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1.1. What has changed since 20067

Soldering processes

SnPb Era RoHS Era
Solder: Tm 179-183°C Solder: Tm * 199 -*210 -217-227 °C
SngzPbs; Sng,PbsgAg, I SAC: SnAg ;Cu g, SnAg ,Cu -, SnAg ;5Cu
I Low Ag SAC: SACX, SnAg ;Cu;
1 SnCu alloys -
1*SnZn, SnBiZn : 7
I **SnAgBi i S e
Reflow soldering: Reflow soldering:
205°C - 235°C SAC: 232 °C - 245°C (260 °C)
typical: 215 °C typical: 240 -245°C (+25 -30°C)
process window: 30 °C process window:13 °C (28 °C)
Wave soldering Wave soldering
2450°C-255°C 260 °C-270°C

AMore alloys
AHigher temperatures
ASmaller process window
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1.1. What has changed since 20067

Components
SnPb Era RoOHS Era

Plastic packages Plastic packages: new materials
J-STD-20A qualification 1 J-STD-20D.1 qualification ;L:Ipfj;SE?Ed;Sj-STD-DEDD :
Tmax: 220 °C-235°C I Tmax: 245 °C-250°C-260 °C IPE:QI;S:E‘-:CDTSTD-DEDC i
i Special repair requirement e 5000 -
i Moisture sensitivity: \PCIOEDEC J.STD.020A -
MSL increase 0 to 2 levels L e oetaber 1398

Lead finish periferal: lead  -free
i Pure Sn  (whiskers), SnBi (whisker, SnPb
compatibility), NiPdAu (cost, availability), SnAg,
Ni Sn, SnAgCu, Ag, AgPkPd, é

Lead finish periferal i Anti -whiskering treatment and testing

SnPb3 -10%, NiPdAu ’ I Exemption 23 for fine  -pitch components: SnPb T RoHS2: only for

. . . spare parts of equipment placed on market before 24/9/2010.
Passives: NiAu, NiSn, Ag,
AgPd, é BGA balls

| SnAg 3Cu 5, SnAg 4Cu 7, SNAQ 33Cu; SNAg,Cu 5
o " | content balls

BGA balls Process sensitivity (MSL PSL) and )

SNesPPs7. SN 1ol terminal metallurgy have become -liiee seluion Euel el

critical design parameters.
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1.1. What has changed since 20067

Printed Circuit Board

SnPb Era RoOHS Era

Laminate (standard) Laminate (Lead -free solder compatible)
FR4 Tg=130 °C-140°C I Issues: delamination, via cracking, CAF, degradation
High Tg FR4: Tgupto 180 °C I High Tg FR4 160 °C-180 °C (poor solution)

I New FR4 -like non -dicy cured filled laminates
Reduced CTEz, increased Td and T260/T288
NEW FAILURE MODE: brittle fracture of laminate!

I Large variety of materials. FR4 is insufficient as
material identifier. New set of specifications & tests.

Finish
o I Lead -free HASL.: thermal load
Finish i ENIG NiAu : Weak interface, black pad, skip
SnPb HASL plating, NiP issues, reduced soldering window
ENIG NiAu I Immersion Sn: solderability if too thin
OSP I Immersion Ag: SO , sensitive

I OSP: solderability, multiple process steps

PCB failure rate has strongly increased.
Laminate selection and solderable finish
are critical design parameters.
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1.1. What has changed since 20067

Assembly and supply chain

SnPb Era RoHS Era
Component ID Component ID
I Functional I Functional & package

I Package I ROHS, ROHSS (telecom), non  -RoHS, non -EU RoHS

I SnPb solderable, lead -free SAC solderable
Application specific compatibility depending on lead
metallurgy, thermal load resistance, ROHS exemptions,

reliability requirements, é
IAGreenodo componRferngdes ,cdmmanent s
Traceability
Only for specific applications General requirement for RoHS compliancy
Assembly operation
Assembly operation I SnPb solder plus one or more lead -free alloys
One solder alloy for all I SnPb and lead -free soldering processes/equipment
SOIdF":" — _.__.__A.:’_.__ . e I e R e
one ROHS | lead free | lead -free solderable!

