to assure these requirements are captured.

Injolved o

njolve .

Conjponents R (Léh F

N
Asgembly %4—1- Manufactiring
O

Shlgpingf ')\\Environmental Requlath
Storage Factors g y

FIGURE 7 - BOUNDARY DIAGRAM

The Parameter Diagram (P-diagram) in Figure 8 captures and summarizes inputs, outputs, environmental stresses, and
design constraints fpr products. A device, represented by a box at the center of the diagram, may be a component,
module, system, or yehicle. By convention, inputs are listed on the left with arrows leading into the [box; outputs, on the
right with arrows leading from the box; environmental stresses. on the bottom with arrows leading to[the box; and design
constraints, above the box with arrows leading to the box.
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Constraints
« Package
« Mounting
- Cost/Weight
- Materials/Technology
« Communications

Input examples Output examples

- Voltage \V
- Voltage
« Current « Cu re?‘nt
« Communigations >Communications
« Force + Soynd
- Torque
- Torfjue
* Speed :I

Environment
« Climatig-Conditions
« Meclianical
« Chemical
<Electrical

FIGURE 8 - MODULE PARAMETER DIAGRAM (P-DIAGRAM)

5.2  Use of Availaljle Knowledge

Most electronic moflules are evolutionary development of past modules and use similar design| and manufacturing
concepts. There is a high level of reuse of individual components, circuit designs, connectors and fousing concepts. In
vehicles, the modulgs perform similar functigns~and share similar locations. Around 90% of a n module design is
similar to some predecessor module. However, the changes that occur may include the addition of functions to a module,
some new circuits, mew board layouts tosaccommodate the new circuits, and technology changes df components. Also,
the vehicle environment may become more severe.

Traditionally, modulg verification.and*validation focused on repeating a standard suite of tests with th¢ addition or deletion
of functional tests. $imilarly, environmental stress tests were repeated with every new module. Ag electronic modules
become more complex, the\petential number of combinations and permutations of operating modes and associated
functional tests becpmes very large with associated very expensive long duration tests. A more| efficient process is
required that focusgs-verification and validation on changes and potential interactions of the changes with other
module functions.

How does one manage this process? The design and process reviews are appropriate forums. The first topic should be
the predecessor design. What were the problems and lessons learned? Are their symptomatic warranty, vehicle
assembly, manufacturing, and shipping/storage issues? The new design should include changes to correct these issues,
i.e., support continuous improvement. The new features need to be reviewed. The new features, old module
improvements, and technology changes constitute the scope of the change verification. The risk associated with these
changes should be addressed in Design and Process FMEAs. High risk items and functional validation need to be
included in a test plan. The Robustness Validation plan should be integrated in the DVP&R.
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6. MISSION PROFILE

The Mission Profile is a representation of all relevant conditions an electrical/electronic module will be exposed to in all of
its intended applications throughout its entire life cycle. It is therefore important that the Mission Profile for each individual
electrical/electronic module be developed and communicated to the engineers designing the module as soon as possible.
With a good description of the Mission Profile, engineers can begin to estimate reliability and quality levels and start to
work toward achieving ‘zero defects’ and robust design at all levels of the supply chain.

This section provides an overview of the various conditions and stress factors (loads) an electrical/electronic module may
experience during its life cycle. This information is intended to be used as a starting point in developing Mission Profiles
for individual electrlcaI/eIectronlc modules. Stress factors may be mechanical, climatic, chemlcal and electrical loads
during manufacturing,-ope e 9, the stress factors
may be due to envirbnmental loads, functional loads or both S|multaneously

Environmpntal Loads Functionzi Loads
v Thermal v Usage profiles
v Mech3gnical v’ Mechanical operation
v Radiation v" Emitted radiation
v Dust Interaction v’ Electrical operation
v Humidlity
v Water|
v Chemjcal o
v Electrpmagnetical (EMC) &‘6\
, R . )
Assembly|Requirements 3 Shipping and Service

FIGURE 9 - ENVIRONMENTAL AND FUNCTIONAL LOAD STRESS FACTORS

As the product devélopment process pregresses, mission profiles and functional loads will be defined more precisely.
Therefore changes gnd revisions to loads)or load distributions shall be agreed upon between the parties.

The mission profile is not a_test’ description. It is the basis for material selection, design, test engineering,
parameterization, analysis, modeling and simulation, and robustness evaluation.

6.1 Process to Defive a’Mission Profile

When developing a mission profile, using the process flow defined in Figure 10 it is likely that multiple sources of data will
be utilized. In most cases a combination of publicly available [3, 22], private historical data and freshly generated data will
be used. Knowledge of the conditions of use in the vehicle application(s) and the possible effects on the module and
components is required. Because some factors may have little effect while other may have a strong effect, it is also
necessary to judge the relevance of each factor.
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This comprises information for,

Step 3 ] ®$

Overview Process Flow Mission Profile

Componeft level in EEM

alyse Failure Modes for Comp n&t Reliability
(First level Interr\tl_ ct)
v

A

-

Componenjt Responsibility

FIGURE 10 - OVERVIEV@ PROCESS FLOW FOR GENERATING A MISSION PROFILE

STEP 1: Start with yehicle se@é requirements. The most general data concern is the required vehicle service life.
ple

Service lifetime:[The @ifetime of the car.

Mileage: The tofl

Engine on time: The amount of time that the engine is switched on (key-on time) and operational during the service
lifetime (if product is active during this time).
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An example of this kind of data is given in Table 1 below.

TABLE 1 - EXAMPLE OF VEHICLE MISSION PROFILE PARAMETERS AT THE VEHICLE LEVEL

Service lifetime

Engine on time

Engine on/off

STEP 2: Translate g
The above definitior
passive periods ma
exemplified in Table

T4

Engine on time

Engine off (non

Engine on/off cy

Furthermore, for the
Therefore, for each
individually.

15 years

(=131.400 h)

600.000 km High level high mileage request for stand alone EEM (not
for mechatronics)

12.000 h Engine on time is directly proportional to mileage.
Operating time of single component may bbﬂifferent than
engine on time. )

. . P
44N 54.000 Without additional start/stop functm‘l@
,\'\ /
EEM / Mechatronic life time requirements (OEM
q (CEM) ) ,\"[,

2 below.

operating time)

cles

Step 2.1:

reoccurin

Each re

Collect t[jssi

X

-

&

o
C)\\C)

\BLE 2 - DIFFERENT SERVICE LIFE REQUIR@N

4\6 EEM on time (operating, active)

xO

s are valid for the whole vehicle. However, depending o

y be very different for the vehicle versus the EEM. Qnelr different service i

<

TS FOR VEHICLE AND EHM

EEM off time (non-operating)
EEM standby time

EEM on/off cycles

mission profile Q'f) e EEM, the mounting location and specific use cases ha
EEM/MecI@onics, the active, stand-by, sleep and non-operating time n

>

€ functionality req

ired, the active and
e requirements are

e to be considered.
hust be determined

erating modes (active, stand-by, special loads, sleep, power supply interrupted, cyclically
ation, and operating mode changes)
t function must be completely covered.

Step 2.2:

Step 2.3:

e Temperature (Distribution)

Describe mounting locations, conditions and related loads:

e Temperature cycling (Distribution)

e Vibration (Distribution)

o Water, salt, dust, humidity, chemical agents

Assign operating modes to the defined vehicle lifetime requirements.

e Detail load profiles (e.g. electrical/thermal/mechanical loads) of the EEM/Mechatronic (experience from
present projects).
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Result: Basis for mission profile for EEM/mechatronic
Consider: Misuse, safety requirements, transport, storage, service (EOS/ESD), processing/assembly, testing.
An example of this kind of data for EEM level is given in Table 3 below.

TABLE 3 - EXAMPLE OF OEM EEM OPERATING LIFE TIME REQUIREMENTS

Operating on Non Operating | EEM Active On/Off Cycles | EEM Specific

Time (active) (h) | Time (h) Operating Load
Cvcles
Motor- 12.000 + 3.000 116.400 54.000 @% ne on/off...
management Standby time Without additional startéQQ)
Transmission|  6.000 125.400 stop functions V7 Gear shift...
N7/
control modyle q/'\
Door Module 8.000 79.800 36.000 + ope\fa'{}ng cycles Window lift...

Operatin les:

+ win?@+ mirror
act\'@a on

6.1.1  Estimation gf Mission Profile for Development of EEM \\S\Q)

A first set of missior| profiles is necessary to derive requirements for use in the development procesg (temperature limits

for component selegtion, etc.). It is likely that there is Iitbh}or no data available at that time. Howevér, an approximation
can be given by: \O
oF

e Use standard mission profiles for defined rqt}Y%%ing location.
e Use measuremgnts from previous de@oﬁments.
¢ Use measuremgnts from simi@&lications / vehicles.

e Estimate usage, generateQ)??thinking possible use-cases through.

a validation of the ch mission profile for the specific application is necessary.

To make sure that ailﬁpﬁveters of any adopted mission profile cover the requirement for the speciflc mounting location,

These estimates should be verified by actual measurements as parts/ installations become available during the
development process.

6.1.2 Check Use-Cases and Use-Distribution (Refinement and Validation)

Define Use-Cases — Use-cases can help identify sources of loads and provide operation parameters. By thinking through
several use-cases, choices of descriptive parameters, their distribution of values and severity of effect of failure can be
outlined. Usually several relevant use-cases can be combined into one enveloping mission profile thus enabling validation
with the same plan.

Analyze Use-Distribution — Often EEM/Component stress is significantly higher when operated close to the design limits
(e.g. max. load). Also there are use-cases that may result in unusually high load cycle numbers (e.g. taxi driver).
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Due to this, considering only possible limits/extremes may not be sufficient, additionally a use distribution is necessary. It
shall describe the occurrence likelihood of loads with regard to the operation parameter range.

However, in the case that extreme distributions are ruled out from design considerations or test coverage, failures that
may result there from these extreme distributions must still be evaluated for safety and customer satisfaction
consequences. Furthermore it should be checked by thinking through use cases, if a combination of different loads can
occur simultaneously or sequentially. For certain parts or materials these combinations may provoke different failure

modes or accelerate others. Therefore a definition of combined loads may be necessary.

Example — Use-Case Brake application
Stop and Go in the city, breaking every 200 m (high number of cycles, low load)

Highway Qingnlqr power hmking from 200 ta 80 km/h (Inw number of r‘yr‘lpc, high Innd)

6.2 Agree Mission Profile for EEM (System Level with Module Level)

First, possible uses
descriptions for use

must be collected and be evaluated for relevance. An OEM should(supply typ
scenarios and operating conditions.

e Generate enviro

hmental mission profile (e.g. complete ZVEI Application Questionnaire [8]).

e Describe electriq

al/functional loads (e.g. fill in functional requirements in§pecification).
6.3 Analyze Failue Modes for Reliability of EEM

With knowledge of
Application Questior

he planned design of the EEM, the 1st (...
naire) and the resulting loads for completengss with regard to failure modes:

All potential failure modes have to be traced from component level to module up to system level.

Critical compongnts have to be identified from_system down to component level, which in turn ca
an additional / different mission profile.

The collected informiation on source/effect interaction then should be used for a qualitative analysis td
of the mission profijle which do affect reliability of the system and rank them by assumed impa
significance of each parameter and helps in choosing an appropriate precision in its specification
studies, measurements, a fine-grained-distribution or allowing rough estimation).

6.4 Translate to Components.Life Time Requirements

The translation to the component level must contain applicable environmental electrical and mechani
design, especially ppwer’losses and active pulse loadings. The loads have to be analyzed for each

ical vehicle-oriented

nth) Tier must check the given mission profile (ZVEI

n generate need for

identify parameters
ct. This clarifies the
(e.g. requiring use-

cal loads of the EEM
critical component.

The Steps are simildcte’Section 6.1

Step 1: Collect possible operating modes (active, stand-by, special loads, sleep, power supply interrupted, cyclically
reoccurring operation, operating mode changes).
Each relevant functionality must be completely covered.

Step 2: Assign operating modes to the defined vehicle lifetime requirements.
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Step 3:

Proq

Eled

Result: Basis fo

Consider: Misuse,
6.5 Agree on Miss
An ‘application queg

implementation and
for environmental an
Generate the elg

e Discuss mission

Describe related loads for each critical component:

Temperature (distribution, including power loss)

Temperature cycling (distribution, including active pulse loading)
Vibration (of the component in the EEM)

Humidity in the EEM

Service (ESD)

Testirg

essing Assembly

trical

F mission profiles for critical components

safety requirements, transport, and storage

ion Profile for Components (Module Level with Componént Level)

tionnaire’ by the module level supplier shifts the focus to components and techr

ologies intended for

their critical conditions. The Module level supplief provides typical component ¢riented descriptions

d operating conditions.
ctrical/mechanical loads as a function ef‘the environmental condition.

profiles for all critical components‘with suppliers.

6.6 Analyze Failure Modes for Reliability of Component

All potential failure nhodes have to be traced from component level to module up to system level. Crit

identified at the com

Result: Sensitivity]

parameter

6.7 Verify Mission

bonent level.

of system availability to parameters of mission profiles is evaluated, which
significancé/and need for dimensioning precision.

Profile at Component Level in EEM (Module Level to Component Level)

cal loads have to be

pives indications on

Assumptions used i ehoosing mission profiles should be verified by measurements in the actual ap

plication as the EEM

becomes available (e.g. temperatures in EEM package areas, temperatures of component in EEMs, load distributions,
software driving behavior).

Deviations can be assessed using results from analyzing failure modes for reliability of components. In case of significant
deviation there may arise the need for additional testing or even changes in construction.

6.8 Verify Mission

Profile at EEM level in Vehicle (Module level and System Level)

A similar procedure to section 6.7, but in vehicle.

6.9 Verify Mission

Profile at System Level

A similar procedure to section 6.7, but with emphasis on distributed or combined functionalities of EEM / sensors in

systems.
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6.10 Stress Factors and Loads for EEMs / Mechatronics

Stress Factors and loads during vehicle service life include environmental and functional loads as illustrated in Figure 11
and detailed in sections 6.12 and 6.13

Fl

6.11 Vehicle Servig

Service Life of the vghicle can be for example:

e Expected life tim

e Expected mileagd
[ ]
As defined in sectior]

6.12 Environmenta

The EEM reliability

Expected operafing hours (4000 h to 12 000 h)

Stress Environmental Loads g€}
Factors /
and Loads

during

Vehicle

Service

Life Functional Loads o) Qb‘
QO.)
Q
SURE 11 - STRESS FACTORS AND LOADS DURING SERVICE LIFE OVERVIBW
N
e Life . r\q/
D

e (e.g. 10 years, 15 years)
e (200.000 km to 600.000 km)

N

6.1 and considering vehicle type 8a¥§enger or commercial vehicle).
X

-
.\O

Loads in Vehicle

Loads are external stress factors caused@pértain environmental conditions, such as temperature, h

Environmental loads
Describe and quanti

have to be selécted from the tree and/or added when necessary for a specifi
[y conditions e relevant loads.

O
<
<
%v

can be influenced by the gﬂ/ironmental loads as shown in tree analysis of Figure 12. Environmental

Limidity. Etc

c mounting location.
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Limits

Thermal F Cycles

EMS L Shock

Sine

_ (EME) EMC
Transient ESD . Vibration | Random
Static Mechanical ~

/—\ Shock K Combined
Corrosive Atmospheres

Gases
=== Cleaners }Chemical Environmental

. Loads
Acid UV
Radiation IR
L EM/RF

GravelBombardment

Salt

Spilling

Splash Dust

Submersion Humidity

H

nh Pressure Beam

FIGURE 12 - TREE ANALYSIS OF ENVIRONMENTAL LOADS

6.13 Functional Loads in Vehicle

The EEM reliability ¢an be influenced by the func¢tional loads as shown in tree analysis of Figure 13. Functional loads are

stress factors causefl by EEM operation, usage profiles etc.

Functional Loads for a specific EEM~have to be selected from the tree and/or added when necegsary. Describe and
quantify conditions df the relevant leads.
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Car Wash
P
Train / Ship / Plane Transport

L
Assembly / Maintenance

N .
Airport Parking

Highspeed
Mechanical Load under Usage |, short Distance
Nominal Operation Profiles | Stop & Go
n. Mountain Pass
_Torgue Trailer Pulling
N
_Foree .. Loaded Roof Carrier
Overlpad 1dii ith AC
ing wit on
| Mechanical R :
Blocking \) "Playing Children
Emergency Revgrse Misuse
o . — Staft Pulses
Calibration Run / Functional S
Loads KL30 (permanent)
v
Power Supply | KL15 (intermittent)
Junp Start
ep N_Junjp >tart

# of Cycles \_Mobile Device

Electrical |~

Duration

|

h. PWM-Level Sleep
. Current Consumption | Peak

L Concurrency

IollRE 49
TOUINL TO~

6.14 Examples for Mission Profiles / Loads

The Mission Profiles in this section are simplified ‘typical’ loads for different mounting locations. Note: that these profiles
are estimations, which represents typical operational profiles of different drivers in a passenger cars and have to be
validated.

However, for several kinds of loads, such as vibration, corrosion, and water intrusion, parameters for lab tests rather than
typical values are given.

If the translation of field load to test load is too difficult or the acceleration between field and test conditions (e.g. for some
chemical loads) is unknown today, the use of proven standards is encouraged

See Appendix A.1 and A.2 for Examples of Typical Missions profiles.
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7. KNOWLEDGE MATRIX FOR SYSTEMIC FAILURES
7.1 Knowledge Matrix Definition

A Knowledge Matrix is a repository for systematic failures, i.e., failures that are systemic or inherent in the product by
design or technology. The Knowledge Matrix is a collection of the lessons learned by the organization using the
Robustness Validation process. Extrinsic failures, i.e. failures that are random in nature and predominantly generated by
manufacturing processes, are covered in Section 10.

In order to apply and interpret the results of the Robustness Validation process, knowledge of the basic failure
mechanisms of the electrlcaI/eIectronlc module is requwed The root causes of the fallure mechanisms and the effects on
the module must beknow and the conditions of
use. A Knowledge Matrix can be very useful in |dent|fy|ng potentlal failure mechanisms and thelr%‘)g es.

To make the develgpment and use of the Knowledge Matrix easier to understand the Kﬁge Matrix is divided into

several logical groups with the first level being the Component Group. An example is progess is illustrated in
Figure 14. N /
N
Housing .'\q’ Intercpnnection

Electromechpnical

Passive

FIGURE 14 - DECOMPOSITION OF AN ELECTRONIC CONTROL UNIT (EEM)
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7.2 Knowledge Matrix Structure

The following example Knowledge Matrix shown in Table 4 is defined with the a structure to enable easy navigation of the
possible failure modes and causes by taking a module in combination with the intended customer use and breaking it
down to the components and technology used to assemble a module.

