b e REEEEEE /e

Vo

0) 00! COFUUR

)

Y (Y it 33 | S
. R b -

| i b
T T AR b
JO]Q{)] : '::::uuuuuu: g
Y ! R b

,\W‘ﬂ”ﬂ&' ‘,v,v’r'. Phbh l

l“\ A B

Embedded Mechatronic Systems 2

Edited by
| Abdelkhalak El Hami
* Philippe Pougnet

Analysis of Failures, Modeling, Simulation
and Optimization

s . ———— P




Embedded
Mechatronic Systems

PReESS

Volume 2

Analysis of Failures, Modeling,
Simulation and Optimization

Edited by

Abdelkhalak El Hami
Philippe Pougnet




First published 2015 in Great Britain and the United States by ISTE Press Ltd and Elsevier Ltd

Apart from any fair dealing for the purposes of research or private study, or criticism or review, as
permitted under the Copyright, Designs and Patents Act 1988, this publication may only be reproduced,
stored or transmitted, in any form or by any means, with the prior permission in writing of the publishers,
or in the case of reprographic reproduction in accordance with the terms and licenses issued by the
CLA. Enquiries concerning reproduction outside these terms should be sent to the publishers at the
undermentioned address:

ISTE Press Ltd Elsevier Ltd

27-37 St George’s Road The Boulevard, Langford Lane
London SW19 4EU Kidlington, Oxford, OX5 1GB
UK UK

www.iste.co.uk www.elsevier.com

Notices

Knowledge and best practice in this field are constantly changing. As new research and experience
broaden our understanding, changes in research methods. professional practices, or medical treatment
may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and
using any information, methods, compounds, or experiments described herein. In using such information
or methods they should be mindful of their own safety and the safety of others, including parties for
whom they have a professional responsibility.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any
liability for any injury and/or damage to persons or property as a matter of products liability, negligence
or otherwise, or from any use or operation of any methods, products, instructions, or ideas contained in
the material herein.

For information on all our publications visit our website at http://store.elsevier.com/

MATLAB® is a trademark of The MathWorks, Inc. and is used with permission. The MathWorks does
not warrant the accuracy of the text or exercises in this book. This book’s use or discussion of
MATLAB®

MathWorks of a particular pedagogical approach or particular use of the MATLAB® software.

ANSYS, ANSYS Workbench, AUTODYN, CFX, FLUENT and any and all ANSYS, Inc. brand, product,
service and feature names, logos and slogans are registered trademarks or trademarks of ANSYS, Inc. or
its subsidiaries in the United States or other countries. All other brand, product, service and feature names
or trademarks are the property of their respective owners.

software or related products does not constitute endorsement or sponsorship by The

© ISTE Press Ltd 2015
The rights of Abdelkhalak E1 Hami and Philippe Pougnet to be identified as the author of this work have
been asserted by them in accordance with the Copyright. Designs and Patents Act 1988.

British Library Cataloguing-in-Publication Data

A CIP record for this book is available from th®British Library

Library of Congress Cataloging in Publication-Data

A catalog record for this book is available from the Library of Congress
ISBN 978-1-78548-014-0




Embedded Mechatronic Systems 2



e, 77258 BEPDFIE U7 Al : www. ertongbook. com



Preface

Electronics are increasingly used in controlled and embedded
mechanical systems. This leads to new mechatronics devices which
are lighter, smaller and use less energy. However, this mechatronics
approach which enables technological breakthroughs must take into
account sometimes contradictory constraints such as lead-time to
market and cost savings. Consequently, implementing a mechatronic
device and mastering its reliability are not always entirely
synchronized processes. For instance, this is the case of systems that
function in harsh environments or in operating conditions which cause
failures. Indeed, when the root causes of such defects are not
understood, they can be more difficult to control. This book answers
to these problems. It is intended for stakeholders in the field of
embedded mechatronics so that they can reduce the industrial and
financial risks linked to operational defects. This book presents a
method to develop mechatronics products where reliability is an
ongoing process starting in the initial product design stages. It is based
on understanding the failure mechanisms in mechatronic systems.
These failure mechanism are modeled to simulate the consequences,
and experiments are carried out to optimize the numerical approach.
The simulation helps to reduce the time required to anticipate the
causes of these failures. The experiments help to refine the models
which represent the systems studied.

This book is the result of collaborative research activities between
private (big, intermediate and small businesses) and public sector
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agents (universities and engineering schools). The orientations of
these research works were initiated by the Mechatronics Strategical
Branch of the Mov’eo competitive cluster (Domaine d’Action
Stratégique) to meet the need to have reliable mechatronics systems.

This book is directed at engineers and researchers working in the
mechatronics industry as well as at Masters or PhD students aiming to
specialize in  experimental investigations, in experimental
characterization of physical or chemical stresses, in failure analysis,
and in failure mechanism modeling to simulate the consequences of
causes of failure and wanting to use statistics to assess reliability.
These subjects match the needs of the mechatronics industry.

It is organized into two volumes. Volume | looks at trials and
multi-physical modeling of defects which show weaknesses in design
and the creation of meta-models for optimizing designs. Volume 2
presents the statistical approach for optimizing designs for reliability
and the experimental approach for characterizing the evolution of
mechatronic systems in operation.

