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OUTLINE

20" Century Manufacturing Outsourcing
Outlook 2015

Re-shoring: bring manufacturing back
What is needed!?

Quantification of Product Life Cycle Risks
cEDM Tool Box
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THE 20™ CENTURY MANUFACTURING OUTSOURCING

THETREND

Employment in OEMs
(selected years; x 1,000 persons)
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O Focus on the core business

US 2 Mexico

O Low cost electronics manufacturing by EMS:
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West - East Europe
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THE 20™ CENTURY MANUFACTURING OUTSOURCING
20 YEARS OF ELECTRONICS OUTSOURCING

The result
O Electronics is everywhere
O China:The world’s factory

O US-Europe: major decline in manufacturing activity and know-how ...
... that is needed for cost effective, qualitative product development

Highly complex and fragmented supply chain

Declining quality and reliability

Counterfeit: >10% of electronic components

Copyright = “The right to copy”

Slow response speed to customer driven changes.

A lot of hidden costs: non-quality, communication, engineering changes, design iterations,...
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Transport: cost, environment
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OUTLOOK 2015 - INDUSTRY
“THETIMES THEY ARE A-CHANGIN’ ™?

EPSLECTRONCS IV T

INFORMING, EMPOWERING & CONNECTING SUPPLY CHAIN DECISION MAKERS

Foxconn Is Coming to America: Has Offshoring Peaked?

Bolaji Ojo | January 28, 2014 | 1 Comment

Manufacturing Comes Back to United
States

Terry Costlow, IPC online editor September 2, 2013

Is Nearshoring Right for Your Product? vtz

As China matures, a host of factors could rebalance the geographical supply chain.

Is Reshoring A Viable Option?

@ Tue, 01/21/2014 - 9:58am

A NEW PARADIGM FOR DESIGN
THROUGH MANUFACTURE

Presented at IPC Apex 2012

‘ by Tia Nowack, Associate Editor, Industrial Maintenance & Plant Operation

More: http://reshoringmfg.com/
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HOW RESHORING DRIVES PROFITABILITY

This paper was originally published in the IPC APEX EXPO 2015 technical conference program.

Domestic Versus Offshore g ,crone:
PCB Manufacturing “Made in USA” €2013

The Trend Away From Offshore PCB Manufacturing

‘Raspberry Pi has shown
that with the right product
addressing a global market
European manufacturing not
only makes sense, but can
show a lead to the world.”

Must manufacturing leave Europe?

Electronic Engineering Times Europe Novemiper 2013

Why Printed Circuit Board Design
Matters to the Executive:

How PCBs Are a Strategic Asset for Cost Reduction and Faster Time-to-Market

February 2010

www.cedm.be
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OUTLOOK 2015 - GOVERNEMENT
“THETIMES THEY ARE A-CHANGIN’ ?
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& info@reshorenow.org

©EPRS Briefing
European Parliamentary
Research Service 21/03/2014
Reshoring of EU manufacturing
_JEDM
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DRIVERS FOR RE-SHORING

Industry
O Rising total landed cost

O Increasing labour cost

China: +10%/y (‘00-’05) +19%/y (‘06-’10)
O Increasing transport costs: oil x3 since ‘00
O Cost of (larger) inventory

Product quality
Intellectual Property
Ease of doing business

Proximity to customers

O O O O O

Mitigate supply risk

Ref: EPRS-study — Reshoring of EU manufacturing —21/03/2014
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Main production location reasons
Labor
57%
Product 41%
qual
Eaﬁfufdung 299
business
Proximity to
customer 28%
Source: Graebel paper 2012

Governements

©)
©)
O
©)

Jobs: | manufacturing job + 2.5 support
Higher pay than service sector
More R&D -> innovation, IP

More export, less import
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MOST LIKELY PRODUCTSTO BE RE-SHORED

O Expensive to transport:
ex. Heavy machinery

O “Dynamic” goods subject to frequent
changes in consumer demand and short
product life-cycles

O Products where safety concerns are
important

Not everything will come back!