TABLE 4 - KNOWLEDGE MATRIX STRUCTURE

Field’'Column | Field/Column | Field/Column Field/Column Content /Example
Name Required Description

Main Mandataory Top Level Main Housing
Component Component group Interconnection
Group Passive Qb‘
Active QO.)
Electromechanical Q/Q
1b Component Mandatory Components broken  Resistor N/
Sub Group down to the next Dicde N
level PCB . '\q’
i 4D
In 9
itor
erstal.
G\Q Etc.
2 Product Life  Mandatory  The Product lifep, Design/Development Phase
Phase phase that h&cts Robustness aspects that are
on the Ralwstness determined during the Initial
Charﬁ&sﬂcs Design & Development phase of|a
\_O product life.

O
D
5

C}\c‘}‘
>

@)
S

{e.g. wrong material chosen)
Manufacturing Phase
Robustness aspects that are
determined during the serial
production phase of a product life
(e.g. too high process temperatijre)
OEM Assembly Phase
Robustness aspects that are
determined during the assembly| of
the product into the vehicle.
(e.g. mounting force too high)
Customer Use Phase

3 Robustness
Aspect

The Characteristic
that defines the
robustness of the
product

Mandatory

Robustness aspects that are
determined at 0 km & Field

(e.g. incorrect specified operation
conditions; misuse)

Cleanliness (e.g. production
process), Resistance , Mechanical
stability, Material; operational
conditions etc.
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4a

4h

ac

44

6

&b

TABLE 4 - KNOWLEDGE MATRIX STRUCTURE (CONTINUED)

Ly

Failure Mode  Mandatory The effect by which a  EEM-level: incorrect function
failure is observed to  Component-Level: Open circuit
DCCur. PCE Track
Failure Cause  Mandatory The specific process,  i.e. Excessive Current in PCB track
design and/or
environmental
condition that
initiated the failure,
and whose removal
will eliminate the
failure.
Failure Mandatory  The specific process,  i.e. Track overheating foam
Mechanism by which physical, excessive current to‘point of
electrical, chemical failure.
and mechanical
stresses act on
materials to induce a
failure.
Failure Type  Mandatory  Systemic or Random
Failure Mandatory The Type of Stress Temperature Cycle + Vibration,
Stressor or combination of Temperature + Humidity +
stress’s requiged-io Vibration
trigger the\Failure
mechandsim
Test Optional If avatlable the test  This field is intended as a
Methodology methodology to be reference guide to assist the
used to trigger the user in finding an appropriate
failure test methodology and does not
constitute a specific test definiti
The RV User has the responsibili
to understand the failure
mechanism and to determine th
appropriate test methodology.
Test Reéference  Optional If available the This field is intended as a

standard reference
used to trigger the
failure

reference guide to assist the
user in finding an appropriate

test methodology and does not

.

constitute a specific test definition.
The RV User has the responsibility

to understand the failure

mechanism and to determine the

appropriate test methodology.
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7.3 Knowledge Matrix Use
There are two distinct versions of the Knowledge Matrix — the publicly available example version defined in this document
and a company-specific version.

The failure data in the publicly available Knowledge Matrix should be considered a starting point and guide for any user of
the robustness validation process as it contains only the generic state of current knowledge information.

Users of the Robustness Validation Process should generate their own Knowledge Matrix based on their own specific
product types, and their own personal experience and lessons learned. A format and structure similar to the example
Knowledge Matrix illustrated here is suggested. The data contained in the sample publicly available knowledge matrix can

be used as a guide

nd g startina point
D o

There are many wa
information is needg
analysis, and an ac
potential failure mod

7.3.1  Knowledge

As part of the Robu
Profile and product-
during discussions W

The user should be
design, for example

One of the outputs o
See Appendix A for

7.3.2 Knowledge

s to use the matrix, and the way to use it depends on what information isyalready known and what

d. The matrix can be used in a reactive manner when there is a failure.mode
celeration model. Likewise, the matrix may be used in a proactive preventativ
Es in a design during the design phase of a product development, particularly as
Matrix Use in Failure Prevention (Proactive)

s5tness Validation Process there should be a review of the'dser’s existing matrix
specific requirements. The user should also be able tondemonstrate the comple
ith the customer.

bble to demonstrate lessons learned that are in‘the Knowledge matrix and are in
b design review report.

f the review might be the FMEA, which includes the lessons learned.
bxamples of using the Knowledge matrix.

Matrix Use in Failure Analysis (Reactive)

During a failure inciflent and as part of the . user’s failure analysis process the Knowledge Matrix ca

the potential root ca
that are not currently

ise of the failure. When a new failure mode and causes are identified during the
in the user’s Knowledge Matrix should be updated to add the new failure mode.

One use of the mafrix is when/a failure mode has been observed and there is a need to identify

causes and/or stress

factors (Stressors). This may be done as follows:

Step 1 — Filter on th
Step 2 — Find the p

T

compenent group (column 1a) and component sub group (column 1b) involved

olential Failure modes in Column 4a

requiring root cause
b manner to identify
part of an FMEA.

against the Mission
eness of the review

luded in the product

N be used to identify
analysis, processes

the potential failure

Step 3 — Find the p

o)

F O | H 1 Al
writarl 1anurc .austc 11T CUIUTTINT =U.

NOTE: It is possible that the specific failure cause does not exist in the matrix. Therefore a new entry would be required
to describe the failure.

Step 4 — Find the failure mechanism in column 4c

Step 5 — Review the

potential stressors in column 4d

The list of potential failure modes, causes and stressors may then be used to plan an investigation to confirm which one is
the correct one for the particular failure.

See Appendix A for Examples of using the Knowledge Matrix.
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7.4  Knowledge Matrix Change Control

The users Knowledge matrix must be a controlled document within the users organization subject to change control and
regularly updated with lessons learned from each product life cycle.

7.5 Lessons Learned

The Knowledge Matrix is intended to be the main repository for all lessons learned within the organization so users of RV

must have in place a process to collect and review lessons learned from their RV activities and update their own
Knowledge matrix from all sources of experience with EEM failures.

7.6 Knowledge M

triv A\lQ”th“f‘y

The example Knowls
team of experts.

bdge matrix is freely available from the SAE/ZVEI website and will be updated-on| a regular basis by a

Suggestions to updg
sent to CustomerSe

te or modify the example Knowledge Matrix are actively encouraged and such sy
vice@sae.org.

ggestions should be

The users’ company customer, but is not

required to be given

specific version of the knowledge matrix should be availablefor review by the
to the Customer.

8. ANALYSIS, MODELING AND SIMULATION (AMS)

8.1 Introduction tg the Use of Analysis, Modeling and Simulation

ess of studying the nature or operation ofianissue, item or substance by sorting
5 so that the relationships of how something is made and why it functions the
ering analysis can focus on either of\ftwo objectives: 1) Learning how and why t
Ive an issue or 2) Using the knowledge and lessons learned from past endeavor
designs or processep will perform. Many different types of analysis techniques have been developed
technologies, matelfials and issues, and whichi-are essentially either a physical, intellectual of
sometimes statistical process.

put and investigating
way it does can be
nings work or do not
5 to predict how new
to deal with different
mathematical and

Analysis is the prog
the component part
understood. Engine
work in order to resg

It is not the intent of this handbook to gosinto detail regarding the many established and emerging
available today. Engineers not familiar-with such techniques are encouraged to seek out, study
needed. Internationglly accepted standards and guides which provide an overview of proven teq

analysis techniques
and apply them as
hniques are readily

available [10, 11, 1P]. Detailed information, whether basic or state-of-the-art, on specific techniglies, such as Sneak

Circuit Analysis [13]) FMEA andyFault Tree Analysis [14, 15, 16], and Worst Case Circuit Design and
20] are also easily obtained through SAE International, Inc., national and international stang
professional societigs andjournals, and bookstores.

Analysis [17, 18, 19,
ards organizations,

Modeling is the cre

lysis to evaluate the

behavior of new systems. Engineering models are typically math based and are often incorporated into computer
programs. The models can be either empirical (i.e. based on observation of a results or an outcome) or phenomenal (i.e.
a model of the actual phenomenon and processes that produce the outcome). Phenomenal models are typically more
detailed and therefore more complicated to use. However this results in greater accuracy and makes them more
applicable to a wider range of circumstances than empirical models. Care must be applied when using empirical models
since they are typically accurate only under a limit range of conditions. These models give birth to the term cook book
equations and the common modeler saying that “all models are wrong, however some models are useful if you know how
and when to use them”. Therefore it is essential that modeling activities first require diligent development and validation
of the foundation mode that includes understanding the limitations and ranges of linearity or nonlinearity of the model and
how accurately it represents real world conditions.
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Simulation refers to the use of one system or media to represent the behavior or characteristics of a real world system.
Sophisticated engineering computer program are increasingly required and used to bring life to engineering models by
simulating complex events and functions. True simulations attempt to emulate the sequence of deterministic (i.e. cause
and effect) internal processes that produce a result by using phenomenal models and not merely predict an outcome or
results of an item being simulated. Simulations may also provide a visual representation of the fundamental processes
and the results in addition to mathematical and graphical results.

Advancements in computing power, simulation software and modeling algorithms are fuelling rapid progress in
automotive Analysis, Modeling and Simulation (AMS) methods especially when performed in an integrated Computer
Aided Design (CAD), and Computer Aided Engineering (CAE) environment. The skilled, up-front use of CAE analysis
improves the optimization of product performance, quality and reliability while reducing the overall time and costs of

design, developmen

and validation

In @ modeling and s
one task. The role ¢
needed) optimizing

until the designer ar
with the requiremenf
be demonstrated an
design’s theoretical

Sometimes, the opp
this case an organi:
incapable of acceptd
design to the point v
operating in its inten

mulation environment, design and analytical Development and Validation (D&V
f AMS in a product development process starts as virtual prototyping tasks for &
eatures and functions of a new design. The design evolves under this-analyzs
d analyst (or designer/analyst) develops and demonstrates a design that can o
s and under expected variation and noise factors. The virtual D&V, process is cg
blytically with accepted and proven models and validation assumptions that the v
Capabilities are acceptable to the projects requirements.

psite may be proven, i.e. that a specific design approach.is not capable of meet
ration may save a significant amount of time and €esources by not pursuing 4
ble performance. However, generally the objective.of AMS activities is to grow t
here it is found to be theoretically capable of censistently achieving its requirem
ded environment. The pre-optimized design.€an then advance to physical build

become essentially
valuating and (when
and revise process
erate in accordance
mpleted when it can
rtual (paper or CAD)

ng requirements. In

design path that is
ne capabilities of the
ents and goals while
hnd test evaluations.

The benefits of AMY virtual development and validation processes are:

Performance, dyrability and reliability robustness issues can be developed and optimized withouf|the time and cost of
physically building and testing prototype parts.

to physical testing pre-optimized by analysis activities that have already screened out many defects
bS.

Designs move it
and discrepancis
can be smoother(and faster without as many interruptions for fault detection] root cause trouble
rective action events.

Physical testing
shooting and co

Physical testing can be optimized. [4]

Physical testing|then{does not need to be totally comprehensive, it can be reduced to a serigs of spot checks of

critical features Tnd réfocused to criteria that can not be evaluated by analysis.

This rapid combined virtual D&V approach is possible in an integrated CAD-CAE environment because the results of an
evaluation can be used to immediately make informed, feedback guided revisions of design features as needed. The
virtually revised design can then be rapidly re-evaluated in the AMS environment in order to gauge the degree of
improvement until acceptable performance is achieved. The analyst then moves on to the next design criteria until all
aspects of the design have achieved the desired level of robust performance, durability and reliability.

In the physical world the pace of D&V activities are limited by the time and cost required to physically Design, Build, Test
and Fix (DBTF) successive generations of prototype parts. These real world limitations require the creation and
coordination of a series of sophisticated, complete build and test cycles that must cover all aspects of the new design in
each round of testing. Formal product validation is intended to be the final physical test series in this process. However,
rarely does physical testing identify and resolve all discrepancies to result in a final robust product. Usually the rounds of
physical DBTF activities conclude with the design being deemed “good enough” to advance into production launch
activities where reliability and capability growth continues via warranty events and customer dissatisfaction feedback.
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8.1.1  AMS Scope

This section provides an introduction to Computer Aided Engineering (CAE) Analysis, Modeling and Simulation
evaluations and how they can be applied to evaluate, optimize and ensure robustness of Automotive Electrical/ Electronic
(E/E) devices and defines recommended practices on how to integrate AMS procedures into development and validation
procedures for E/E devices but it does not define the detailed requirements of each modeling or simulation method which
are covered in SAE J2820.

This section is a summary of general-purpose math based evaluation techniques and CAE analysis tools that can be
applied to calculate a wide range of product characteristics and capabilities common to many E/E devices. These
methods can be applied individually or in groups during any product phase to:

1. Calculate capabjlities of early design concepts.

2. Perform robustness optimization and virtual validation of a CAD or paper design of a product.
3. Perform test planning, test optimization and extrapolation of test results to field conditions.

4. Investigate and fesolve discrepancies.

Four categories of groven AMS tools and modeling methods are defined that ‘ean be applied to asdess a wide range of
E/E product requirements during early product development. These are:

1. E/E Circuit and|systems analysis for evaluating performance, power issues and how performance is affected by
variation.

2. ElectromagneticlCompatibility (EMC) and signal integrity analysis.

3. Stress analysis| for determining thermal and mechanical loads, peak stresses, stress disfribution and stress
transmission paths and evaluating if the design is,strong enough to support the stresses.

4. Physics of Failure based failure mechanism susceptibility analysis for evaluating the durability and reliability
capabilities of a fesign.

When properly applied AMS methods are €apable of determining the theoretical performance and dufability of a proposed
new design. Howeler, modeling and ;simulation methods are unable to predict what kind of manufacturing errors or
variation issues could be inflicted of.adesign and what their outcome might be.

8.1.2 AMS Mission
It is the mission of this section to foster the development and use of efficiency enhancing E/E AMY CAE techniques by

providing a referenge(resource of Models, CAE tools, methods and a structure for integrating CAE(techniques into E/E
product developmentprotesses and A/D v pars:

It is the responsibility of the product engineer or team to determine which AMS objectives and procedures are relevant for
a specific device, technology or application and how to interpret the results and define application specific acceptance
(pass/fail) criteria when appropriate. However, general guidelines for interpretation and acceptance criteria are provided.
It is up to product teams to balance the selection of analysis objectives and tasks for mitigating design risk factors against
constraints factors such as: availability of CAE resources, component models, expertise of analysts, manpower, and
budget etc.

The techniques defined in this document are not all-inclusive due to the dynamic rate of development of new AMS
techniques and CAE tools; teams are encouraged to consider the use of other applicable analytical methods as they
become available
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8.2

8.2.1

Integration of Design Analysis into the Product Development Process

Analysis Template for Automotive Electrical/Electronic Modules

A template of analysis objectives for supporting the development of highly reliable automotive electrical and electronic
(E/E) devices is provided in Figure 15. The template is based upon analytical techniques that can be performed with
currently available (CAE) software. The following four evaluation areas are:

1.

2. Electromagnetic

E/E Circuit and Systems Analysis for Evaluating Performance and Power Issues

Compatibility and Signal Integrity

3. Stress Analysis
4. Durability and R

Some of the analyti
combined into a sin
arrows where the re
may require schedu
departments are inv

The template is not
teams are encoura
template. The templ

intended to mandatg¢ sophisticated high-end CAE simulations for<ituations when more basic calcul

suffice.

The template Figure
methods for evaluat
specific AMS tasks 2
balance the selecti
technology, aggress
models, analyst exp

When CAE analysis
evaluation of the corj

or Thermal and Mechanical Stress Distribution and Transmission
bliability.

cal objectives are independent which enables scheduling flexibility, others are
gle model or simulation to maximize efficiency. Others are dependent as de
sults of one analysis is used to as an input to another evaluation. Dependent
ling to ensure a timely flow of data especially when analystshfrom different teg
blved.

all-inclusive, due to the dynamic rate of development of new analytical technidg
ped to consider the use of other applicable analytical objective or methods
hte in not intended to be a mandatory list of tasks to be routinely applied to eve

15 is intended to be used as a planning tool to guide a product team throud
ng design objectives for automotive)E/E devices. The objectives are then combi
ppropriated to a project to be performed as part of the component’s D&V) plan. |

ve schedules ... etc., against constraints factors such as: availability of CAE Re|
brtise, manpower, budget,.etc.

identifies potential;design deficiencies, there may be a need for additional phy
cern. Discussions’on the four analysis objective categories start at section 8.3.

related and may be
nhoted by the dotted
analysis sequences
hnical disciplines or

ues and CAE tools;
not included in the
y program. Nor is it
ption techniques will

h existing analytical
ned to determine the
t is up to the team to

pbn of analysis objectives and’ tasks for mitigating design risk factors such as: complexity, new

sources, component

sical tests for further
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Series € - Physical
Stress Analysis (8.5}

Series D' - Durability
& Reliability Analysis (B.7)
Circutt Board Excessive
Flexure Analysis

Drop Endurance
Simulation

2 ration
Fahgue Durability

Shock |Jverstress
Frz icture
Durability Analysis

Vibratiun Fatigue
Dhur albality

Thesmal Stress (8.6.5)

Self Heating Simulation Thermal -
Conduction Medianical
Comvection Cycling Fatigue

Radiation Durability Analysis

Wire/ Circuit Trace
- Thermal Analysis

FIGURE 15 - ANALYSIS, MODELING AND SIMULATION OBJECTIVES TEMPLATE

The template combines multiple technical disciplines into an overall virtual engineering prototyping process. Each column
contains objectives, which require similar analytical skills and tools that are the primary interest of different members of
the product team. The dotted arrows indicate when an analytical object requires the results of another.
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EXAMPLE: The results of the electrical power dissipation analysis is required to perform a thermal analysis to determine
the local heating characteristics and thermal gradients across a circuit board under various power loading
and climate conditions (see Figure 16 below). The thermal results are then supplied back to the circuit analyst
and used to evaluate the effects of thermal and electrical drift on critical circuits as the device heats up.
Thermal performance results are also used for thermal-mechanical (heating expansion-cooling contraction)
fatigue durability analysis.

m3

Above — CAE|simulation of component power dissipation'to determine case temperatures at a 0 °C ambient.
Below — [CAE simulation of circuit board radiated:heat temperature gradients for the same|situation.