ATraceability required but...

AROHS?2 traceability is MANDATORY (CE)!

AMany more parameters per component:
complexity of identification and logistics
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1.1. What has changed since 20067

Solder use Solder Consumption by Region in Q4 2011
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1.1. What has changed since 20067

Summary

PBA design and manufacturing has become:

Significantly more complex with many more parameters to
control.

More critical due to higher temperatures and smaller
process window.

With a significant higher chance of failure due to:

I Enhanced failure mechanism (fatigue, via -cracking, del amin
I New failure mechanisms (whisker, Kirker

I Shifting of failure location: from solder joint to solder joint
environment.

I New materials jeopardizing product reliability.

I Identification and tracking errors, human error
and lack of robust supply chain control systems.

I Counterfeiting of components (5 -10%)
I We are still in the learning curve!
€ and several unknowns
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1.2. What brings RoHS2?

RoHS part of CE certification: A major logistical challenge!
A Full traceabllity is mandatory
A Readiness of ERP systems?

Even more complexity for OEM and EMS:

1. Separate exemptions for medical/monitoring/control devices.

2. ELV and RoHS exemptions are different! Automotive producers be aware!

3. Various exemption expiration dates for various exemptions.

4.Di f ferent products come in scope at 22 J
5. There are still PBA to be designed/produced for out -of-scope products.

No additional ban of substances with major impact.

More clarification and specifications but...
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1.2. What brings RoHS2?

Large stationary industrial tools unresolved

(3) ‘large-scale stationary industrial tools’ means a large-scale
assembly of machines, equipment, and/or components,
functioning  together for a specific application,
permanently installed and de-installed by professionals at
a given place, and used and maintained by professionals in

an industrial manufacturing facility or research and devel- ®
opment facility;
P * ROHS? :

I Large -scale: How large?
I Assembly of... for a specific application:
Valid for all industrial tools, machines, equipment.

I Permanently installed:
Nothing is permanent. How long is permanent?

I Installed, de -installed, maintained by professionals:
Valid for all industrial tools, machines, equipment.

A All industrial equipment out of scope?

Same |1 ssue with nfixed

(o]
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1.2. What brings RoHS2?

Conflict between RoHS principles and analysis methods
RoOHS is based on homogeneous materials and application specific
exemptions of the use of banned substances. Thus:
Technological knowledge is MANDATORY to verify ROHS
compliancy.
RoHS enforcement authorities look for n T e ¢ h n eDumrgyy-Black
B o x @nalysis methods to determine RoHS conformity.
Black - Box analysis is IN PRINCIPLE IMPOSSIBLE.

Be aware:
That RoHS compliancy CANNOT be proven by analysis, only
disproved!
Technology know -how is mandatory when RoHS compliancy
Is challenged!
There is a lot of legal lead in ROHS compliant electronics.

Doné6ét call your eHreecdda omhemrs ifitL eiasc
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Product concept

OEM
Product _desidan
OEM-ODM
v
ifioat Physical design
Qualification
ualification OEM-ODM.-
OEM-ODM-Testlab [ .
designhouse
Components #
—I Manufacturing
PCB » OEM-ODM-EMS
Materials v
Packaging | OEM-ODM-EMS
|
v
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Customer %
S
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Many players.
International.
Very complex.
Fragmented
responsibility.
Insufficient
academic support

No PBA education

at master level

(engineers).
Consequence

Poor PCB/PBA
product specificat.

Poor control of the
supply chain.
Development of
design guidelines
has stopped?
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Electronic product realization
Experiencebased industrial approach

Scientific basis and level ¢
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ATest coverage

APCB/PBAechnology

AFailuremechanisms

ADesignfor-X

AReliability tests

Aetc.
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2. Electronic supply chain: who is doing what?