© imec

imec

Manufacturing sourcing strategy decision driver

ctuing coxt 510% [
manufacturing cost i 10% e
procuctauaty 20 [ R
Protection of intellectual 3%
property
Supply chain/operational risk (5% 42% “
Scalability and capacity _
ramp-up time 14% 38% 48%
Capital investment and
fixed-cost structure | 1% 48%
Responsiveness to local _
customer/markets needs L < il
Tim.e to market (i.e., ability to 20% 43%
rapidly supply local markets)
Regulatory regime 33% 53% 14%

No or minor importance

Data source: Supply Chain Optimization Study, Hackett Group, 2012.

Important [l Very important

8 www.cedm.be
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WHAT IS NEEDED?

Product: Trustworthy PREDICTION of all
o Dynamical Product Life Cycle aspects

o High value (without costly, long duration prototyping & testing)
O Quality .

o Safety - reliable Design-for-eXcellence

Manufacturing, Reliability, Logistics, Cost,...
Challenge:
In the US — and in parts of Europe — there is difficulty in finding suitably skilled labour,

reflecting the education system and a loss of specific manufacturing know-how, which
has passed to new countries.
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WHAT IS NEEDED?

PRODUCT LIFE CYCLE & SUPPLY CHAIN

Electronic
Assembly
realisation

Qualification
OEM-ODM-Testlab

.

Product concept

OEM

v

Product design
OEM-ODM

v

Physical design
OEM-ODM-

Design house

Components

PCB

v

Materials

L[
v

Manufacturing
OEM-ODM-EMS

v

Packaging

v

&

imec © imec

Distribution
OEM-ODM-EMS

v

Customer

Status

O Many players.

O International.

O Very complex.

O Fragmented responsibility.
O Little academic support

and education
(esp. at master level)

Consequence

O Poor electronic product
specification.

O Poor control of product and
supply chain quality and
performance.

O Development of design

guidelines has stopped.

www.cedm.be
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WHAT IS NEEDED?
SCIENTIFIC/ACADEMIC SUPPORT

Academic Science based
support , Mmethod

Science based W"
OEM
method
y =

-ODM
v
| Physical design |

alifkatinn

O

= v
g " ) Customer

Experience-based industrial approach

.égi Etectronic-Design, & Manufacturing
» rmi_ng | oem-oDM-EMS J

imec © imec I

Insufficient scientific basis and
possibilities for education :

* PCB/PBA technology
Substrate manufacturing
Electronics assembly
* Test coverage
Failure-mechanisms
Design-for-X
Reliability tests
* etc.

to handle challenges of
complexity, quality and
reliability
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WHAT IS NEEDED

O From experience to science based product development and manufacturing

O |IC realisation as a source of inspiration:
Each realisation element of an IC has a EA ‘sibling’.

IC realisation

e Materials
semiconductors, metals, insulators, interfaces

e Process-steps

e Production-flow
IC process flow

e Test and analysis
e Design - layout - TAD

e Reliability

oxidation, implantation, deposition, lithography,...

EA realisation

e Materials
polymers, metals, solder, interfaces

e Process-steps
lamination, drilling, plating, lithography, printing,
assembly, soldering,...

e Production-flow
substrate b lv, a
e Test and ar S _
6%5

mbly flow

J\ : <=
( facturing <S&BS

e Design - |
¢ Reliability

imec © imec
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CEDM MISSION

cEDM | <cEDM |
community | expertise ;‘|
To support industry Collective
. . Funded |  Output ‘;‘
in the development and manufacturing of ~Research |
. . . . \ roje 7
high quality, reliable and cost-effective N A

electronic modules (PBA)

|r‘f Industrial ..l‘l"‘l
\ Services
by means of N /

knowledge creation and sharing,
scientifically sound methodologies, @
collaboration throughout the

electronic supply chain. Better electronics at reduced cost through

science based design & production methodologies
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THE CEDM COMMUNITY

il S
d u- ;.i ectors
N BARE CONNECT GROUP
. \\\//Z\\\\ ASML INTEGRATED SUBCONTRACTORS
Visibly yours