FIGURE 16 - EXAMPLE SIMULATION PCB RADIATED HEAT GRADIENTS
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8.2.2 CAE Analysis Reports and Documentation

As AMS analysis shares the burden or replaces physical tests in product development and validation, it is essential that
analysis results, conclusions and recommendations be formally documented and archived. The need for analysis records
is driven by requirements for product development communication, corrective action tracking and documentation of

engineering due diligence.

8.2.2.1

All AMS evaluation results and conclusions should be documented in Analytical Evaluation Reports.

Evaluation Report

These reports

should document the evaluation objectives and procedures that were selected by the product team and performed on the

device. The product

enaineer should nresent 2 summaryv of the renort to the nroduct team. A combple
J Lol J Lol L Ll

te copy of the report

should be delivered
documentation.
8.2.2.2 Correctiveg

Issues and design fe
When appropriate th
8.2.2.3  Simulation

CAE Analysis is not
testing and enable 3

When requirements

to the lead product engineer and a copy should be included and maintained_as

Action Documentation

atures that did not meet the acceptance criteria shall be documented in a close |
e analysis should include corrective action recommendations.inthése analytical

Aided Testing and the Integration of Simulation and Tests

envisioned to totally replace physical testing. However it is expected to greatly
switch to more effective and focused testing that compliments CAE capability.

can be confirmed by means of CAE virtual<validation techniques, physical te

Development and Validation plan may be reduced to cover:

Only the require

Simplified tests t

e Tests to confirm

When CAE analysis
evaluation of the cor
8.3 Circuit and Sy

The circuits and sy
objectives are organ

ments that cannot be evaluated by analysis.

o confirm that CAE models were-accurate and based upon valid assumptions.

identifies potential design deficiencies, there may be a need for additional phy
cern.

stems Analysis

stems analysis series is related to the operating performance objectives of
zed\into three groupings for

part of the products

bop tracking system.
valuation reports.

reduce the need for

5ting portions of the

that parts were correctly-manufactured and assembled in accordance with design expectations.

bical tests for further

E/E modules. The

[ )
¢ Power and Load
[ )

8.3.1  Purpose

E/E Circuit Performance and Variation Optimization

ing Analysis

Physical System Performance Modeling

Circuit and systems analysis is performed to evaluate the static and dynamic electrical performance of a proposed circuit
design in order to identify and resolve performance, tolerance and stability discrepancies during the initial early design
stage. When an E/E device is part of a physical system comprised of mechanical, hydraulic, pneumatic or other
elements, system level mutli-physics modeling can be used to identify and resolve overall performance and interaction
discrepancies.
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8.3.2
Challenge/Risk Rela
[ ]
°
[ ]

Recommended Coverage

ted Circuits as identified by the product team, Examples Include:

Circuits with new or complex designs, or new components.
Circuits that require a high degree of accuracy, stability or timing synchronization.
Circuits that perform essential vehicle control or safety related functions.

Other Circuits Identified by the product development team as challenge/risk related.

8.3.3 General Ang

Circuit or systen

Library of circuit

Definition of exc

e Definition of pow

8.4 Categories of

8.4.1 E/E Perform
This category of AM
such as static and ¢
performed under th
The method may be

These AMS object
engineers, circuit de
selected circuit con
loading, environmern
Design deficiencies
product team until cd

The maximum analy

lysis Information Input Requirements

element models or ability to create element models for the analysis:
tation signals or interface inputs to the circuit or system.

er, grounding and circuit protection conditions for the Eircuit or system.

F/E Circuits and Systems Modeling and Simulations

ance and Variation Modeling

S objectives are used to determine gléctrical performance objectives for a pro
ynamic voltage, current frequency responses, impedance characteristics, etc.
b expected excitation, interface,*loading, power and ground conditions of the i
applied to analogue, digital andimixed electrical signals.

ves are intended to involve and promote communication for effective desi
signers and circuit analysts. This effort supports early design optimization and
igurations and component values perform stably throughout the range of tolg

identified by«the*analysis are to be resolved or flagged and tracked for furth
rrective actions can be implemented.

Sis benhefits are typically achieved by focusing on higher risk circuits. The types g

simulations tasks thTt can-be performed for E/E Circuit Performance and Variation Optimization are:

schematics: Device(s) internal and vehicle level as appropriate to analysis goals,.

posed circuit design
The evaluations are
htended application.

jns among product
verification that the
rance stack-up, 1/0

tal variation andother noise conditions in accordance with design intent and pfoduct requirements.

br evaluation by the

f typical models and

Circuit Electrical

Performance Simulations and Input/ Output (I/O) Sensitivity Analysis
E/E Property Tolerance, Variation Analysis

Operating Voltage Range and Ground Offset Drift Analysis

Performance Thermal Drift Analysis

Voltage Extremes, Abnormal and Reverse Voltage Analysis
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8.4.2 E/E Power and Load Analysis

Power and load analysis is used on the high power circuits of a device to determine the amounts of electrical current and
power that must be carried by individual components and circuit connections. This information is used to properly size
components and circuit connections for their loads. The results are also used by the self-heating thermal analysis task.

The maximum benefits are typically achieved by focusing power analysis resources to identify surge, and sustained
maximum electrical current conditions and to quantify the power dissipation conditions for circuits and components that
are expected to self-heat which will raise the overall internal temperature of the device. Typically, components expected
to dissipate more that 0.25 watt or expected to self-heat by more than 10 °C under sustained duration conditions (i.e.
continuous on or active for more than 5 minutes) should be considered for power analysis. Power analysis is typically

applied to high powe

rand hnm/il\l/ loaded inlnnfl mlflm i power feed, \/nlfngp rngulnﬁnn and gmund ret

Irn circuits.

The power analysis
tools are needed to
power analysis resu
involve and promo
packaging engineerg

The types of AMS ta

e Component Pow

Short Circuit Loa

8.4.3 Physical Sys
This category conta
systems in the vehic
8.4.3.1  Electrical
Electrical interface d
specified the models
internal EE modelin

voltage variation co
conditions the circui

asks are related to the electrical performance analysis since electrical engineerin

Its to evaluate and optimize the device’s thermal design. The tasks(in this ser
e effective design communication among product engineers, circuit design
and thermal analysts.

sks that can be used to perform power and load analysis aré;

er Dissipation Analysis

Wire / Trace Cufrent Loading Analysis

ding Analysis
tem Evaluations

ns AMS techniques for analysisof how an E/E module interfaces with other B
e as well as with electro-mechanical and mechanical systems.

nterface Models

ircuit models of devices are used in vehicle and subsystem level modeling task
are to be created._in the customers modeling language in order to be compatiblg
g capabilitiesw.\This should be dynamic and account for the effects of vehicle
nditions and/support electrical parameter variation modeling across the full re
| is expected to be exposed to (i.e. operating environment temperature plus po

heating effects). Inferface,models shall also support modeling of component parameter tolerances

effects modeling.

g skills and analysis

determine electrical power and current flow. Packaging engineers and)thernpal analysts use the

es are organized to
brs, circuit analysts

/E components and

5. Unless otherwise
with the customer’s
supply and ground
nge of temperature
wer dissipation self-
to support variation

Interface models should include documentation of the model's relative accuracy, limitations and any modeling
assumptions used in their creation. Detailed requirements for the interface model or required procedures shall be defined
by a design team of design responsible engineers.

Examples of the typical types of interface models are:

Power/Voltage Supply Loading - Models for typical, worst case and parasitic load conditions for battery, ignition and

other power feeds for use in vehicle energy management analysis and wiring system design. Typically, load models
are required to represent the device’s electrical loading characteristics or equivalent resistance and should be
accurate over the device’s specified voltage and temperature ranges.

Signal Interface

Models - Models of input and output characteristics.

Transfer Function - Use in evaluating control system performance and system interactions.
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8.4.3.2 Electromechanical, Power Electromagnetic and Electric Machine Analysis

There are two categories of Electromagnetic (EM) modeling and simulation tools. One deals with High Frequency EM
(HF-EM) waves and radiation issues for wireless radio frequency signals and Electromagnetic Compatibility (EMC).
HF-EM will be discussed in the EMC CAE section. This section will deal with CAE tools for Low Frequency
Electromagnetic (LF-EM) issues involving power induction for electric machines.

The magnetic and electromagnetic aspects of electric machines cannot be modeled E/E analysis techniques (i.e. theories
and equations of Coulombs, Ohm’s, Kirchhoff’s .etc,). At best E/E analysis can only estimate E/E circuit performance of
EM elements by using equivalent circuit approximations to account for some of the electrical aspects of electric motors,
generators, relays, solenords transformers mductrve sensors .etc. These estlmates are usuaIIy sufficient for general E/E

circuit interface calc
precision control cirquits to the electric machrne

For example, a simple linear solenoid actuator is modeled electrically as a pure resistive-inductive
electrical model cannot account for variations in the actuation force and response time due-to volta
circuit analysis canrot respond to the change in inductance related to the motion of the solenoid’
example is that elegtric circuit analysis cannot model the electromagnetic fields, transients and noi
electric machines. This is a frequent source of electromagnetic interference (EMI) noise problems in

Highly effective elegtromagnetic (EM-CAE) AMS programs for performing multi-domain (electrical —
exists. They are based upon Maxwell’s equations of electromagnetic induction. EM-CAE tools are
use since they reqyire expertise in magnetic and electromagnetic circtit ‘physics in addition to E/E
machine skills. Fufthermore, magnetic and EM circuit modeling reguires physical layout, geom
material property parameters in additions to electrical components‘and connection schematics.

complexities, the depign improvement and time to market value  added by these tools is resulting in

EM-CAE modeling t¢chniques.

8.4.3.21 Purposq
This analysis is mea
EE module in order
design stages. M&
criteria for electric

reluctive sensors.

ht to evaluate the performance, of electromechanical devices and their interfaces
to identify and resolve perfofmance, control, stability and EMI discrepancies d
5 tasks may include evaldation of magnetic, electromagnetic, mechanical and
machines such as motors, generators, transformers,

8.4.3.2.2 Recommended Coverage

Coverage is recommended fordesign, performance and control analysis of all electromagnetic ang
mechanics.

8.4.3.2.3 GenerallAnalysis Information Input Requirements

inductors, solenoids, ri;ays,

¢ machines and any

(RL) circuit. But an
ge changes and the
armature. Another
se characteristics of
ehicle programs.

magnetic) modeling
more challenging to
E circuit and electric
ptries and magnetic
Despite the added
he increased use of

and interactions with
iring the initial early
ermal performance
inductive and

electro-mechanical

Circuit Schematics of the device and the as appropriate to the analysis objectives.
Library of circuit element models and magnetic material properties.

Definition of power, grounding, and excitation signals and circuit interfaces.
Definition and geometries of mechanical layout and interfaces.

Definition of required output characteristics and/or output loading conditions.

Definition of the environment temperature range where device is required to operate.
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8.4.3.3 Physical System Performance Modeling

These AMS tasks included multi-physics modeling techniques which are used when systems are comprised of element
from different engineering disciplines or electrical energy is required to be transfer across physics domains or transformed
into different physical forms. These modeling techniques allow the E/E modules interactions with various automotive
mechanical elements to be analyzed in order to perform analysis of complete, sometimes complex systems that are
comprised of E/E, electro-mechanical and mechanical elements.

8.5 EMC and Signal Integrity (SI) Analysis:
The Electromagnetic Compatlblllty (EMC) and SI M&S objectlves are to evaluate and optlmlze the ability of an E/E

component or system ating electromagnetic
interference (EMI) i.¢.

stry or mlsdlrected eIectromagnetlc energy

Signal Integrity (SI) analysis relates to the propensity of higher frequency signals to be degraded by E[M wave propagation
effects, signal reflections and line impendence mismatch conditions. Evaluating these criteria requifes transmission line
analysis techniques.

When the functions pf a system includes receiving or transmitting signals for radiorMrequency commynication, telemetrics
and wireless remote|control, EMC analysis should also include antenna performance evaluation.

EMI energy can tak¢ the form of radiated waves that can be coupled intossignal and power lines or ¢onducted transients
superimposed onto signal and power lines. Sometimes, both conditions{are’involved as a radiated wave is converted into
a conducted transient or vice versa.

Every form of EMI rgquires a configuration or system consisting.of:
¢ A noise generating interference source,
e An energy coupling mechanism,

o A susceptible regeiver.

EMI can be preventgd by the use of proven;well-documented design features and practices that:
e Suppress or contain noise at the source
¢ Disrupt or degrafde the effectiveness of energy coupling mechanism,

e Protect or reduc|ng the sensitivity of receivers.

Electromagnetic conmpatibitity isessentiat-for safety andretiabitity imtoday's-higtrtechrvehictesardsotiety.

EXAMPLES: Vehicles cannot afford engine stalls or brake malfunctions because a controller was disrupted by the ringing
of a passenger’s cell phone. Likewise, the heart pacemaker in a driver can not be allowed to malfunction
by activating a car’s horn or air conditioning system.

For these reasons automotive OEM’s, the SAE, Governments and other industries all have requirements for ensuring
EMC by specifying maximum emission and minimum susceptibility levels for products and systems.
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Despite these regulations and requirements, designers typically employ only minimal level of EMI control features into
initial designs. This practice is based on valid “Over Design” concerns of incurring size, weight and cost penalties due to
unnecessary components. Therefore, EMC features and components are often not used until a need is absolutely proven
usually by means of EMC testing. Automotive EMC testing is typically comprised of 10-15 different evaluation
procedures. These EMC tests require expensive, room size test cells and sophisticated monitoring equipment. EMC
optimization usually requires several rounds of building, testing and fixing prototype parts, first on the component level
then at the vehicle level. This process needs to be performed on dozens of E/E components and systems on every
vehicle. This makes EMC testing the highest cost and most time-consuming activities in automotive E/E product
development and validation.

To address this S|tuat|on many automotlve OEM s have instituted a detailed EMC design rewew process which includes

a design review ch
staff. This manual,
of EMC capability h
basic easily prevent
and verify the EMC

The types of typical

the OEM’s technical
At an adequate level
y are not wasted on
n phase to optimize

abor-intensive review of component schematics and layout is used to ensure ith
s been designed in prior to EMC testing, so that test resources, time andmong
bd issues. The use of EMC-CAE AMS analysis methods during the injtialydesig
apability of a design as it is created is the next logical step.

AMS tasks that can be performed for EMC and Signal Integrity Analysis are:

Circuit Input Filter Analysis.

Conductive Trarsient Generation and Endurance Analysis.

ESD Endurance|Analysis

Voltage Supply Yariation and Transient Analysis

EMC Radiated Bmission Analysis

RF Antenna Ang

. lysis

8.5.1 CAE Programs for EMC and Sl Analysis
There are a number
performance and trg
of every new circuit,
threat. EMI/EMC n
move out of the tool
that have created

Electromagnetic Compatibility Research Consortium at the University of Missouri -

of EMI related analysis evaluations that can be performed with E/E circuit anal
nsient suppression-are two basic procedures that should be incorporated into t
Circuit analysis methods are of course limited to only the electrical componentg

ysis methods. Filter
e design evaluation
involved in an EMI

ulti domain-electrical and magnetic analysis is one of the newer categories of CAE techniques to
5 researchlabs and into the commercial realm. Much of this advancement is du
math medels and tools of EMI transmission and coupling mechanisms by
Rolla.

to research efforts
groups such as the

EMC-CAE is also or A A H : hanisms that have to
be considered and have produced many dlfferent spemahzed modellng tools and approaches However, some of the
newer EMC-CAE tools combine several analysis techniques. This allows them to model a wide range of EMC conditions
for specific applications in a suite of interactive analysis tools there are four basic analysis approaches defined in the
following list.

1. Analytical Equations Solvers: The easiest tools to use but have limited scope and are applicable only to simple
shapes and structures. They have some use as part of specific application evaluation templates. However, they

provide little practical value for most real world modeling situations.

Numerical Simulations: Perform any type of full field simulation for the full range of Maxwell’'s EM equations. Various
types of numerical analysis methods are used such as: Finite Element Model (FEM), Method of Moment (MoM), Finite
Difference Time Domain (FDTM), Frequency Domain Finite Difference (FDFD) etc. These programs are the most
flexible and challenging tools to use. They require highly skilled analysts to set up the problem and interpret the
results in term of how design will respond to the field conditions predicted by the program.
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in user-defined

libraries.

guidelines. Usually an EMC expert is required to define and set up the rules.

Design Rules Checkers: CAE programs that rapidly scan designs and layouts to identify violations of rules contained
Good for accurate, automated detection of errors and enforcement of best practices

Expert Systems: CAE programs that evaluate or ask questions about the design in order to suggest the type of EMI

control features the design requires or to define and run a sequence of virtual evaluations that interpret the results in
term of risk severity and recommend possible solutions.

EMC-CAE tools are then further divided into general and application specific sub groupings.

8.5.1.1  Purpose

The modeling and s
to determine their €
components and sys
stray electromagneti
8.5.1.2 Recomme
The Recommended
As a minimum cirg
capabilities of new,

rule verification anal
to be performed on

recommended on wi

8.5.1.3 General A

Circuit Schematics -

e Library of circuit

Definition of pow

Definition of the

8.6 Physical Stres

Definition and ggometries of mechahnical layout and interfaces.

Definition of reqliired signal Input / Output characteristics and signal strength loading conditions.

mulation of EMI/EMC characteristics and modeling of electromagnetic waves_an
ffect on EMI/EMC characteristics. The Results are used to evaluate and optim
tems to correctly function in their environment without responding to or generatin
C energy.

nded Coverage

Coverage depends on the type of devices being analyzed ‘and the capabilities
uit analysis tools should be used to verify filter performance and transienf
high risk, high performance and critical electronic circuits. When available radi
ysis is recommended on all new circuit board assemblies. Signal integrity analy
nigh frequency circuits operating in and above the\gigahertz range. Antenna per
reless communication systems and wireless remote control systems.
halysis Information Input and Requirements

vehicle and internal device level as appropriate to analysis objectives.
element models and magnetic\material properties.

er, grounding, excitation, sighals and circuit interfaces.

environment temperature range where device is required to operate.

sAnalysis

1 fields is performed
ze the ability of E/E
g disruptive levels of

bf the modeling tool.

noise suppression
hted EM and design
sis is recommended
formance analysis is

Physical stress analysis can be used to assess the effectiveness of an E/E device's physical packaging to maintain
structural and circuit interconnection integrity and a suitable environment for E/E circuits to reliability function. (Note -
electrical stress evaluations were previously discussed in the E/E analysis sections). Physical packaging involves the
ergonomic, mechanical support, electrical connections, and power, thermal and environmental management features that
sustain the E/E components assemble in an E/E device or module.