Chapter 1 of this volume discusses a methodology for carrying out
highly accelerated life tests (HALT) in a humid environment. The
principle is to subject the device under test (DUT) to humid air. The
ability of the HALT chamber to vary the temperature while applying
vibrations enhances the penetration of humidity into the DUT,
especially in the case of a failure of water-tightness. Depending on the
temperature, this humidity may be in the form of steam or frost on
electronic circuit boards and highlight the weaknesses in the assembly
or interconnections and failure of water-tightness. Electromagnetic
disturbances are also sources of failures. Weaknesses in the design of
circuits and components are checked by ensuring the electromagnetic
compatibility (EMC) through a characterization of the disturbances
produced and the emissions before and after the highly accelerated
tests.

Chapter 2 describes how to conduct life tests on high-frequency
power transistors under operational conditions. The originality of this
test is to follow the performance of the component in an automated
way over thousands of hours while applying electric and thermal
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stresses. The test examines high power components in pulsing mode
and tracks deviations by in-situ static and dynamic electric
characterizations. The lifecycle results obtained for high-power
laterally diffused metal oxide semiconductor (LDMOS) transistors are
presented.

Chapter 3 presents the methodology for analyzing failures of
mechatronic systems. The advantages and disadvantages of different
techniques of opening the resin and ceramic casings are described as
well as the precautions to be used to preserve the operational and
structural integrity of the component. The technique of detecting and
locating defects by photon emission microscopy (PEM) is combined
with the optical-beam-induced resistance change (OBIRCH)
technique to guide the analysis and determine the cause of the failure.
Four case studies of failure analysis are presented: a defective IGBT-
power component after the test, a metal oxide semiconductor field
effect transistor (MOSFET) damaged by the electrical overvoltage
stress test, a GaN technology transistor damaged during reliability
testing and a LDMOS component damaged during life test. The
results of these analyses are presented, helping to identify the cause of
the defects (X-ray analysis, electrical analysis, optical microscopy
analysis, thermal analysis, photon emission analysis, transmission
electron microscopy analysis).

Chapter 4 examines the phenomenon of thermal transfer linked to
the dissipation of heat in a power module and its effects. During the
assembly of a mechatronic module, defects can appear in the form of
voids in the interconnection material (ICM). By trapping thermal
energy, these defects are transformed into potential sources of failure
in the module. The goal of this study is to determine the influence of
such imperfections on reliability by using the maximum temperature
parameters of the chip and the thermo-mechanical constraints at the
interfaces as indicators.

Chapter 5 describes modeling using the finite element method of
the behavior of electronic circuit boards which are stressed by
temperature cycles, vibrations and electric loads. The electric, thermal
and mechanical behavior of a mechatronic structure is presented.
Details of two types of coupling of physical phenomena are given.
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The first is strong coupling: it uses finite elements with all degrees of
freedom necessary for an electro-thermo-mechanical study. The
second is weak coupling: it consists of decoupling the three physical
phenomena, with a sequential calculation. This method is applied to
the electronic circuit board of an engine control unit and to a radar
power amplifier. Understanding the mechanical behavior of electric
circuit boards requires the modeling of several physical phenomena. A
multi-physical model is presented which takes into account the
interdependencies and interactions between various physical
phenomena: electric, thermal and vibratory.

In Chapter 6, several methods are proposed to optimize the
structure of mechatronic systems from a reliability point of view.
These methods use know-how and skills in deterministic and
stochastic modeling. The goal is to associate numerical modeling by
the finite element method describing the physical behavior of the
mechatronic system with a stochastic behavior model. The results of
numerical modeling are used to build a meta-model by surface
response. By using this meta-model, the level of control factors is
adjusted, the sensitivity of the mechatronic system to sources of
variability is reduced (noise factors) and the system’s response to its
target (objective) is determined.

Chapter 7 presents a method based on probabilistic approaches
allowing the optimization of the design of embedded mechatronic
systems taking into account uncertainties. These uncertainties are due
to unknown properties of the materials, the geometric dimensions and
the fluctuations of load. The deterministic optimization does not take
uncertainties into account and does not ensure a reliable design. The
rational process for optimizing embedded systems consists of
considering the spread of uncertainties in multi-physical behavior
(electrical, thermal, mechanical, etc.) by using a probabilistic model of
the variables of input parameters. The reliability optimization is an
approach which attempts to find the best design using a compromise
between reducing the objective function (cost, weight, etc.) and
ensuring reliability.

Chapter 8 presents a study of the reliability of a powerful
radiofrequency amplifier made of gallium nitride components for
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RADAR applications. The technology of the AlGaN/GaN high-
electron-mobility transistor (HEMT) is studied. In order to determine
the parameters which influence reliability, electric characterizations,
ageing tests and physical analysis are combined. The results show that
temperature is the most significant parameter determining ageing and
that the gate contact is the most sensitive element. A component
model integrating reliability from the design phase of the amplifiers is
presented.

The authors would like to thank DGCIS, CR Haute-Normandie,
CG 95, CG91, CG78, CRBN, CRIF, CA Cergy Pontoise, MOV’EO
and NAE for supporting the project AUDACE.
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