EIG aqQc ICo w1

. O EH ANDERS
DIR Soluti UL I S Lenoers L Anaede.
a0 Ed a8 MAKE m;
e Desion

| pagers (,)) PsiControl e
EP 1l'.8|eCtI"Dn|C8J6 mechatronics mechatronics and ICT

ON Semiconductor”

i
E

MANUFACTURING COMPETENCE CENTER

o P ‘B , =
\:SiTI’iS U‘ !;.p h: vmm&nr%

«C euv cuppliers

* Supply Chain

imec © imec

Founding Partners

. N,
g imec <« sirris

cEDM cEDM
Partners Members \

cEDM Community

> |30 companies & organizations

SPM(DK) Nevat EMS
Associated (NL) /
Members Members
"IEDM
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QUANTIFIED ASSESSMENT OF PLC RISKS

imec
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Product Life Cycle of electronics

Development
Concept || Design Protot\":,‘.\Ca'ﬁl\o‘\..ncation
X\

Manufacturing Q\)’A‘\_

Industriali- \0356 —auction C_EDN
acl Guidelines

Uigge® &

Opcration | | Maintenance Tools

End-of-Life

Decommissioning

Reuse — Recycle —Waste

15 www.cedm.be
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QUANTIFIED ASSESSMENT OF PLC RISKS

Development: critical aspects

O Engineering cost
. Physics of failure based approach
O Time-to-market e

O Prototyping iterations:

1
¥
1
. . R i Physics of failure Qualified
I Iln” | IIZG. ! re based Parts-Materials-Processes
H ! DR rules ' :
. 1 1 1 1

O Redesign : : ! : i
i i———--b| Concept‘ | Design | Prototype Production Operation
: : [
1 1
1 1
1
1
1
1

I‘Ight fl rst tlme Technology Life:ime
-~ qualificat.ion -------- - simulation | —
O Qualification failures preparation

Maximize: PREDICTABILITY
Design-for-X guidelines & tools:

Manufacturing, test, reliability/robustness, logistics

imec © imec 16 www.cedm.be

Description of
operating conditions
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QUANTIFIED ASSESSMENT OF PLC RISKS Pre_d'X

Manufacturing: critical aspects

1
O COSt i Physics of failure Qualified
! r based Parts-Materials-Processes
! H DfR rules T T
O Volume ramp-up i i ! !
1 1
. : i———--t| Concept ‘ | Design | ‘ Prototype ‘ ‘ Production ‘ | Operation |
O Delivery performance i , ' 1 |
I 1
1
1 ¥ ¥
M M M 1| Technology .. . .
MaXImIZG Y|e|d i -~ N .Llfetlrr?e M o Des::rlptlon of
. simulation operating conditions
preparation |

Minimize labour
Minimize Work-in-Progress (test & repair)

Design-for-Manufacturing, Test, Cost, Logistics,...
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QUANTIFIED ASSESSMENT OF PLC RISKS Pred-X

Use: critical aspects ey st
Quality :
Reliability
Performance
Availability

Sujuorsiwwodsq

{ USE PERIOD

O
O
O
O

s’
-
-
———————————

O Low maintenance cost

Failure rate

Design-for-Quality and Reliability | .
Quality and Reliability quantification
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QUANTIFIED ASSESSMENT OF PLC RISKS Pred-X

End-of-Life: critical aspects
O Replacement
O RoHS/WEEE
O Toxicity
O WWaste treatment cost