Analytical evaluations of these physical aspects transform the discipline of electronics packaging from a subjective art into
an objective science. The following overview discusses how Reliability Physics and Physics of Failure principles can be
used to analytically evaluate a design’s ability to reliably endure operating stresses.

Stress is the effect usage and environmental loads place on a device and its materials. Every loading force applied to or
generated in a device triggers either a resulting motion and/or a stress distribution built up within a device’s materials and
structures to balance the applied forces. The amount of strain experienced is a factor of a device’s size, shape and
material properties that determine strength.
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Sources of stress experienced in electronic equipment is displayed in the pie chart in Figure 17.

Vibration/
Shock 209

Contaminants

Stress can produce

e The strain from an applied stress will be stiq&\l as to be inconsequential (i.e. the desired state)

o Electrical prope
performance dy
performance the

e The stress may
fracture, bucklin

e Enduring a stea

& Dust 6% Temperature -
Steady State & Cyclical 55%

Q
Humidity/ ‘],Q
Moisture 19%
N/

FIGURE 17 - SOURCES OF STRESS FOQ) ECTRONIC EQUIPMENT

The percentages vary for different a ’f\é;tions and packaging locations.
(ref. “The handbook of electroﬁackage design” section 1.4.2).

our possible outcomes that musk@ accounted for to achieve a reliable product.

ties may shift (i.e. reSistance and capacitance drift, piezoelectric effect, etc.)
ring stress condi@ . The amount of drift that can be tolerated withou
n becomes a ke;ﬁgsue.

-

exceed Ql'eld point to trigger an imminent overstress failure mechanism i
), exce@ deformation, melting or other thermal event, etc.).

this can alter circuit
degrading system

n the materials (i.e.

materials. Gradual

molecular break

jﬁ%ss or series of stress cycles, causes incremental damage accumulation ir

lon, creep, corrosion

.etc.). Determining the durability time period during which required performance is maintained until wear out failures
occur then becomes a key issue which is discussed further in the durability/ reliability modeling section.

Typically, these effects are identified by means of physical performance and life testing that evaluates performance under
applied loads over time in a pass/fail format. Such tests do not directly determine stress transfer or strain effects, so
information on design margin (i.e. safety factor) that could be used for design optimization is not known. However, M&S
methods can also perform stress analysis and optimization as the design is created. The objectives of stress analysis

are:

e |dentify the loadi

ng factors that will stress the device in its intended application.

e Calculate the device strength and the stress - strain relationship transferred throughout the device.
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o Verify that the strain doesn’t exceed material yield points which could cause imminent failure.

o Identify items that may be highly or frequently stressed. These items are at risk for damage accumulation wear out

types of failure mechanisms and will also require long term durability analysis.

A Physics of Failure stress, strain and strength engineering analysis as the initial design is created provides an
opportunity to adapt a “Right Design” engineering philosophy. This approach takes a neither takes a minimal or “Under
Design” approach, to strength, robustness and reliability features To avoid excess costs, size and mass are minimized

unless their need is proven by testing or an over design approach is needed to ensure high quality and reliability.

Physics of Failure based M&S stress analysis offers opportunities to 1) improve product Quality, Reliability and Durability

(QRD), 2) reduce
product to be “Right

Electrical, mechanic
E/E modules. Elec
The following sectio
8.6.1 Purpose

Physical stress ana
stress profiles that t
evaluate the modulg
capabilities in order
usage stresses that
Finally it is used tq
environment for E/E

8.6.2 Recommengq

E/E modules with:
e More than 50 coj
IC components |

Discrete surface

Leadless Integrg

Designed” (i.e. right sized) for the stress load and the intended service life of the

| and thermal stress analyses are the types of stress M&S methods maost appl

rical Stress analysis had been previously covered under the Circuit ‘and Syste
s will address mechanical and thermal stress analysis.

ysis is performed to understand and use the static and,dynamic physical, med
e E/E device is required to endure under usage and environmental conditions. |f

to optimize and verify that the strength of a dgsigh This is needed to show th

evaluate structural integrity or circuit interconnection and the suitability of t
circuits to reliably function.

ed Coverage

mponents or components larger than 2” (~5 cm) per side.
arger the 64 pins ot 17 (2.54 cm) per side.

mount components of EIA package size 2010 or larger.
ted Cjreuit component

ities‘that are more that 10 °C.

mization that allows
bpplication

cable to automotive
m analysis sections.

hanical and thermal
is also performed to

s inherent strength, stress transfer mechanisms, _stress distribution patterns apd stress endurance

at it can endure the

cause “Over Stress” failure mechanisms suchas yield, fracture, buckling, theqmal melt down, etc.

he modules internal

Self heat capabi

mechanical com

8.6.3

Circuit Schemati

ponent.

General Analysis Information and Input Requirements

cs: Device(s) internal and vehicle level as appropriate to analysis objectives.

Circuit Board Component Assembly layout and dimensions.
Circuit board housing and packaging support dimensions.

Library of E/E part models of dimension and material or ability to create models for the analysis.

Mounting locations in an under hood or other high temperature or high vibration environment or integrated into a
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Library of E/E part materials, their mechanical and thermal stress transfer and strength properties

Library of E/E parts Failure Mechanism Models.

Definition of intended operating and off state - vibration, shock and thermal environmental profiles

Definition of operating usage profile and related power dissipation in E/E parts.

8.6.4 Mechanical Stress Analysis

Mechanical stress analysis (also known as structural analysis) calculates the stress-strain conditions that can occur in

evaluated against the material properties and strength capabilities of the device (i.e. yield strengthy cfeep resistance etc.)

parts and materials|due to the load, shock and vibration conditions a device is expected to endu}re. The results are

to determine the loading factors that can overstress the design to cause a failure. After the destruc
are known, the design can be optimized and analytically validated as able to support the loads.™ Finitq
are used to determirje structural stress, strength and behavior. Stress analysis and management is a
QRD optimization skill as competition and rapidly changing technology results in smalléer and lig
perform at higher stress and power levels.

Mechanical stress apalysis is intended to involve and promote communication for effective mechanig
among product eng|neers, circuit board E-CAD layout designers, packaging engineers/designers
engineers and mechanical analysts.

Mechanical stress models and simulations analysis tasks are:

e Structural Load Analysis of Housings, Circuit Board Assemblies (CBAs) and other components.
e Snap Lock Fastg¢ners Performance Analysis

¢ CBA Vibration Modal Analysis (see example below)

e CBA Shock Response Analysis

e Component Inertial Vibration Analysis)

ve stress conditions

Element AMS tools
vital cost, mass and
nter parts that must

al packaging design
hnd mechanical test
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8.6.5 Thermal Str

(AMPLE OF A CIRCUIT BOARD ASSEMBLY VIBRATION MODAL SIMULATIQ
the first harmonic resonant frequency modal shape to identify the locations of pg

(highlighted in red) and the stresses transmitted to components at those locations|

FIGURE 18 - EXAMPLE.RCB ASSEMBLY VIBRATION SIMULATION

bss Analysis

The purpose of the thermal analytical stréss ’AMS tasks is to determine the effects of power dissipatio

E/E module. The r
Figure 15. Combini
the initial design to €

Thermal models ang
individual componer
combined with the 6

bsults of these analyses can then be used as inputs to the durability models
ng the results of the durability analyses with experience gives an early indicatio
nvironmental €onditions.

DN
ak bending stress

n self heating on the
and simulations see
n of the suitability of

simulations are used to predict the maximum temperature of the module and t
ts, dué-to internal heating, when subject to various electrical power and usag
xternal environment heating conditions in the Iocatmg where the module is mo

Thermal AMS is red

Worst Case Operation, and Short Circuit.

thermal stress models.

Thermal stress models and simulations analysis tasks are:

Power Dissipation Self Heating Simulations.

Wire / Circuit Trace Thermal Analysis.

e temperature of its
e loading conditions
nted in the vehicle.

, , ation, Heavily Loaded,
The results of the eIectrlcaI power modellng can be used as inputs to the
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8.7 Durability and Reliability Analysis

After the stress conditions are known, the long-term effects of stress endurance that causes gradual degradation or wear
out conditions in the materials of a device can be modeled to evaluate the wear out related durability and reliability of the
design. Models of wear out failure mechanisms are based on the Physics of Failure concepts of stress driven damage
accumulation in materials that continuous or cyclical exposure to stress/ strain cycles causes incremental amounts of
damage accumulation in the material that endured these stresses. Gradually molecular breakdown eventually produces
wear out failures mechanisms” (such as fatigue, delamination, creep, corrosion etc.).

Determining the durability time period until wear out failures occur becomes a function of calculating the ability of the
strength-strain relationship of the materials in design features to resist degradation due to the strength and frequency of

exposure to stress |
and durability evalug
first failure for the wi
loading conditions.

population of parts ¢

NOTE: Manufacturi
capabilities
performed v
expectation
manufacturi

Therefore total prod
equal effort needs tq
of manufacturing rok

The physics of dural

tions may be combined into a single modeling tasks. The primary concern is\¢
bakest part or material (due to variation effects) that is exposed to the highest.or
This worst case time to first failure in modeling the failure rate for a theoretical
an be modeled via Monte Carlo simulation to determine reliability perfarmance of

ng and fabrication quality errors can weaken a product, this can.degrade the du
Df even a highly optimized design. Durability and reliability medeling of a propag
vith the assumption that the parts will be correctly built&and fabricated in 3
of the designer. The PoF Durability Simulation Models are unable to p
ng errors could be inflicted on a design as it is built and-what their outcome might

A

be applied to developing a capable and consistent manufacturing and assembl
ustness and quality are covered in Section 10z

ility / reliability models that can be performed in conjunction with stress modeling

ften stress, strength
Iculating the time to
most frequent stress
variation profile of a
the design.

rability and reliability
sed virtual design is
ccordance with the
redict what kind of
be.

ict robustness also requires that after a capable, robust design had been developed and validated an

y processes. Issues

tasks are:

Circuit Board Excessive Flexure Analysis.

Drop Endurancg Simulations

Circuit board Asgembly Vibration Modal\Fatigue Analysis.

Shock Fracture Durability Analysis
E/E Component|Vibration Fatigue

Thermal-Mechanical of Fhermal Shock Cycling Fatigue Durability Analysis.

i Mot adl
OIS IVICTTOUS

8.8 Physical Analy

In additions to math based AMS methods, there are also a number of physical material analysis techniques that can be
applied later in the product development process to verify that the physical realization of a new device meet the design
expectation for materials and assemblies quality and to verify that the devices are being produced without defects or
susceptibilities to certain failure mechanism. These direct quality assessment (DQA) methods can be performed rapidly
and without the need for environmental stress testing. They are:

Metallographic Analysis of Soldering Quality.
e lon Chromatography of Evaluation of Circuit Board Cleanliness.
[ ]

Modal Characterization of Circuit Board Vibration Responses.

e Thermal Evaluation by Infrared Imaging.
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9. INTELLIGENT TESTING

9.1 Introduction and Motivation for Intelligent Testing

Intelligent Testing is a new testing approach for EEMs. It is implemented considering the Robustness Validation process
philosophy from start of development till the end of production. The aim of Intelligent Testing beyond basic validation of
the EEM for automotive suitability is to identify the robustness margin early in the development phase. The results of
Intelligent Testing activities are used to calculate the Robustness Indication Figure (RIF) defined in Section 11 of this
handbook. In addition, the results of Intelligent Testing may be used for the production ramp up and the control of the
production process (control plan, SPC, etc.) and for the definition of any periodic and/or change driven revalidation

activities.

The new Intelligent
Considers the a
considers applic|
Is implemented

Uses Test to Fa
of results.

The Intelligent Testi
value chain. It define
comprehensive robu

Not all information g
contained in this seq
topics can be found
9.2 Intelligent Tes
In this section a ten

three pillars of the |
process:
[ ]

Capability testin

e Durability testing

[esting approach is knowledge based and

bplication specific mission profile (see Section 6 Mission Profile).
btion, product and process technology specific failure modes (see,Section 7 Knoy
by an EEM specific Robustness Validation Plan.

lure (accelerated testing potentially exceeding specification limits) with final analy

g approach requires a change of mindset as wellras strong communication thro
s not another “cook book” style test specification, but instead gives a general gu
stness information about the product. .

nd knowledge related to the application of different acceleration models, or the
tion. Topics of this complexity are-beyond the scope of this handbook. Detailed
n existing public literature (see Section 2 References).

ing Temple

ple as shown in Figure™9 is used as a visual aid to convey the concepts of Int

=

vledge Matrix)

sis and assessment

Lighout the complete
deline on how to get

ir calculation will be
nformation on these

elligent Testing. The

ntelligent Testing, Temple represent the three basic categories of tests in the Robustness Validation

Technology specific testing

In general all three categories of tests are performed during all phases of development:

Design Validatio

Prototype Phase

n Phase

Product Validation Phase
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The scope off tests is allocated to the three development phases, depending on the maturity of the product. Testing in the
production ramp up and series production phase is an integrated part of Intelligent Testing, since the results of testing
during the development phases are used to optimize the production control parameters. On the other hand the statistical
information out of this phase is used to confirm Robustness Validation test results which have minimal statistical evidence
due to limited samples quantities.

The implementation of the “state of the art” capability testing and durability testing, combined with failure mode and
technology-specific testing, at the right time is the key for “Intelligent Testing” in the Robustness Validation process.

Robustness Validation

Intelligent Testing

Capability Durability
Testing Testing

Input

- Gen. Automotive
Requirements - Mission Profile
- Mission Profile

Tools

- Failure Made
Specific Tests
- Highly accelerated

- Mission Profile
- Standards
- Selection Rules

- Acceleration
Models

Production Ramp 2 / Series Production

FIGURE 19 - ROBUSTNESS\LABDATION INTELLIGENT TESTING TEMPLE

Q)
9.21 Capability Tgsting o

Capability Testing gonfirms the ability &%e product to withstand specific stresses, thus verifyind that the product is
capable for such stress factors whichc) ot related to any life time or durability factors.

These capability tegts are typic efined in the vehicle manufacturer's requirements specification (based on mission
profile) and should pe perfor, as soon as possible for any new technologies, depending on the availability of test
samples and maturjty of roduct related to this specific stress factor and failure mechanisin. Design changes
potentially affecting fthes pabilities may require that some tests be repeated (based on structurgd risk assessment).
The scope of capabi il(yb ing during any of the three development phases is shown in the temple of Figure 20.

For any well known product and process technologies, these capability tests should be performed with final product
configuration during the product Validation phase for final confirmation.

Some examples for capability testing are:

e Flammability testing

o Water/ Dust protection

e Electrical testing (Over voltage, Reverse polarity)

e Drop test
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Three Essential Columns to Robustness Validation

Robustness Validation
Intelligent Testing
Capability Prototype Design Production
Testing Phase Validation Validation

o Tectod IO pemetinlon ot et 10 = 0 I N T i
: new technologies,  one technologica final product
_ mr:l::n"ftisle when maturity aspect, if maturity level  produced @?‘
level is sufficient  regarding this aspect is  series equi
to test the new improved.
technology Additional test, if q/
- Mission Profile maturity level is N7/
- Standards improved such that new q:\
- Selection Rules technological aspects - ™\
can be tested X

Production Ramp Up / Serles Produrtion

FIGURE 20 - INTELLIGENT TESTING TEMPLE: CAPABILITY TESTING
9.2.2 Durability Tgsting

Durability testing agsesses how long the product is able 0" perform to specification when subjectpd to various stress
factors. Durability tepts can be performed using either a test-to-failure or a “success run” approach against specified end-
of-test criteria. To make such Durability tests possiblé within a reasonable time frame, the stress factors can be set at
accelerated stress lgvels which are based on mathematical models. For the most part, current test standards (definition of
stress level and duration) utilize the success rumsapproach, which means the target is to pass the testg without any failure.

The Robustness Validation approach emphasizes obtaining test-to-failure results during Prototype and Design Validation
phases to identify thie robustness margimof the product compared to the expected life. Despite this [the success run test
approach is still pant of the Intelligent ;Testing process as final validation of conformance to Missipn Profile conditions
which is performed [during the Production Validation phase to confirm the production (product/progess) conformity and
produceability and |s the suce€ss point from which margin is measured. During the Prototype| phase the existing
acceleration modeld are enhanced to reduce the time for testing to get earlier and faster results for a robustness
assessment. See Ref [2].,The applicability and accuracy of the acceleration models depends on mpny parameters and
may only be valid fgr a dimited stress level range. There is therefore a need for strong communicati¢n through the value
chain to define test gases with high acceleration while avoiding the generation of failure mechanisms Wwhich are caused by
the acceleration fac . se are used for the
calculation of the RIF. The scope of durability testing during any of the three development phases is shown in the temple
of Figure 21.

Some examples for Durability testing are:
e High temperature Durability testing
e Power thermal cycling testing

e Mechanical Endurance test
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Three Essential Columns to Robustness Validation

Robustness Validation
Intelligent Testing

9.2.3 Technology-
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conditions. It is quite
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When these events
avoidable design or
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Durability Protatype Design Production
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test to failure tests to failure tests Q
(possibly strongly {moderately {within
R IEraTEI exceeding spec) exceeding spec) SuCcess
Models NN 7

Production Ramp Up / Series Production

FIGURE 21 - INTELLIGENT TESTING TEMPLE: ABILITY TESTING

N
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bd operating modes.
rmine if there exists

High and low stg

a%?%C voltage and current levels

Humidity

Transient voltages and currents
High and low steady state temperature operation

Thermal cycles and shock

Mechanical random vibration, sine vibration, and shocks
Exposure to environmental pollutants

Customer usage cycles


https://saenorm.com/api/?name=22c3d51249bf9f947ed23b20dafea2fc

SAE J1211 Revised APR2009 Page 59 of 126

During the Prototype Phase such Technology-Specific Tests are performed with very high acceleration factors in order to
generate very fast, technology-specific failure mechanisms which are expected or which are critical based on the
Robustness Validation test plan. These tests results show weaknesses of the product for specific technologies and failure
mechanisms, with limited correlation to the field due to less accuracy or lack of the models for such acceleration factors.
The HALT test method is an adequate test method for such Robustness analysis during prototype phase. During the
Design and Production Validation phases such Technology-Specific tests shall be performed if the maturity level of these
specific failure modes is changed. The scope of technology-specific testing during any of the three development phases is
shown in the temple of Figure 22.

9.2.4  Production Ramp-up and Mass Production

During the productign ramp-up phase shown as the base of the temple in Figure 19 through Figure 22 the results and
experience gained ffom the Robustness assessments in the development phase are used to define production control
plan parameters. In jaddition data gathered during ramp-up and Mass production allows the engineefing team to validate
the development regults of robustness assessments with statistical evidence.

Three Essential Columns to Robustness Validation

Robustness Validation
Intelligent Testing
N\
Technology Prototype S\‘&slgn Production
Testing Phase @Validation Validation
NN
D,
i To be tested w Performing of test Performing of test
. ﬁﬁﬂ ?: r::::;l{e failure mu-:le&@ for one specific fior one specific
specific f fallure mode, failure mode, only
a{{nfd[gﬂa test  only if maturity level  if maturity level
- Failure Mode plan,dF maturity  regarding this regarding this
Specific Tests I@) sufficient.  failure mode failure mode is
is changed. changed.

- Highly Accelerated « -
anty TS s\

Production Ramp Up / Series Production

FIGURE 22 - INFELLIGENT TESTING TEMPLE: TECHNOLOGY-SPECIFIC TESTING

9.3 Assessment of Product Robustness in the Development Phase

9.3.1  Robustness|Validation Plan Development

The first step during the Robustness Validation process is the creation of the Robustness Validation Plan during the
concept phase. The Robustness Validation Plan defines all stress tests necessary to asses the suitability of the
robustness of the product during development with respect to the Mission Profile. . An overview of the robustness
validation plan development flow is shown in Figure 23.

The requirements are defined in the mission profile, normally described in the specification of the OEM. OEM and 1st tier
supplier shall develop the Robustness Validation plan together to find a common understanding of the requirements in
detail and to share their experiences.


https://saenorm.com/api/?name=22c3d51249bf9f947ed23b20dafea2fc

SAE

J1211 Revised APR2009

Page 60 of 126

The following sources of information can be used to help find the potential weaknesses of the product and can therefore
be used for the creation of the Robustness Validation plan:

1.

2.

All assessment reslilts shall be considered to create the Robustness Validation Plan to define t
suitable point in timg.

The Robustness Val

Mission Profile (see Section 6).

Knowledge Matri

x: (see Section 7).

Assessment of New Sub Components: Special interest should be given to new (sub) components (e.g.

microcontrollers or sensors). Criteria for (sub) components are similar to the above mentioned for the comparison of
existing products.

Assessment of N

law Pracess - Faor new nraocesses-similar criteria-annlv as far existina nroducts
P PPy gP g

Comparison wit|

n existing products: If a product with a comparable technology in desigm; pro

comparable mis

Product des
Production g
Mission prof
Quality level

Test results
Maturity and

Such comparisoh is also applicable on sub systems (e.gsthe voltage supply part of a control unit
have to run undgr identical conditions. The repeatability<of test procedures is a fundamental charze

sion profile is available, then experiences with this product shall be considered to
testing in the RV test plan. To assess the comparability between two products, the) following
considered in ddtail:

Load conditipns (Thermal, current, mechanical, etc)

gn (Materials, components, solders, adhesives, layout, etc)

rocess (location, production line, tooling, handling, process-materials, etc
le for the comparable products

(requirements)

release status

tess and fused in a

reduce the effort for
criteria have to be

. Comparative tests
cteristic.

FMEA: The idertified critical results of the Desigh,Process and System FMEA also provide inpyt to the Robustness

Validation test p

Analysis, Model

an.

ng and Simulation: Results of any simulations shall be considered for the creatig

Validation test p

Phase: (Prototyp

an.

dation Plan’should include amongst others:

e/ DV PV)

n of the Robustness

ne right tests at the

Intention of the tests

Number of DUT"’

Description of the

S

tests (including. used acceleration models and factors)

Assessment and acceptance criteria
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The Robustness Validation Plan is intended to be a living document and should therefore be continuously reviewed based
on the development progress, the product maturity level reached, and the test results. Strong communication is therefore
needed between all involved parties. The DVP&R can be used to document all Robustness Validation activities,
necessary for a complete Robustness Validation.

Intelligent Testing > Robustness Validation Plan Development / Flow

« Mission Profile
Technology, Vehicle platform,
mounting location, conditions of use,

environment
" Knowledge Batriy ;:?:r:-eiers or
Physics of failure :
Basic failure mechgnism and failure Galculation pf
effects Rokustness Indication
Components and pfocess steps Factor
« Assessment of ney (sub)
components N©
+ Assessment of new processes Robustness Indication Factor q/ RIF
+ Comparison with ¢xisting products = Calculation of Product Rnbustne{ '\Nd on Robustness
+ Design, System and Process FMEA Robustness Indicator figure o Indicator
+ Simulations é
Cont. Impr. activity: no ) . no
= Develop Robustnegs Validation Plan Communicationof 5 Risk Analysis RUbP”“d"ESf of
(test philosophy) bpsed on Inputs new experiences intgh(\ ok? mk‘?"’:
with the Test to Faflure approach Knowledge matrix, ok:
- Phase: (Prototype / DV / FV) yes yes
- Intention of the|tests \
- Number of DUT (o)
- Description of the tests {incl. used b Improvements
acceleration mofdels and factors) c\}" Product Redesign
- Assessment and|acceptance criteria A New Prototype
| Final Preduct / Process
Validatiop
N\
) First Prototype New Prototypes sop
> Prototype Phase > Design Validation > Produktion Validation >

FIGURE 23 - VALIDATION PLAN DEVELOPMENT FLOW
9.3.2 Robustness Validation Testing

The actual stress testing in the Robustness Validation Process extends from the Prototype Phase to the Design
Validation Phase and finally to the Production Validation Phase, and is done according to the Robustness Validation Plan
created during the concept phase as described in this section.

The important aim of Intelligent Testing is to be able to describe the robustness of the product by means of robustness
indicator figures and to verify the basic suitability of the product for use in a vehicle according to the defined mission life
profile over the vehicle lifetime.
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9.3.2.1  Prototype Phase Testing

To achieve these aims, testing during the Prototype Phase focuses on identifying potential weaknesses and on improving
the product maturity rapidly with respect to these potential weaknesses in short development cycles. Especially new
technologies, materials and (sub)-components should be tested in this early stage of development to see if these new
technologies, materials and parts provide special weaknesses for the complete product.

Potential weaknesses can be identified by stressing the product to failure, then analyzing the occurring failures and
improving the robustness towards the occurring failures. Since it is very important during the prototype phase to realize
fast improvements, the time for stressing the product until it fails is very limited. This is why highly accelerated stress
tests are to be used during the Prototype Phase either by strongly mcreasmg the stress level of a test e.g. the
temperature delta of-a

)imidity and vibration

failure mode being

increased stress le

causing the used gqolder materials to melt, or failure modes that :show real weaknesses of thg
deterioration and wegar out. A broad range of specialists should therefore be involved in the assessme

The reduction of tegt times by increasing the test stress levelprovides the ability to repeat tests
rapidly, thus allowing engineers to judge the effect of any madification quite fast.

The second method for identifying potential weaknesses of a product quickly is the use of compar
accelerated stress lgvels. With these comparative.tests, newer samples can be tested versus older 3
effectiveness of thelimprovements. Known good. products (e.g. from series production) can be test
new products. This lpelps to assess the relevahce of failures which have occurred. If the new produc
levels or earlier thap known good parts, improvements are usually necessary, especially if the fail
technologies or matgrials. On the other hand, if the new products tend to fail after the known good pa
new product is at legst as robust as the'existing one.

It should be noted tHat even with-successful comparative testing, the correlation between the stresse
highly increased stresses used\for highly accelerated testing is usually very poor. It is therefore u
order to make accurate statements regarding the automotive suitability of a product for field use or s
the robustness of a produet,that further tests need to be performed.

9.3.2.2

e knowledge matrix

since these highly

ion must be used on

eratures during test
product especially
nt of the failures.

vith modified DUT's

htive test with highly
amples showing the
bd and compared to
fails at lower stress
ire occurs with new
rts it is likely that the

5 in field use and the
sually necessary, in
tatements regarding

Design VdlidationTtesting

It is desirable to verify conformity to a customer specification on the one side and get end-of-life information within
reasonable periods of time on the other side, to achieve this it is a good practice to perform the tests during the Design
Validation Phase with stress level only moderately exceeding the DUT’s specification stress levels. Exceeding the
physical limits of a DUT must be avoided.

Design Validation Testing is generally performed at stress levels at or only very moderately exceeding the specification of
a product, so it is possible to find a test-field correlation by the suitable acceleration models. Since the robustness limits of
a product can only be determined based on the test time that is necessary to cause the DUT to fail, all tests during the
Design Validation Phase shall be performed as test-to-failure tests.

For the Robustness Validation Approach, the tests during the Design Validation Phase are most important, since the
results of these tests are the basis for the calculation of the wear related Robustness Indicator Figures (RIF).


https://saenorm.com/api/?name=22c3d51249bf9f947ed23b20dafea2fc

SAE J1211 Revised APR2009 Page 63 of 126

9.3.2.3 Production Validation Testing

The aim of the Production Validation Testing is to validate the product produced with series equipment according to the
customer specification and the agreed Mission Profile. Since all weaknesses in the design of the product should have
been found and resolved during the Prototype Phase and the Design Validation Phase, the Product Validation Tests are
expected to be successfully performed on first run.

Successful Production Validation Tests rule out unexpected systemic failures, failures caused by late design changes
(that should be avoided anyway) and production related failures. To avoid the risk of generating failures without field
relevance, all test conditions should be within the design limit specification of the product. This limits the possibilities to
accelerate the necessary test times according to the used acceleration models and may jeopardize the time schedule. If

necessary, the vehicmmmmwmuﬂdmwamwmﬁ—releasing a product
(for example after 15% or 85% of the Product Validation Tests has been performed without preblems) based on an

agreed risk assessn

After successfully completing the Production Validation Testing the suitability of the prodlct-for aut

and the desired rob
production can then

The supplier needs
can then be assesse
9.3.2.4  Statistical

The increasing num

ent.
ustness levels are generally confirmed. Statistical information from production
be used to validate results on a statistically significant basis.

o alert the vehicle manufacturer if the full production validation can not be comy
d using the robustness validation results.

\Validation of Robustness Assessment Results

ber of test samples available during production~ramp-up allows a statistical an

bmotive applications
ramp-up and series

leted. The PV risks

alysis of the critical

parameters found ddring the Robustness Assessments performediduring development. This data caf be used to validate

the Robustness resy
For example ICT or

9.4 Retention of R

Besides the product
during Design and
accounted for in the
monitoring of identifi
for further details

In the event that th
according to this Rq
necessity for re-vali
according to the Rok

Its from all development tests on a statistical basis as the final step of the Intellig
EOL Test results. See Section 10.

obustness during the Production Rhase

independent process validation results, the results from all product-specific robu
Product Validation should be considered to ensure that all identified critical
production control plan and may be monitored by statistical process control (SP(
bd critical parametersiof end-of-line data should be analyzed for drifts and anoma

ere are product and/or process design changes a re-validation should be def
bustness™Validation process. In addition, a review should be performed annua
Hation, activities. If a re-validation is found to be necessary, the revalidation s
ustness Validation Process defined in this handbook.

ent Testing process.

stness assessments
parameters will be
L). In addition, 100%
lies. See Section 10

ined and performed
lly to determine the
hould be completed

et oo ~F th latallicaent-Tactin T B

Table 5 summarize

Po-N2N Loy o H2H o Deo QRMOERIR—D aditianal-a
SUMCRCy attmoUtC S~ UT tC T temygcTrit rocotygT TOCTSS veTSusSa rradraorar apprt

ach. The Intelligent

Testing process has the potential in many programs to save validation cost-time while also being more effective at finding
real issues in a time frame that allows sufficient reaction time. For example in some cases 50% reduction in test costs has
been achieved. However, the most significant savings have been achieved in terms of total lifecycle costs (warranty
costs, engineering redesign costs, liability risk etc.) through the use of the intelligent testing process versus the traditional
approach in which these future costs are avoided.
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TABLE 5 - GOALS COMPARISON OF TRADITIONAL VS. INTELLIGENT TESTING

ttem | Description | raditional Process | ntelligent Testing Process

1

Approach Cookbook Tailored test plan utilizing historical data, analysis
and development testing to focus on potential
product weaknesses and changes.

Surrogate Data  Varies Maximize to reduce non value testing.

Cost, Test Time  Expensive, Long

Minimal

Potential to reduce by 50% or more.

More effective. Aimed at contemporary issues
Focused on what is unknown.

Effectiveness

10

10. MANUFACTURING PROCESS ROBUSTNESS|AND ITS EVALUATION

10.1 Purpose and §

Manufacturing procg
development phase
necessary to have g
manufacturing which

Outlined in this secti
or estimated manufg
evaluation and to ¢

Test for Success  Majority of tests Some but also generates varable data

(test to failure or measuring degradation).

Sample Size Large Smaller, reduced facilities with the focuSan’' what’
needed to verify the unknown.

Monitaring Limited Continuous monitaring
(allowed by smaller sample size)

Test Artificial loads, Sub-system with realistictbads and interfaces

Configuration  minimal interfaces (allowed by reduced <ample size).

Example: Reducethvell times on thermal oycling/
shock. Measure\DUT board temp and set dwells to
stabilizatiol+5 minutes. Use surrogate data to orf
run theAest required to verify the unknown.

Time
Compression
where Possible

Not applied
sufficiently

EMC Testing Done separately at

room temp.

Supglemented by more realistic Conducted Immur
testing in Development Stage. Reference SAE 1264

bcope

ss robustness is needed to ensure that the work done to establish robustness d
5 of a product lifeeycle is not eroded by the processes used to manufactu
knowledge and understanding of how, when and the significance of the issues t
will reduceoraffect the robustness of a product related to the mission profile or

pn is a'method to evaluate the degree of robustness or lack of robustness that cg
cturing/process. Defined and outlined is a matrix (CPI Matrix) to capture in a syj

¥

ty

Lring the design and
e the product. It is
hat can occur during
ts’ intended use.

n exists with a given
stematic manner this

efierate a Knowledge matrix for manufacturing processes from incoming m4g

terial transport and
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10.2 EEM Manufacturing Process

There are many combinations of manufacturing processes that can be used for different products. Outlined in Figure 24 is
a typical manufacturing process for a typical EEM, for demonstration purposes, the users of RV will need to adapt the
examples used here to their own particular product manufacturing processes.

Current typical EEM’s are manufactured with a double-sided reflow process, with solder paste printing, component
placement and solder reflow followed by some back end processes to complete the product for components that cannot
be assembled with standard Surface Mount Technologies (SMT).

The following example shows one p033|ble manufacturmg process flow to demonstrate how complex it can get and to
give some backgroupdfo )entioned testers are

also just for examplq.

PCE: Printed {ircuit Board ICT: Incircuit Test
SMD: Suface Mounted Device FCT: Functional Test
AOI: Automat|c Optical Inspection SFDC: Shop Floor Data Collection System

PTH: Pin Thropgh-hole
SMT - Line Cohcept (Top and bottom side) o \'\‘V

‘ |

PCB Laser Screen
Desigantor Printer %r

PTH
| | |
\}
PCB PTH a1 Selective
— B e
«O
Box Build ‘ C)\\v bel
. o
@ : Applicator
Box D .

B ]

3
W

N
})smc S khipment
Database BOXes g

FIGURE 24 - TYPICAL EEM MANUFACTURING PROCESS

Please note that there may be new or additional product or process requirements not included in this example that must
be considered, like conformal coating or sealing which may need to have some specific or special attention. Generally,
there is no standard process — there is just standard equipment or tools which need to be setup in a manner which
supports the Zero Defect Strategy [21].

Please note that special care is needed in the use of the ICT as they can sometimes have a negative impact on the EEM.
This means that before a particular tester or equipment is used, all the positive aspects (e.g. test coverage increase) have
to be balanced against the negative ones (e.g. electrical overstress, mechanical damage).
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As you can imagine there are many possible combinations and interactions between the manufacturing processes used
to manufacture a product the product design and the components used in a product. A typical manufacturing process is
made up of many sub processes, each with their own variations and interactions. The intent here is to evaluate the
interactions and noise variations caused by different material lots, equipment status, etc to ensure that the manufacturing
windows can be as wide as possible. This will assure the minimum amount of Robustness erosion by getting the
manufacturing process right the first time and to keep it sustainable over the product lifetime.

The following example in Table 7 shows one case where these interactions are demonstrated
EXAMPLE: reflow soldering / component interaction

Demonstrates:

— flux influence
— component influence
— solder joint influenfe

Critical Zone

/" I tods
|, Ramp-down

-t 5 e | d
g TSmax d b !L-,-. -;! /7
N 2 | [ _________________
e _— |
% I |
= TSmin I I
| I
__i_'__________________T!___ I
) ts Preheat - I
I
I
I
I
25 | >
R t 25°C to Peak |
Time

FIGURE 25 - TYPICAL SOLDER REFLOW PROFILE

Figure 25 shows a typical reflow soldering profile and the JEDEC J-STD-020 MSL classification profile which defines the
border lines between user application (manufacturing) and qualification at the component manufacturer. The
manufacturing process has to stay within the grey border profile as recommended by the component manufacturers or
paste providers.
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The red line shows an arbitrary profile with the following potential failure modes:

a. Ramp up too fast = Risk for thermal stress cracks in components

b. Ramp up to a too high soak level: = Risk for premature exhaustion of solder flux = poor solder joint

c. Too high peak temperature / too long time at peak =_Risk for delamination, cracks, pop corning, and other thermal
overload damage

d. Ramp down too fast = Risk for solder joint voids or weak solder joints.

In this section we ough

10.3 Robust Proce

Process:

A Process is any ref
This may also includ
defined input and ou

Robust Process:

A robust process is
any of the robustnes
noise factors and va

ss Definition

eatable activity within an organization with the target of supporting ra specified
e internal and external services and locations as well as Iogistic?%sd packaging.

product or service.
It must havea

tput as well as a defined flow. <N
)
O
A process or sub-process which does not negatively éﬁt the parameters of its|output or consumes
s of its inputs. This requires processes which kee&@e r parameters inside the getup limits under all
[ying conditions. N
QO
(7
Command
3¢
xO
Tatgét Value
&
- Loop
\Y

Controller

Actuating
Variable

Environment

Acthial Value

Exchange variable Measured

ETREL (S

Noise

FIGURE 26 - CONTROLLED PROCESS

The Typical EEM manufacturing process in Figure 26 contains many control loops. The target is to optimize for each

individual parameter

the control deviation and to look always for a negative control.
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The next challenge is to look also to all interactions or interrelations between the different process steps to optimize and
assure that stable negative feedback loops are in place not only individually for each sub process but for the whole
manufacturing system.