O Recycling revenue

Design-for-RoHS/VEEE,
disassembly, recycling

BOM based material
identification

MmecC © imec 19 www.cedm.be e Dot &



CEDMTOOL BOX

IEDM = wven

Electronics Design & Manufacturing AC H | EVE

20



CEDM TOOL BOX P re d_/)\_// Bill of Material
| Process Parameters

Process Parameters

O Design-for-Assembly: BOM based

O Quantified Quality
o DPMOlyield
O Test coverage
O Assembly

oy, e . : 2y, ER &
R R I TR TG

Virtual Assembly Line

flow & time PBA flow distribution
PBA Design KPI asgglln?bly

ratio

First Pass Yield

O Assembly model and |
DfA evaluator Ny ﬁm 2 s Man 7)1 o g
®1 pass Manu. T./ 2
9 ¢ 0

Assembly
Ba0)

pass Func. T. Trouble-

O Design impact on assembly [ D e Mo, 7.2
. e pass Func. T. burden
flow and efficiency 6  Unprecictabl
outcome _
SMD lineliik Loss risk
W Scrap overhgagl dgaction
o L

_JEDM
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CEDM TOOL BOX Pred-X
PCB laminate specification: specify FR4 type

O (Cohesive) delamination
. . . Experience the
O Via failure: new analytical model Power of Insight!
O Prediction of failure probability: production & operation
O >200 laminates: PCB Laminate Overview on www.cedm.be

DfR Solutions

Axial strain L. %]

. D,
01k . 0.8/1.8/2.2/3 2mm
0.05 : L L L
0 1 2 3 4 5

Via diameter d [mm]

03

015 -
0.1
1

0.05

Axialsh'ainac [%6]
= [==}
S it
[ o8] (421 (2]
T T T
=]
x| "
2 o
o
[u]
5 _
I
3
3
L I Y ! !

Delamination

Via diameter d [mm]

_IEDM
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Assembly:
wave soldering

Matenals Ambient Clear Add Show | Calculate Help
- Curves » Curve  Results -
Resuits

X 6> I Fz p| e

! Properies Help

PCB Thickness FCB Properties

Number of Layers: 8 Pin diameter d (mm): 05

@ PCB Thickness mm): 16 Inner annular ing a (um): 200
) Thickness per Layer Spoke length s (um) 250

Solder Mask Top (um): 20

Laver 10m: 7] (38
Dielectnc (um): | 183

Layer26m: 7] (3
Dielectric (um): 183

Soldering Conditions
Preheat temperature ('C): 120
Wave temperature (C): 265

Contact time (sec): 5

Il Component
I Copper
Dielectric material
Bl Solder mask
Including thermal reliefs

Layer 3 (um) ;] 5
Dielectric um). | 183
Layer 4 (um): ‘»_J 15

Dielectric (um): 183
Layer 5 (um): ;] ES)

Dislectric (um):  [183

Layer6Gm): 7] [35
Dislectnc (m): 123

Layer 70 [7] (38
Dielectric (um). 183

Layer 8 (um): ;] 5
Solder Mask Bottom (um): |20

NEW:
% through hole fill

imec © imec

Melting temperature (217°C) position
100
_______,__———-—_/
75
g
@ (©) Fully connected
[}
c
i 50
+ 2 Themal reliefs
g
(ol Number of spokes: 4
Spoke width: 250
25
0
1 2 3 4 5
Time (sec)
_JEDM
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Temperature (C)

CEDMTOOL BOX

Assembly:
reflow soldering

250

R i

50 7

Time (min)

imec © imec

10

12

Soon:
BOM based prediction reflow soldering
temperature differences across the PBA

240
220 Wi
200 | I

180 - o B Ve
i ~! \
160 / \\

> 140 A r
—board ) | o= _ / \

e 120y | “
—— CCGA1657 F 1004 PB= e \\‘

— Tm=183 80 47 // \‘
60 - oA

40 —/ \/\‘v

20 A

O T T T T T T

0 50 100 150 200 250 300 350
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CEDMTOOL BOX NEW:

Via Densty Class

Solder Mask Densty Class

PCB Total Thickness 16 =
ENG [0
Themal Pad Height 5
Themal Pad Width 5

Via Drill Diameter 200
Via Plating Thickness (Cu) 175
Minimal Drill Diameter [©]
Via Solder Mask Barer
Via Cufiled [[]
Minimum Solderable Area 65