To get an understanding of the complexity involved a simple example can explain the case:

e A component is placed on a PCB and should be soldered with a reflow oven. The data sheet of the component
specifies the basic soldering conditions, such as maximum temperatures, max temperature ramp up and down rates,
maximum time and so on. As long as the reflow profile is within the specified component limits, a process is called
robust against this specific material condition. If however the process parameters drift up to the component
specification limits or if they exceed the specification, the process may negatively affect the component by damaging
it.

It should be easy to[stay within the component specification limits. However but taking into conSiderdtion that there is not
only one componenf on the board and there are also other influences like solderability or wettability of the component and
the recommended profile of the solder paste to comply with respect, the unidirectional” pictur¢ becomes a multi-
dimensional one and as a consequence the process parameters have to respect all of the component specifications of all
of the components used.
L
Peak Temperature << o
400 QQ
N\
N
\,\Q Mission Profile
200 S
N\ Gomponent 1
Relative Hum|dity A‘\\ Placement Force
Jomponent 2
0o O
.o (Jomponent 3
N\
()\
. Jomponent 4
N
( o Jomponent 5
C' 4
»
Copla % NacCl Equivalent
/
HIGURE 27 - EXAMPLE ROBUSTNESS FOR COMPONENT CHARACTERISTICB

Figure 27 shows the comparison of all mission profiles to the basic mission profile of the EEM. All areas where no blue
space is seen are potentially critical.
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10.4 Process Interactions

There can be an almost infinite number of interactions between all the variables in a complete manufacturing process.
However in this section we consider the main interactions between components and process this can be characterized by
a matrix of four quadrants as shown in Figure.

e Materials on Materials Q1-1
e Materials on Process Q2-1

e Process On process Q2-2

e Processon Matlrials Q1-2

In this section we will focus on the quadrant Process to Material Q2-1 to demonstrate the concept.

Material Prpcess
Component Process Interaction Matrix Subgiobps subgroups
Attributes Attributes
Material Subgroups Attributes (Ql-l Q1-2
Process Subgroups Attributes Q2-1 Q2-2

FIGURE 28 - COMPONENT PROCESS INTERACTION MATRIX
10.5 Component Process Interaction Matrix

The Component Prgcess Interaction Matrix is a-tool which allows the evaluation of critical attribute interactions, the CPI —
Matrix (Component + Process — Interaction — Matrix).

e CPI Matrix is a| four quadrant matrix which shows interactions between Components and Processes in different
directions.

e This section shows two directions with the focus on Process = Material

e The basic concgpt is t0.combine methods like QFD (Quality Function Deployment), FMEA (Failure Mode and Effects
Analysis) and DIFM/DFT (Design for Manufacturability and Testability) and to use the results in a direct synergy.

Extended use and scope of the matrix result

o Define and get acknowledged potential random failures as a combination between the matrix factors and
characteristics.

o Evaluate potential individual risks which are latent or intermittent restricted to certain failure modes.

e To localize these failure modes and to ultimately transfer them into the knowledge matrix.
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The following sections show how to create it and to use it with a general scope and finally how to transfer the structure to
individual projects.
a. Matrix Template Structure

The matrix structure is as shown in Figure 28 used in the example CPI Matrix and is derived from the QFD (Quality
Function Deployment) matrix.

The matrix design includes 4 quadrants with the basic direction from rows to columns. These are marked in different
colors, as shown above. In general it can be used to evaluate relationships in all directions. The focus is from MATERIAL
source to Material and Process or from PROCESS source to Material and Process - but both are also possible together.

As a minimum eval

ation-it is also pnccihln to-use. j||cf one quar’lrnnf of-the four hy QI\A/nye rnepnr\fing the row — column

directions.

In total the matrix c4§
numbers. The origi
http://www.sae.org/s

n generate more than 60.000 direct and individual attribute relations which are
hal file with an example of the working group can be downloaded-from f
tandardsdev/robustnessvalidation/km.htm as well as a working file for i

assessment and th
Evaluation but are a
matrix from their pro
b. Basic Use

The example CPI m

single attributes (the

possible to setup a f

The use and the st
construct an efficien
before the FMEA an

The focus of the m
Knowledge Matrix i
the failure mode and
c. Result Expectati
The final output of tf

this Pareto type of p
of the attributes. Thi

For the critical attrib
in the matrix. By app

b mentioned numbers are only examples and can be used_.as.the basis fo

h example evaluation only. It is the responsibility of the user offRV to generate ar
duct and process experiences.

atrix must be modified to the RV users needs. Itiis.possible to add individual gr
existing file is just a proposal based on the\eurrent knowledge and experig
roject or product related scope and to evaluate’all the interactions for the EEMs

fucture are not directly comparable tosthe FMEA or similar tools but the outp)
FMEA. Due to the fact that the CPI Matrix goes down to the detailed attributes it
H used also as a living document,

btrix is mostly on the randemi./hon systematic failures. The systematic ones a

assigned by ranking
he SAE website at
hdividual use. The
r starting your own
d evaluate their CPI

pups, sub groups or
nce). This makes it
nder consideration.

ut could be used to
should be evaluated

e considered in the

Section 7 but the aim is totransfer as much as possible over time from rando

ons

e CPI Matrix will show the detailed interactions of the individual parameters in a
resentationithe user will see the most significant interactions or relationships acc

Jtes rt is recommended to go more mto detall and assess further sub attributes n

5 will allow him to assess the relative risk of not meeting the robustness requiremé

to systematic once

root cause becomes defined. This is strongly supporting a Zero Defect approach.

ranked format. With
prding to his ranking
nts.

ot already contained

#ical interactions and

therefore supporting the ellmlnatlon of the any remalnrng random / non systematrc farlure rrsks This learning curve will
then allow a transfer of random / non systematic failure modes to the systematic root cause which can then be added to
the Knowledge matrix.

10.5.1 CPI Matrix Development

As we are considering Process and material interactions to start the development of the matrix we should consider the
main process steps and components which are involved in the EEM under Consideration. A typical but non exhaustive list
could be as follows in this section. The RV user must generate their own lists and they form the rows and columns of the
matrix.
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The process for CPIl Matrix creation is

1. Generate a list of process steps

2. Define the significant attributes for each process step
3. Generate a list of Components

4. Define the significant attributes for each Component

5. Assign Attribute Weight Factors for each Attribute defined in steps 2 and 4

6. Assign level of irLteraction factors for each attribute defined in steps 2 and 4
7. Create pareto of|interaction factors and determine actions

10.5.1.1 Typical Main Process Steps (process categories)

1. Component logi

component
specification
component
component
PCB / comp

2. Front-end Asser

solder paste
glue printing
component

reflow solde

3. Backend Assem

manual assd
press fit

wave solder
selective so
depanelisati
final assemt

tics

jesign qualification

of the different components
ncoming quality

itting / setup

bnent handling

hbly
printing

blacement
fing

bly

mbly

ng
dering
bNn

ly

4. Testing

e Automatic Optical Inspection, Automatic X-ray Inspection, In Circuit Test, Burn in, Run in, Boundary Scan, Flying

probe

5. Maintenance

e Actual and preventive taken together

6. EEM Logistics

e Packing, Packaging and shipping / transport


https://saenorm.com/api/?name=22c3d51249bf9f947ed23b20dafea2fc

SAE

J1211 Revised APR2009

Page 72 of 126

10.5.1.2 Process S

tep Attributes

For each process step identified in 10.5.1.1 above a sub-list of the significant thermal, electrical, chemical and mechanical
attributes that impact the robustness of the final product should be generated from the following sources:

1.

2.

3. Risk analysis

4. Knowledge matr
5. Process perforn]
6. Industry standar
7. Internal monitori

An example of a pr
printing is shown in |

Field data (product performance)

FMEA (design, product, process)

xdata-base b‘
ance data Q)Q
QQ
s (]/
g _ ,\'\ /
hg and screening q/

N
pcess step attribute list relating to the attributes influenci §r1vironmental fact
[able 6: Q

Solder paste m

Printing type
Stencil type (Laj

Stencil thickness

Cleaning cycle
PCB support
Printing shape

TABLE 6 - PROCESS STEP ATTRIBUTES - S@D R PASTE PRINTING

ors for solder paste

echanic! | lectrical

X

Hole filling (pin

Pad overprinting

Stencil use time
Paste use time

Pump cleaning

onmental parameters X Q X
emperature) A\@
terial xO X
O
N X
er cut, Electro Fog\mc& X
b O X
O
& -
& X
%Emh X
X
X
X X
X X
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10.5.1.3 Typical Component Contents

a. Main component groups

Passive

Active
Interconnection
Electro mechanical
Housing
Consumables

b. Component subfgroups

e Passive
e Active
e Hermetig
¢ Non Hefmetic
e Electro mechanical
e Interconnecfion

e PCB

e Cables

e Connecfors
e Housing

e Plastics

e Metal

10.5.1.4 Component Attributes

For each componert group in section 10.5.1.3 a sub:list of the significant thermal, electrical, chem
attributes that impact the robustness of the final product, should be generated from the following sour

1. Component Data sheet
2. PPAP
3. Component quegtionnaires

4. FMEA (design, groduct, process)

5. Risk analysis

ical and mechanical
bes:

6. Knowledge matrix / data base
7. Process performance data
8. Industry standards

9. Monitoring and screening
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An example of a process step attribute list relating to the attribute’s influencing environmental factor for a printed circuit
board (PCB) as a component is shown in Table 7.

TABLE 7 - COMPONENT ATTRIBUTES - PCB

S 77 TP e T

PCB surface finish

Substrate material X X
Solder mask X X
Warpage X qu‘
Pad design xq/QQ X
Through hole plating N4 X
Contamination X g\{\q/ X X
Delamination and track open & o X X
Via outgasing X \QQ X
N
Wetability X @‘\\\’ X X X
Solderability X $’\.\0 X X X
Etc. R\4
xO
10.5.1.5 Template pf Full Matrix (4 quadrants maglzé
Material Prpcess
Componegnt Prucesscl)(ﬁ%ractmn Matrix Subgroups subgroups
Q‘® Attributes Atfributes
Material oups Attributes _
Process ?gﬂbgroups Attributes X

FIGURE 29 - COMPONENT PROCESS INTERACTION MATRIX EXAMPLE

The Component Process Interaction Matrix (CPIM) shows the interaction between each main group (e.g. Process =
Material). The target is to see the correlation between each individual attribute and how it impacts the robustness of the
product. Emphasis can be put over all or special quadrants or upon request on a specific quadrant(s).

For example, one possible focus may be the process and how the process attributes impacts the material attributes
(given BOM - Bill of Material / AVL — Approved Vendor List).Following the “Zero Defect Strategy” and being able to have
an early involvement in the design phase, the reverse direction should also be evaluated.
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10.5.1.6 Attribute Weight Factors (Importance indicators)
To enable the generation of a pareto a linear weighting of
1 — Low importance

2 — Medium importance

3 — High importance

(Other weighting models are possible) is given to each attribute

The example CPI Matrix has weight factors assigned by experience consensus. This should be modified or adjusted and
should be a|igned with-the-individual process. of each R\  user. The nvnmpln \Alnighfingc are-intended.as guide"nes_

10.5.1.7 Level of Altribute Interaction

To enable the generption of a pareto a linear weighted ranking of
0 — No interaction
1 — Low interaction
2 — Medium interactipn
3 — High interaction

— A special value to pxpress individual concerns (this should only be used’for special cases — not for @ regular weighting)

(Other weighting models are possible) is given to each attribute. “Special values to express indivjdual concerns (3.1)
should only be used|for special cases and not for a regular weighting.

In the example CPIl|matrix, the rating is assigned by experience and consensus of the working grqup. This should be
individually modifieq or adjusted and should to be aligned with the individual process of each liser. The example
weightings are intenfled as guidelines.

This methodology is|similar to the FMEA (RPN) prec¢edure.
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10.5.2 CPI Matrix Assessment of Interactions

TA
Tabw -.:nm:e-:n_-l:— | et paeedie mcy batws e oo \I
e meopy b on 1 gy e e % 3
CPI-Matrix TR P15 |6 P8
g | g [[BE (8] B ElE|4 |4
R __Sort | THHHHE 1|3 | B
Sort copy row S8z 2] |8 8% |88
- (5] @ 5] = =
El&|&|[d|d|d|8)8|B|g[g|8s]|38
=
3 2 5
# B ll= o : = £
Requirements Ranking: U to 3 E STEIE € o =2 (]l é& s | 3
s - [ = E] s
R BERRR\ gl & |3
B L RN HHE AR
HEIEE NI IR S 4k IR AR IR IR
s la | @ |ae|ls |2 J l/av i |B[|3|a] 2 |8
Weighting factor (1-3) JUN ¥V
Process A post refiow Camera resoiuSon (1] (1] (1] a 0 (1] (1] 0 0 [1] [1] [1]
Process A past redlow Camesa ange 0 o ol @ i) 0 ol o 0 0 ] 0
Process Companen! placanjent @ulomatic) plasement faros ] 0 o 0 2 0 (1] ] ] 1] ] ]
Process Componen! placanent (aulomalic) companent size | weght 0 0 0 1] 0 0 (1] 0 0 (1] 1} 0
e e e OhN/071 O}l O O] O] 0O 0 of 0 0 0
e T Warpage g o of 3|/of of o Zb§| of of o o
Procsss PCE/ Companant fanding ESD - comp-hand = [1] [1] (1] ] (1] (1] (1] 0 ] (1] (1] (1]
P o Rellow saldering (dormsectional o en) Temperature profle in general \U 1] 2 el Y] 1 0 1 2 1] 0 1] 3
|
Procsss Fafiow zaldering {dprmeactional coean) farmperature mmprales (1] 1 1 l ] 2 (1] (1] 0 ] (1] (1] 1
Process Rellow saldering (dormsectional o en) malder halls 1] 0 0 I\ 1] 0 0 0 0 3 b 1} 0
Process Sdder pasie printigg deaning cyde i) 0 0 ‘l 1] 0 0 0 0 1] 0 1} 0
Process | V-soaing Wesoom degih o 0] 0 \2 o) o] o] 2 of 0 0 0

C

FIGURE 30,- LEVEL OF INTERACTION WARPAGE

For each intersectiof of the matrix the-level of interaction needs to be assessed using the criteria defifed in 10.5.1.7

For example using Higure 30

Functional Test — W
because the bendin
components.

10.6 CPI Matrix Calculations

rpage«=. Substrate (mechanical stability) passive component is evaluated with g 3 (High Interaction)
j stress of the Functional Tester has a high impact on the Substrate (mechanica

stability) of passive

To enable the sorting and prioritizing of the interactions the weighting and interaction levels are used to create an
assessment number similar to the FMEA RPN number

a. Row calculation
The row sums of all attribute interactions multiplied with the weighting factors show the over all importance of the
component or process to all other selected characteristics or attributes.

b. Sorting
The sorting of the line sums show the importance of the individual process or component importance.
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C.

The example include

Selections

To mark some attributes as specials it is possible to give them the value “3.1”. This ensures that they will be always

on the top of the sorted list.

The most important attributes are can be specialized by applying e.g. the 80/20 rule. Individual parameter setting is

possible.

View direction definition (e.g. effect of process on components)
One quadrant shows always just one direction of interaction. It is important not to mentally switch between the

relationship directions during the assessment of the individual values

Rule application (e.g-80/20)

For the application of the Pareto rule the accumulated sums of all line sums will be calculated,
(accumulated sym of line sums) will be multiplied with the rule factor (in this guideline equal 1

relation to the bgsic sum then shows the Pareto limit.

The file also allows an individual ranking by entering other ratios.

The reference value
o0 0.80 = 80%). The

o b e W [ ol e Py W Y
all precemses
€ B0 Oy Pow S be eoluns

- 2 |2 |1

= i prese "nert bumon toace aee. seacil | amrib tes [P .
CPI-Matix g Bt e Sul ey <D g& gg gg 2
Date: H007-xfe-200 Q ] g E g ] g g g g g
2r|2zi2z|| =| =] | 2
| Sort | copy row | \Q HEEHHEIRIE

\ n §,

¥ A

o= 2 = 2 2
. . £ s| & a
Requirements Ranking: 0 to 3 =2 HE AR AR R
= 2| 3| 2 gES| £ é
S s 3 ie| % Slesl % i
2 $ 8 1 5| 2| 3[E3] 8| g
2 2| & H3) R| 2|E2] E| 5| &

\9 - i
Weighting factor (1-3) &5 X
Sub group A ¥

Campaneni (PCB surface fnish - PCB q 81 B q i} 3 0 1 0 0 1
Component | Aclve companeenis (non-hadmeic) ooplananity (packige warpagel Aonh 3 12.3 ] 1 ol 31 fi] i) fi] fi] fi]
Procass Refiow solderijg (comedional oven) Temperakse pealie in general 9 24.0 24 0 0 3 0 3 0 0 2
Camponen] | Consumaties Sdderpashk ¥ Cons o 8.0 10 0 0 sl o/l ol ol ol o
Camponeni | Acive compangnis {non-harmelic) Safdeabiifly- Aenh K] 0.0 a0 fi] fi] 0 fi] fi] fi] fi] fi]
Camponeni | Consumabiies Flux faleral - Cans 2 10.0 40 0 i} 3 0 i} 0 0 2
Campanent | PCE e 3 9.0 49 | 0 o] 2| ol o] o o] 1

FIGURE 31 - 80/20 RULE RESULTS

s-only selected attribute rankings and is just for demonstration.

The application of the 80 / 20 Pareto rule shows in Figure 31 that 80% of the total impact of attributes is caused by:

Special: PCB
e Surface Finish

Special: Active Components
e Co planarity

Reflow soldering
e Temperature profile
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The matrix needs to be read from Row to column.

Sum of scores in horizontal lines:
Is an indication of “How does these row attributes effect column attributes” -> The higher the score, the bigger the effect
of the specific attributes.

Sum of scores in columns:
Is an indicator of “How this specific attribute is affected by all row attributes “-> the higher score is, the bigger this attribute
will be affected.

This score is basically just for information and not automatically calculated within the matrix.

Examples of high, medium and low impact attributes are shown Figure 32.

a. High Impact:
Sub group Attribute q\ T

Component |PCE surface finish - PCE ‘? 4.0 4 0
Component | Active compopients {non-hemetic) coplananty (package warpage) Acnh D 3 123 o 1 0l 3.1
Process Refiow soldefng (convecfional oven) Temperature profile in genera 3 18.0 14 0
b. Medium and|low Impacts:
Component | Consumableg Solder paste - Cons 2 6.0 24 0 0 3
Component (A ctive compofients {non-hemetic) Soiderabiity- Acnh 3 00 24 0 0 0
Component | Consumatied Fhux material - Cond 2 6.0 3 0 0 3
Component (PCB pad design - BER 3 6.0 34 0 0 2
Process | Refiow soiderjng (convectional oven) tempersyilit S yamp rates 3 6.0 4] 1] ] 2
Component |Passve comgonents Teminafion - PC 2 0.0 4] 1] 0 0
Process Refiow sobdefng {convecfonal oven ) el balls 2 0.0 4] 1] 0 0
Process  [FCT Warpage 3 0.0 43 0 ol 0
Process -scoring -score depth 2 00 44 0 0 0
Process  |FCT Contact force 3 3.0 44 0 o) o
Component |Passve comgonents Substrate (mechanical stability) -PC 1 00 45 0 0 0
Component |Active compofents (non-hanmistic) Moisture senativity- Acnh 3 00 45 0 0 0
Component |Passive comgonents Wetabidity - PC 2 0.0 49 1] 0 0
Process | Compaonent plaginst (sutomatic) placement forcs 1 0.0 44 1] 0 0
Component (PCB N i 4 SR = 0 of 0
Process Solder paste prinfing cleaning cycle 1 00 45 0 0 0
Process AQI post redow Camera regolution 1 00 45 0 0 0
Process  |AOI postrefow Camera angle 3 0.0 45 1] ] 0
Process Component placement (sutomatic) component size [ weight 2 00 45 0 0 ]
Component (Connectors termination material (conad resistance) - C 2 00 45 0 0 0
Component | Conmeciors plastic matenal - C 2 00 45 0 0 0
Component (Connectors retenfion force - C 1 00 45 0 0 0
Process PCE / Component handing ESD - comp-hand 1 0.0 45 1] 0 0

FIGURE 32 - EXAMPLE ATTRIBUTES LISTED BY DEGRESS OF IMPACT

Note that the examples are just for demonstration. Even the lower impact characteristics may have high impacts if the
point of view will be changed or if there are other dependencies.
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See more examples on how to use the CPI Matrix in the Examples Section A.7

10.7 Robustness Indicator to Describe the Process Robustness

The robustness indicators as described in Section 11 should distinguish between functional and process related factors.
The focus of the functional related ones is on the specified function within the required conditions or mission profile. The
focus of the process related ones is related to the applied parameters by the processes in combination with the design
and the components used to manufacture the product.

In general it is usual to express the process related factors by the general capability of equipment (machines) with the

Cm, Cmk factors and the process itself W|th the Cp, Cpk factors —see ISO 21747 [5] for a more detailed explanation. The

relationship of each
still that the mon|t0r|
case that the data t
step is potentially to
values to verify the
monitoring of these
value and also the s
to get the best robus

To ensure that all p
worst case samples
component.

A worst case sample
close to the specifi
component manufag

b generate these values are often not precise enough or trimmed to get the-req
do tester verification using “Golden Samples” with a smaller characteristic windo
stability and therefore the capability of the tester. An advanced method-would
tharacteristics using all tested products. This would increase the statistical basis
tandard deviation variation. The result then needs immediate feedback to the manufacturing process
tness result.

ptential risks and robustness erosion possibilities are covered it is also importg
of components are used in certain process capabilityymeasurements rather than

is a component which is still within the specified\imits but has special significan
cation limits (see Figure 33). Potentially .these samples have to be especia
turer (e.g. co planarity on QFP).

st and disadvantage is

cticed. It is also the
juired values. A first
v for defined special
be the use of online
or the mean stability

nt and required that
the normal average

characteristics at or
lly prepared by the

05 ~ using Average samples it is consider¢d that the
\O values are around the mean value (Bptween Lower
N Control and upper control LIMIT. To have the full
0.4 .\':S’ range it is necessary to get the comppnents WITH
: @) SOME special characteristics at the dpecified limit.
o (lower and / or upper spec. limit).
@ 03 C
a Q
2 o3
S 02 b\
& ((/V‘
0.1
0
-6 -4 -2 0 2 4 6 «— zValue

T

Lower Spec Limit

Lower Control Limit

Upper Control Limit

f

Upper Spec Limit

FIGURE 33 - WORST CASE SAMPLES
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This new approach is a little bit different to the hitherto applied method in that firstly the influencing factor relationships are
analyzed individually and secondly the most important factors have to be added to a continuous screening program.

By respecting this new approach it is possible to see the whole chain of tolerances and therefore the relationship of each
influencing factor to all others. Beginning with the design related specific characteristics which are mandatory to be
observed the next step is the combination of these with the material and the processes. This can be done also by using
the CPI-Matrix. Therefore the weighting factors have to be set accordingly as high.

Depending on the influence (negative or positive) the tolerance calculation should then be done for the worst case. If the
evaluation still shows robustness against the process on the limits it can be assured to have a higher robustness by
during serial production over the full range of values.

These details allow Ja very accurate analysis of each influencing factor and make it easier to decide'which of them have to
be added to monitorjng or screening.

By doing this screening and applying the standard capability rules it becomes possible to get-critical factors under control
or show at least per ptep the individual capabilities.

For some situations the general capability calculation may not be detailed enough. Therefore it is recdmmended to go one
step deeper and start with the DPMO (defects per million opportunities) calculatian.sThis method will give a more accurate
picture by looking info individual characteristics and by doing certain benchmarks whether on machipe capabilities or on
design / component | process combinations.

This monitoring allows the creation of more and long term data and:pinpoints the potential optimizations regarding the
short and mid term dapability studies.

The monitoring can be done with regular tools, such as:
e XbarR

e Multi Vari chart
e Box plot

e SPC

Process Robustness Indicator.Example:

Monitoring of ICT Rgsult for.the-following Ramp up Characteristics

Sleep current of EEIYI =>\Parametric test on module level

Sleep current of one component = Parametric on component level

Switch on / Switch off characteristics = Characterization
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0.5

Varying values related ta_the current ramp up rate,
could be continuously-measurg¢d and logged.

By monitoring the individual vglue, the distribution
0.4 shows the functional related rgbustness of the
component characteristic.

%“ 0.3 The picture shows one possible distribution.
s A continuous monitoring of the| values allows the
=] . .
> user to keep this factor under feview and to see any
= potetial influnence to the expeg¢ted life time of the
= 02 component or finally of the EEM.
o .
&
0.1
f
" -4 2 0 2 4 6

FIGURE 34 - EXAMPLE PROCESS INDICATOR
10.8 Extended Useland Scope.6f the Matrix Result

By using the matrix|and fhaving at least statistically relevant data it may become possible that evaluated random / non
systematic failures gan ke transferred to the companies’ Knowledge Matrix. This individual knowlefilge matrix becomes
more and more accurate over time and use By transferring the failure mode / root cause to the systematic knowledge
matrix it should become a universal property of the organization to be used in a lessons learned process beginning from
design to processing to shipping.

10.9 Preventive Actions and Side Benefits

The previous pages describe how to assess, evaluate and generate data for non systematic failures on EEM level. It
includes and focus’s mostly on the manufacturing processes by taking into consideration how much robustness is
consumed by the manufacturing of the EEM. This focus is the new concept, because in the past the robustness was
mainly evaluated on the EEM level or on the components.

By using the CPI matrix in combination with the design phase activities the loop is now closed. This means that now
beginning with Design which delivers the special characteristics, to the components which deliver an individual
robustness according to the data sheet or specification, to the process which is described in this section the EEM will
deliver the requested over all robustness.
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The most effective preventive action is to get a design and components which allows the use of standard manufacturing
equipment and the application of regular characteristics and equipment parameters. This can only be done if there is a
direct relation between mission profile, product design, material, process design and manufacturing.

As side benefits the monitoring in parallel of the defined characteristics and parameters in serial production allows one to
see already some small non conformities in advance. This allows a timely feedback to all involved parties whether just for
acknowledgement or for reaction.

11. ROBUSTNESS INDICATOR FIGURE (RIF)

11.1 Meaning and Need for a Robustness Indicator

5s of an EEM is measured, is it possible to express the robustness in clear _figl
different suppliers. Otherwise, robustness would just be a diffuse definition;-In
ith the P-Diagram in Figure 35.

res and to compare
general, robustness

Only if the robustne
different designs or
can be understood W

Noise Factors

Signal Factors Response

Control Factors

FIGURE"35 - ROBUSTNESS P-DIAGRAM

Noise factors for aut
temperature. Furthe
into account.

Because Robustnes|

omotive products are represented by typical (environmental) stress factors like
'more, noises during the production (noises in soldering process or testing proc

5 is defined/to be the difference between the limits of the design or the product an

ibration, humidity or
bsses) can be taken

d the mission profile

or the specification requireément, this difference shall be used to generate the RIF.

11.2 RIF Diagram

To visualize and report on the Robustness Figures a collection of RIF’s can be represented by a Spider diagram with the
Parameters being measured on each axis and with the Missions profile and Actual EEM Performance for the parameter
plotted on the relevant axis. The points for the mission profiles from each axis can then be joined to represent the mission
profile for the parameter set (the Red area) and the EEM measured performance point of the axis’ can be joined to
visualize the actual EEM performance for the set of parameters (Blue Area) See Figure 36 and Figure 37.

The RIF Diagram uses a Radar, Spider or Kiviat Diagram, This chart is available in MS Excel however MS Excel allows
only a single scale for the all the axes, other diagramming tools are available as well as add-ins for Excel which allow
difference scales for each axis.
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FIGURE 36 - RIF PLOT FOR CARQB ITY TESTS
(Scale Linear, With Dimensikqbe.g.: °C,V)

FIGURE 37 - RIF PLOT FOR DURABILITY TEST
(Scale Linear, Related to Specified Test Time of Each Stress Test, Without Dimension,
Calculated According to Acceleration Models)
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FIG
An example for fun
Figure 38.
Note that the Scale i
11.3 Instructions fo

The RIF can be ca
Humidity, Processesd

It is not useful to ger

|culated fo

IF PLOT FOR DIFFERENT FUNCTIC
A Dut Under One Defined Em&?bnmental Stress E.G. Temperature

O
ctions of an Infotainment Se{e’}n radio, phone, CD/DVD, MP3, TV, Blueto

o

‘Function 4 does not even cover the Mission Profile, the

URE 38 - ALTERNATIVE / ADDITION

5 arbitrary, and becau

' Generating a R@O

.

@y category / every (reliability) influence factor such as Vibratio
or Intelligent Testing.

era?%’RlF for "soft factors" like "communication".

NS

pth etc is shown in

DUT is not robust!

n, Thermal Cycling,

If test data (e.g. fron
calculate the RIF

1 vipbration test) are used 10 generate a , then the 1irs wnich talls In the

est shall be taken to

In the determination of RIF, statistical considerations are not included. The DUTs used for testing shall be regarded as to
be built with stable and controlled processes. Therefore, it is NOT necessary to test a statistical number of DUTs (e.g. 30)
to determine the RIF. If test data (e.g.: Vibration test) are used to generate a RIF, then typically one, two or three DUTs

shall be tested.

Some examples of the most important RIFs are shown in this guideline. To add additional, product-specific RIFs, the
calculation can be done according to the "General instruction for generating a RIF" as follows:
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A RIF shall be determined for

Capability testing / functional limits

Durability testing / destruction limit

It is important to note that in some cases, the SW of a DUT protects the HW in severe conditions by shutting off the DUT
or parts / functions of the DUT. Therefore, such a SW-Function can influence or affect the determination of the RIF.

RIF-Plot:For better visualization, the single RIFs can be shown in a RIF-Plot or different RIF-Plots (see RIF Figure 36,
Figure 37 and Figure 38.

11.4 Generation of
11.4.1 RIF for Durg
Durability testing mq
capability to meet 3
maximum temperatu
11.4.1.1 RIF arr fo

For situations wher
temperature, etc.). It

with:

Ea: Activation En

RIF
bility Testing
ans the ability of a DUT to meet a defined requirement with consideration of du

requirement during the whole specified lifetime. For example, if a DUT is
re for 1500 h but a failure occurs at 1250 h, then the robustness is not sufficient

Durability Testing with the Arrhenius-Model

b the Arrhenius model can be applied (e.g., high<temperature tests, lifetime
is necessary to compare different temperature conditions. The formula is:

(EAATH)

Mg=¢€

ergy [eV] (eV: Electron Volt) (example: 0.44 eV)

TF: Temperaturg Factor

TF=1/k-[(1/
with:
k: Boltzmann (

T1: First temper|
T2: Second tem

T1) - (1/72)]

onstant
ature
berature

EXAMPLE: Calculation of RIF srr

Max. temperature aq

cording to the specification: 85 °C (358 K)

Test temperature (m
Required Test time (
Failure at accelerate
TF=11604.8 K/ eV
TF=0.88

oderate accelerated conditions): 95 °C (368 K)
at 85 °C) according to the specification: 1500 h
d condition (95 °C) occurs: 1963 h

-[(1/358 K)—(1/368K)]

then:
Tg= (EA-TF)
Mg=e (0.44 eV - 0.88)
g = 1.47

RIF arr = 1963 h - 11 5/ 1500 h =1.93

ability items e.g. the
required to work at

tests with constant

(Ea. 1)
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11.4.1.2 RIF CM for Durability Testing with the Coffin-Manson-Model
For situations where the Coffin-Manson model can be applied (e.g.: temperature cycling / temperature shock tests)

N /Ny = (AT, / (AT) (Eq. 2)
with:

N+:  Number of temperature cycles until defect at stress level according to specification
N,:  Number of temperature cycles until defect at stress level in accelerated test
AT,: Temperature stroke at stress level according to specification
AT,: Temperature-stroke-at-stressleveln-accelerated-tes
k:  Material copstant
Qb‘

NOTE: k is dependgnt on the materials. It shall be determined in fundamental tests dependi n thg technology, used in

the DUT. Sege Table 8 below for guidelines. q,

N
TABLE B - LOW CYCLE THERMAL FATIGUE COFFIN-MANSON MODELEXPONENT k (Eq. 2)

I\

Low Cycle Thermal Fatigue Coffin-Manson Model Exponent

Component Type Structural Comptgx Complex Electronic
{g?trunic with with Lead Free Solder
“téad Based Solder
@
k Range 3 - 257 N 2-3? 2-3%
Typical Recommended Value for k K] A‘\Q 2.5 2.65%
xO use Ngrris Landzberg
\\C\){‘ for temperatures
. O > 100pC
Table Notes: @
1) For structural materiald based upon fatigue ﬂ@ distributions from rotating beam specimen data.
2) Based upon time equi%lence for observed thermal fatigue related failure modes
3) It is recommended to use Coffin-Mans, y up to 100 °C max. temperature on solder joint.
NOTE: There is exgeriment idence that the Norris-Landzberg model is more accurate as it inclydes effect of rate of
change and |dwelktime factors.
It should be applied, i@m erature level in the solder joint could achieve temperatures >100 °C.

Norris-Landzberg model:
N; = (AT)“ - t* .explk, / T| (Eq. 3)
with:
t: Duration time at high temperature
T: Upper temperature level
Factors for typical lead free eutectic solder SnAgCu

k1=0.6,k2=0.4,k3=4.238.

Reference: H. Ehrhard, R. Becker, Th. Rupp, J.Wolff: Mission Profile and the reliability of lead free control units, VDI
Report No 2000, 2007
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EXAMPLE: Calculation of RIF ¢y

Temperature stroke
Temperature stroke
Required number of

according to the specification: AT, =-40 °C/ +70 °C (110 K)
according accelerated conditions: AT, =—40 °C / +90 °C (130 K)
cycles according to the specification: N3 = 200

Failure at accelerated condition occurs: N, = 325

K=2
N1 =Nz (AT / (ATy)
N =325 (130 K) 2/
N; = 454

RlFCM = N1 / N3
RlFCM =454 /200
RlFCM =2.27

11.4.1.3 RIF_aw for
The Lawson Mode

acceleration factor
Lawson-Model can &

where:

At/ RH Combine

A Acceleral
Arn  Accelera
b Constant
Ea Activatior
k Boltzman
T Absolute
Rui Relative

NOTE: Generally,
since both

The total test duratid

where:

i

k
(110 K) )

Durability Testing

is used for the humidity enhanced corrosion failure mechanism, Lawson
Hue to the combined effects of high temperature and relative 'humidity. In 3
e applied (e.g.: High-Humidity-High-Temperature (HHHT-Tests), luse the followin

1 1

&,

Ea

” N+ bIURH? - (RH2)?]

AtrRH =At —Arn =€

[

H acceleration factor of the Lawson Model considering temperature (T) and relativ
ion factor due to temperature
ion factor due to relative humidity
(b=5.57 x10™")
energy (EA=0.4 eV)
n constant (k=8.617 x 10”° eV [ K)
Kelvin temperature [K]: i=1 fof.test condition, and i=2 for field conditions
humidity [%];i=1 for test condition, and i=2 for field condition

e values for the activation energies used in the Lawson Model and the Arrhenius
odels describe completely different failure mechanisms.

n for HHHT test is calculated by:

t HHHT = thon op.time / AT/ RH

Model defines the
ituations where the
g equation:

(Eq. 4)

e humidity (RH)

Model are different,

(Eq. 5)

tHHHT Testd

uration required for HHHT test

thon op.ime NON Operating Time during service life in field (see mission profile)

At /RH Comb

ined acceleration factor of the Lawson model according
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EXAMPLE: Calculation of RIFq4T

For an EEM located in the under-hood compartment and having a Service Life in Field of 10 years, the RIFyqmy is
calculated as shown below:

e A component is mounted outside the passenger cabin or trunk.

e The average temperature during Non Operating Time is defined in the mission profile to be T2=23 °C / 296 K and the
average relative humidity is RH2=65% (example, according to mission profile).

e Test conditions for HHTH-test are T1=85 °C / 358 K and RH1=85%

e Application of Uawson’s-equation with these values results in a combined acceleration-factqr of the Lawson of
At/RH =804.

e From the Missign Profile, the components Non-Operating Time during 10 years Service Life in| Field is Tnon op.time =
79600 h.

e The DUT in the accelerated test (T1=85 °C / 358 K and RH{=85%) shows a failure after 1200 h.

then:
RIF aw = 1200 h - A¢/rr  T<iioh op time (Eqg. 6)
RlFLAW = 4=
11.4.1.4 RIF for Vibpration-Testing
(30/31):(T1/T0)1/M (Eq. 7)

with:

ap = Power spedtral density or sinusoidal acceleration (g peak) until defect at stress level accordirlg to specification
as = Power spedtral density or sinusoidal acceleration (g peak) until defect at accelerated stress Igvel

T4. = Time until défect at stress level;according to specification
T,. - Time until dgfect at stress level at accelerated test

1/ M: Material cpnstant
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For the Value of M please see Table 9 below:

Please note this table shows typical value to be used, the RV users should review their application of RV and determine
the best value of M to use in their own circumstances and document the value used.