Output
Remaining Solderable Area n7

Rthivia) 400.7
Rth{amay) 11

2JEDM
IMeEecC © imec 25 www.cedm.be mmEggM




CEDMTOOLBOX

Under development

o Reliability extension to Pred=X PBA design:
O Analytical solder joint lifetime model D-f-Reliability

O 2 & 3D models for assemblies with flexible component on flexible
substrates calculating forces and moments on solder joints

O PCB and package flexibility taken into account

To replace IPC-D-279’s:

The cyclic fatigne damage term for leadless SM solder
attachments, for which the stresses in the solder joints

exceed the solder yield strength and cause plastic yielding
of the solder, is

FLp A (mT}
AD(leadless) = [ ]

[Eq. A-3]

_JEDM
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CEDMTOOL BOX

Guidelines Tools ~

PBA design:
D-f-Reliability '°°~

¢ IPC Standards Guide

¢ PCB Laminate Overview
e NPI Questionnaire

* PBA Checklist

+ BOM DfM Checklist

» Failure Risk Assessment
FMEA

e IPC Class 2 vs IPC Class
3 - Assembly View

Enter your keywords

E—

imec © imec

Calculators Projects Agenda Library Membership RoHS Service

Failure Risk Assessment FMEA

The PBA Failure Risk Assessment FMEA provides a comprehensive overview of potential Printed Board
Assembly quality and reliability issues together with the major risk factors. Where and how to
address these issues in the product development cycle is indicated. This tool can be used as a pro-
active FMEA tool in PBA development. FMEA: Failure Mode and Effects Analysis

[E Failure Risk Assessment (Members / Partners only)
Version 2.3
Revision date 6-feb-2013

More information on membership / partnership

Home Insert Page Layout Formulas Data Review View Developer @ ecn =

F =il

Brags dalens Wusbualend Tadalun Pradasla;

Ref.| Failure mechanisms | €elesvrmrale
Belealaily [ Ry

(e T ——
drgradslun, ael ok rangr oe

PCB failure " i Lo el et s Yas. e | A
' ol - ettt | pearssnmnate ek PSR e ot ‘.':.“::E:.:E‘ ey el
arsbiare
[ e — =
277 www.cedm.be

cEDM is hiring

=
0]
=
7]

Check out our new job
openings

More

New calculator

Through Hole Solder Fill
Calculator

More
September 18, 2015
cEDM WORKSHOP # 23

More

New guideline
Signal Integrity
More

New calculator

Thermal Via Design
Calculator

More

October 7-14-21-28,
2015

KULeuven Course EMC

More

_JEDM
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CEDMTOOL BOX

Full Material Declaration

Material Composition Models

Solder: pad & stencil data

Molding
compound
Component
25 e
—
e A R y=00035x-00316 _______________
£ R =0.976
T S ®
3
T I D e
<]
[s]
G 0.5 Fomm P
]
Q.
0 T T T 1
0 200 400 600 800
Body area [mm2]
imecC © imec

Lead frame

.ﬁ)lq

greenelec

e Resources  Extensions

Debug

i B 5 euEM®@EE

PCB Design PCB
Wizard lsyers Stack =

PCB  Examine
Production  FMD

e Decrease

Wirebond

Semiconductor
device

Adhesive

4444444

!

Estimate material
content based on
the physical
characteristics and
build-up

29

PCB

8 LAYER STACKUP
Basic material

PLATING

COPPER

. PREPREG
COPPER

Cu_top

Cu_lay2

Cu_lay3

.
Cu_lay4 = COPPER
INNER
COPPER
.. PREPREG
COPPER

Cu_lay5

Cu_layé

Cu_lay?

17 um
18 um
2x63 um
35 um
300 um




FUNDED PROJECTS

You can join the

consortium and
get early access
to the results!
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