TABLE 9 - VIBRATION DAMAGE EQUIVALENCE EQUATION EXPONENT M (Eq. 7)

_ Vibration Damage Equivalence Equation Exponent

Vibration Type Sine Complex Random Random Random  Random
Periodic
Hardware Type All All Simple Simple Co x  Complex
Structures Structures Qé@ctr nic Electronic
Peak G Peak G RMS G PSD (l/ RMS G PSD

Gz.-"Hi[:\ G?/ Hz

5to 20" 5-207 5 to 20" 2‘5\150 10" 4to1p? 2to6.67

Typical Most Conservative 8 8 QQII 4 2
Recommended Value for \\Q
M % ©
Z
&

Table Notes see ref [6] arjd [7]

1) For structural materiald based upon fatigue failure distributions from rot ing'beam specimen data with damping consideratiops.
2) Based upon time equ%lence for observed vibration related failure mo

3) Stress concentrations @and high application stresses reduce the usab range of M.

4) Failure mode correlatigns should dictate the M value chosen. 6

.\1:
O\\Q

Acceleration according Specification: ag= 2:79 G rus
Acceleration according accelerated condition: a; = 3.81 G rus
Required Duration afcording Specifi :Tr,=24h

Failure at accelerated condition o@s: T=14h

M=4.0 (Electronlc Roard) Q~

To=T4 /(30/31)
To=14h/(2.79 g/ 3.81 %‘{5
To=48.7h

RlFV|B = To / T2
RIFyg =48.7 h/24
RlFV|B =2.03

EXAMPLE: Calculation of RIFyg

11.4.1.5 RIF in Case of Step-Stress Testing

11.4.1.5.1 Vibration Step Stress Testing

If a Vibration step-stress test is applied: then to determine the limits of the design/the DUT, the test condition
(gRMS-level) is increased in steps (e.g.: one hour each step, 3 dB increase each step) until the first fatigue failure
appears. This facilitates reaching the limits of the design in a short test time. In this case, the Miner accumulation rule for
fatigue damage can be applied.

Miner accumulation rule for fatigue damage:

Every Damage D 1 = ny;N4, D » = ny; N, is accumulated to the total stress for the DUT.
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with:

n4: Number of load cycles OR duration of test at stress level 1
N+. Number of load cycles OR duration of test till fatigue damage

Total Damage D ot

=ZDi=n1/N1+n2/N2+...+nn/Nn

Therefore, if a vibration step-stress test was performed, the formula in 11.4.1.4 shall be applied in this way:

To=Ti1/ (201 / as1) M
aon : Acceleration levels at the different steps of the vibration-step test
T4n: Duration at the different steps of the vibration-step test

aopq ...
Tiq

+T11 /(a2 / @r2) M +T13/ (a3 / @13) Mal+ Tin/ (aon/ @1n) M

then:

RIF =Ty / T, (see 3.
11.4.1.5.2 Humidity
If a humidity step-
(temperature) is ing

appears. This facilitg

In this case, Miner’s
art).

Miner’s accumulatio
Every Damage D 4 F
With:
t1: Duration at humid
T,. Duration when hy

Total Damage D iotal

NOTE: further exan
humidity tes

11.4.2 RIF for Capability Testing

4)

-Step-Stress-Testing
btress  test is applied, then to determine the limits of the rdesign/the DUT]
reased in steps (e.g.: 10 K each step, 12 h each step) antil the first failure

tes reaching the design limits in a short test time.

accumulation rule for damage also can be applied (bote: that this is a new apprg

h rule for damage:

ni/ N1, D> =n,/ Ny is accumulated to the total stress for the DUT.

ity level 1
midity-caused failure occurs
=ZDi=t1/T1+t2/T2+

nples of calculations’/are not given here, because to apply the miner-rule for
is a new appreach and not state of the art.

Capability testing m¢

items. For example,
protection. For exa

the test condition
caused by humidity

ach, not State of the

damage for a step-

ans_the ability / capability of a DUT to meet a defined requirement without consi
he capablllty to meet a reqwrement concermng over voltage max. Or min. oper

deration of durability
ting temperature, IP

¢ determined at what

min. temperature the operatlon is accordlng to specmcatlon If a failure occurs at —35 °C, then the robustness is not

sufficient.

In capability testing, the durability aspect is not included. The durability / time influence is considered in the section

"Durability Testing".

EXAMPLE: Calculat

ion of RIF

Min operating voltage according Specification: Uin2=9V
Failure due to too low voltage in test occurs at: U1 = 8.05V

RIF = Unin 2/ Unint
RIF =9V /8.05V
RIF=1.12
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11.4.3 RIF for Processes
11.4.3.1 Manufacturing Processes/ Equipment related

A DUT needs a defined number of manufacturing processes (component placing, soldering reflow, soldering SMD, ICT,
final test...).

e The required CpK value shall be mutually agreed before.

e For each of the processes, a CpK-value shall be determined according to the methods described in the Section 10.

o The RIF Processes for a single process is the Cpk-value for this process. b‘
EXAMPLE: The required Cpk for an in-circuit test to be robust was mutually agreed to be 2.0.QO.)

— The real Cpk was fetermined to be Cpk = 1.44 (1/

— Then the RIF In cifcuit test = 1.44 / 2.0 = 0.72 (and therefore not sufficient) ,\'\ /

Example ranges of RIF figures for other manufacturing processes can be seen ir;\!;%ure 39.
®)

Cpk=2
|

|
Soldenng |

Rafiow :

: 'Solden’ng SMD|

Componeni I
Placemeit |

ICT | |
|

|

Final Test
oy

1.44 2.0 2.33

, if the CpK is higher than the agreed value.=> robust!
, if the CpK is lower than the agreed value. => Not robust!

U
§9IGURE 39 - RIF PLOT FOR PROCESSES:

11.4.3.2  Monitoring Prqé{(dses, (Function Related)

9

o A DUT has characteristic functional values (key parameters) which shall be monitored with a monitoring process.

e For each type of DUT, the key parameters shall be determined according to the methods described in Section 10.
e These key parameters shall be monitored in the production line.
e These key parameters shall be shown as additional CpK-value.
e The monitoring parameters shall be visualized in a plot analogous to Figure 39. (Only the variables are different.)

¢ The monitoring parameters shall be ranked according to the "importance number" of this parameter in the FMEA.
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EXAMPLE:

The key parame

the FMEA.
The importance

The required Cp

ter for the monitoring of an EEM was determined to be the slew rate of a signal.

number for this signal in the FMEA was determined to be 6.

K for this slew rate was mutually agreed to be 1.67.

Because this key parameter has significant influence to the robustness of this product, it shall be evaluated in detail in

The real CpK fo
Then the RIFq,

For the compari
shall be conside

12. NOTES

12.1 Marginal Indic
A change bar (1) loc
not editorial change

title indicates a com
original publications

PREPARED BY 7

this slew rate was determined to CpK = 1.83.
barameter slew rate = 1.83/1.67 = 1.10.

son of this RIF-number with other RIF-numbers of this product, thé."importance
Fed.

a

bted in the left margin is for the convenience of the user in locating areas where
b, have been made to the previous issue of this document. An (R) symbol to the
plete revision of the document, including technical revisions. Change bars and
nor in documents that contain editorial changes only.

[HE SAE AUTOMOTIVE ELECTRONIC SYSTEMS RELIABILITY STANDARDS
OF THE SAE ELECTRONC SYSTEMS COMMITTEE

value" of the FMEA

technical revisions,
left of the document
(R) are not used in

SUBCOMMITTEE
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APPENDIX A - SECTION EXAMPLES

AA MISSION PROFILE EXAMPLE 1: DOOR MODULE

This example deals with a Standard EEM that is the controlling part of door systems. It connects to the car’s power

supply, to CAN-Bus and some actuators and sensors and is not necessarily complete.

Application Profile

The significant mechanical, climatic and chemical influences which impact on the component during its service life are

summarized in the following application profile.

A1.1 Door Modlile Service Life

Service life in the field 10 years

Mileage over th: service life 400.000 km N

EEM on time 8.000 hours ‘\{\q’

EEM off time (non operating time) 79.600 houts O
A1.2 Mounting [ocation of the Component \Q

g p s\&

Inside the door, assembled on mechanical carrier

A.1.3  Environméntal Loads A‘\Q
xO
O
>
>
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A.1.3.1 Climatic Stress (Temperature/Humidity)

Olus e ahGes S Temperature profile Temperature Distribution
vehicle (Ambient temperature - 40°C 6%
(EEM on time) of the component at the »30¢ 65%
mounting location) ¥ 60°C 20%
80°C 8%
85°C 1%
Humidity 3 Ralative humidity up to 10004
Condensation and icing QV
Installed in the Temperature Minimum temperature: -40°C QO-)
vehicle without Maximum temperature: +85°C (],Q
operation Typical temperature: +23°C ,\'\ /
(EEM non Humidity Relative humidity up to 100 %g’
operating time) Condensation and icing 6\

Mean 60% relative h ity ¥
Average temperaturQ +23°C

N
Transportation Temperature Minimum temp@lre: -50°C
Maximum t&g@@rature: +95°C
Transportation time Max. 24 his. Uninterrupted at minimum tempefature
Max.iﬁzﬁrs. Uninterrupted at maximum tempefature
Temperature Mh&'lum temperature: -10°C
%&Eximum temperature: +55°C
Storage time . 5 years
Humidity ®) Max. 85% relative humidity
Long-term storage Temperatu&@ Minimum temperature: -10°C
for after-series Q‘ Maximum temperature: +40°C
supply ¢ Storingqime 15 years
1dity Max. 80% relative humidity
Temperature e Gt-temperatureoyctes over Hoyea
changes Temperature delta Average: 34 K®

Remarks:

1) The temperature profile contains the assumed field load distribution world-wide (arctic- and hot climate). This distribution represents an envelope
over typical use-cases.

2) TVehicle Mounting Location Ambient

3) Indoor

4) Assumption similar to

5) Necessary storage time in the dealer’s garage and additional in the center of distribution

6) Necessary storage time in the dealer’s garage and additional in the center of distribution

7) In principle, every little temperature change experienced by the component during its Field Service Life in Years contributes to its total thermo-
mechanical stress. Despite this fact, only two large thermal cycles per day (for passenger cars) are usually sufficient to determine cumulative effect
of thermo-mechanical stresses experienced by an E/E-component. Based on this assumption, the total Number of Temperature Cycles during
Service Life in Field can be calculated by using a simple formula given below:
Number of Temperature Cycles during Service Life in Field = 2 * 365 * Service Life in Field

8) Typical average temperature deltas based on field studies and engineering experience.
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A.1.3.2 Dust / Water

Water Water drips (15° inclination)

Dust: small particles, fine powder

A.1.3.3 Chemical Stress/Resistance to Media

IGLINENEIRTTUEL I Salt fog atmosphere

Gaseous pollutants dustriz mate (H35, NO,, T, 503)

534
A1.3.4 Mechanjcal Stress Q
P
Vibration Random excitation See b kﬁ /
Acceleration Mechanical shock Aq{s’lﬁratiun up to 300 m/s*®

Mechanical shock endurance .000 shocks drivdr door

U
Y

A135  Randon] Vibration §

Power spectral density (PSD) [(m/s?)*/Hz]

Vibration profile | Frequency [Hz]

Random vibration 3 A.\@ 0.884
10 <O 20.0
55 OF 6.5
N
180 O 0.25
300 Q- 0.25
360 (O 0.14
1000 <1 0.14
20(@Q‘ 0.14
@ acceleration 30.8 m/s?

Remarks: Accelerated teqt @ition, worst case field scenario envelope curve

A.1.3.6 Transport/Storage/Crash/Assembly

Acceleration Mechanical shock
(single events) Drop (free fall 1 m)

A1.3.7 ESD

OEM-Standards or 1SO or IEC
(worst case field scenario)

Up to +25 KV...ESD
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A14 Relevant Functional Loads

Mechanical Load under

Nominal Operation
M\ Humidity and Detergenzia
Foi\ ~ CarWash
M\ Mechanical Train / Ship / Plane Transport
Window Regulptor R Assembl}f!Mamtenance b‘
Ay

Alrport Parking

Takidrivel:

Blpcking —~ /
Highspeed ~ Openingfclosing door
N\ /

Anti Pitch

N
~ Short Dls;{mz

c 'y ] Usage .
mergency keverse Profiles |~ Stop B&o\ Window|up down

Calibrgtion Run

M in Pass

Pressure, Pulsing Of
Hydraulics Y,

X
\K\Sﬁailer Pulling

\\(\Q\ Loaded Roof Carrier
\_ldling withACon  Windoy up and down

we . .
Radiation Playing Children

Emission

Power Supply @
O3 QQ
Window up/dlown Q‘®

Angry pdrson
shutting [door

- Misuse

Mirrdr Movement,
Window Opening

#ot€ycles | Electrical N
Y Duration ]

EMC %
PWM-Level

Standby

@— Current Consumption ~

FIGURE A1 - TREE ANALYSIS FUNCTIONAL LOADS DOOR MODULE

Note, that this assessment indicates relevant functional loads for a virtual product. Please check the relevance in detail for
your design and application.

- Red: additional relevant load
Grey: load not relevant
- Bubble: Comment
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A.2 MISSION PROFILE EXAMPLE 2: MECHATRONIC TRANSMISSION CONTROL MODULE

This example deals with a mechatronic that is the controlling part of an automatic transmission system. It connects only to
the car’'s power supply, to one CAN-Bus and to hydraulic lines of actuators. It contains hydraulic valves and an
RPM-sensor.

Application Profile

The significant mechanical, climatic and chemical influences which impact on the component during its service life are
summarized in the following application profile.

A.2A1 Transmissien-Servce-Life.

Qb‘
Service life in the field 15 years QO.)

Q
Mileage over th:2 service life 250.000 km™ \(/1/
EEM on time 6.000 hours '\q:\
EEM off time (non operating time) 125.400 hour%\\
Remarks:

1) The service life time of|the mechatronic is given by the mileage of the mechanical gearb@%ed by mechanical wear), whi¢h is 250 000 km.

A2.2 Mounting [ ocation of the Component \}\

%

Bottom of gearbox, surrounded by oil

The connector is part of the gearbox outline.

Remarks:
The mechatronic module tself is surrounded by oil (=chemical Is@, ut the connector has contact to the medium outside.

.\Q
A.2.3 Environmeéntal Loads C)\

-

Q
QO
&

O
D
5
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A.2.3.1 Climatic Stress (Temperature/Humidity)
LS ENEL R NG Temperature profile Temperature Distribution
vehicle (Ambient temperature - gp°C 20/,
(EEM on time) of the component at the »3ec 189/,
mounting location)® 100°C 70%
130°C 9%
140°C 1%
i iy 3 Dol ative humidite g o 1000
Condensation and icing Qb‘
Installed in the Temperature Minimum temperature: -40°C QQO’)
vehicle without Maximum temperature: 140°C )
operation Typical temperature: +23°C r\'\ 7/
(EEM non Humidity Relative humidity up to 100 .%;
operating time) Condensation and icing. O
Mean 65% relative I'éﬁdity"
Transportation Temperature Minimum temper. ge: -50°C

Transportation time

Storage® Temperature

Storage time
Humidity

Temperature

>

Q
Ko

Long-term storage
for after-series

supply ©

Temperature

&5 years

Maximum temﬁ@ture: +95°C

Max. 24 h ninterrupted at minimum tempgrature
Max. fl%@(s. Uninterrupted at maximum tempgrature

Minimum temperature: -10°C
\aximum temperature: +55°C

Max. 85% relative humidity
-10°C
+40°C

Minimum temperature:
Maximum temperature:

15 years
Max. 80% relative humidity

10950 temperature cycles over 15 years?”

changes

Temperature delta

Remarks:
1)
over typical use-cases.

Tvehicle Mounting Location Ambient: Oil temperature
Only connector concerned

Assumption similar to "

Average: 70 K¥

The temperature profile contains the assumed field load distribution world-wide (arctic- and hot climate). This distribution represents an envelope

Necessary storage time in the dealer’s garage and additional in the center of distribution
Necessary storage time in the dealer’s garage and additional in the center of distribution
In principle, every little temperature change experienced by the component during its Field Service Life in Years contributes to its total thermo-

mechanical stress. Despite this fact, only two large thermal cycles per day (for passenger cars) are usually sufficient to determine cumulative effect
of thermo-mechanical stresses experienced by an E/E-component. Based on this assumption, the total Number of Temperature Cycles during
Service Life in Field can be calculated by using a simple formula given below:

Number of Temperature Cycles during Service Life in Field =2 * 365 * Service Life in Field

8)

Typical average temperature deltas based on field studies and engineering experience.

Simplified estimation: 23 °C + 70 K = 93 °C; consistent to the temperature distribution maximum near 100 °C.
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A.2.3.2 Dust / Water

High-velocity water jet with increased pressure”
Temporary immersion in water ¥

Continuous submersion in water
(e.g. water crossing and boat release maneuver)

High-pressure steam-jet cleaning ¥

Particles Dust™ W
Remarks: 1) Load (simplified mission profile) QQQ
A23.3 Chemical Stress/Resistance to Media (19
N/
IV CTUENER LT - Mechatronics qu;@hnr
Gear oil @{t\fug atmospherg
(= permanent 15a) QQ
Cleaning agents §Q Differential lubricajnts, cold
@s\ cleaner, car wash spap fluid,
\g@ windshield washer,|engine oil,
X2 gasoline, engine cqolant, battery
\OA acid, engine cleangr
Gaseous pollutants AtmnspherK'@#de gear Industrial climate
. C) (H,5, NO,, Cl,, SO,)
>
N
&
X
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A.2.3.4 Mechanical Stress

A.2.3.5 Random and Sinusoidal Vibration

Frequency [Hz] Power spectral density (PSD) [(m/s?)*/Hz]

Random vibration @ 10.0

100 10.0

300 0.51
500 5.0

Vibration profile

2000 5.0 QQ\X
RMS acceleration 96.6 m/s? QQ
Vibration profile | Frequency [Hz] Amplitude of accaleration [m/s?]

q/
X
200 ao.g( O

400 Qﬁ

Remarks: Accelerated tegt condition, worst case field scenario envelope curve 0\\

R

\\QQ

Sinusoidal 100 30.0
vibration

.

A.2.3.6 Transpagrt/Storage/Crash/Assembly

Acceleration Mechanical sh(q@
(single events) Drop {fre%ﬁéﬁ 1m)
N

A237 ESD

OEM-Standards or ISO or IEC Q: to +25 KV...ESD
(worst case field scenario)
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