In practice

OEM BestProduct defines functionality of new electronic
product.

BestProduct makes the electronic design and specifies
processor , memory and ASIC components.

Layout based on the electronic schematics is subcontracted to
ODM Createlt .

ODM Createlt or der s t he PQBdrina.t PCB

The PCB assembly is subcontracted by Createlt to PBA plant
Stuffit .

The Stufflt organisation orders components from different
sources including component brooker GetltAll .

Critical components (cost, lead -time, &) are direc
by OEM BestProduct and shippedto Createlt from which the
different Stufflt PBA plants get their supply.

Functional testing is done by OEM BestProduct for IP reasons.

Repair from testing and field returns are shipped to a
European Stufflt PBA plant.

ODM Createlt is responsible for Engineering Change Orders.

(o]
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2. Electronic supply chain: who is doing what?

. In practice

Questions raised by a complex supply chain:
Who makes the rules of the game?

Who specifies what?  (complete or partially)

I PCB (BestProduct , Createlt , Print, Stufflt )?

I Components ( BestProduct , Createlt , Stufflt, GetltAll )?
I Assembly materials ( BestProduct , Createlt , Stufflt )?

I Assembly operations ( BestProduct , Createlt , Stufflt )?
|

Reliability requirements related to operational conditions
(BestProduct, Createlt, Print, Stufflt )?

Are there clear agreements made?

Is there sufficient know -how present?

How to control that specifications are met?
What about communication between links?
What about traceability?

(o] L >
mec
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2. Electronic supply chain: who is doing what?

. In practice
What if:
OEM BestProduct : Brussel
ODM - Indi a ST
EMS Stuffit : France/Romania/China/Vietnam T o0 EloeT a
PCB Print : China e
Brooker GetltAll : Germany ow e

Second sourcing?
Language, culture,

legislation , ... 3
. Yo
L. KB-6167 Tgi70FR4
Standardisation: REERE DA WR
:rl:])issltaa’.?ndards q.ﬁrljﬁmc [DSC &), £ Z-8 CTE{R DO We underStand
« HEEACAREXSOHBITIN , THESP

o PAERREN

« EEMNTHMIE  EWRERIEHEER eaCh Othe r?

o S IPCAI0IA MREER
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In assembly: Yield and quality

Poor quality
AComponents
APCB

AAssembly process

ADesign Poor solderability
APCB finish quality
ASolder paste
AStorage conditions

BGA voiding
AReflow process
ASolder paste

Through -hole filling fos
CB design

ASolder process
ASolderability of
component or PCB
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Dela : " .
APCE Major cause of failing electronics!

aatl Estimated damage for Belgian products:

B- Tens of million Euros
— Component

(4 4 ;_( "’. . \ 3
.t‘ ' k &"\___

—

“ '

_' AOverheating Package crack AMoisture level rating
Alncompatibility of ~ AComponent quality

component with \  ALogistics of moisture
lead -free soldering ' sensitive components
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Solder joint fatigue
A Design: CTE mismatch
A Design vs. operational conditions

A Lead -free solder alloy

Interface failure
A Use of NiAu: weak Ni -solder

A PCB: ENIG quality
A Design vs. mechanical load:
shock, vibration, tensile stress
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EDM  ~ sirris &Tec

© Sirris 2012 © imec 2012 | www.edmp.be ‘ 20



— 3. What can go wrong?
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3. What can go wrong?

. "nGreenod mold compound
Driven by:
I Need for reduced moisture
sensitivity (RoHS -lead -free)
I A"Going Greeno tr

Halogen -free plastics \ GUIDE TO
i Die stress: new IC  -dielectrics g ChEthER ©ELERONIC
i Cost :
A Electronic component manufacturers introduced
highly SIO , f 1 | | ed Gr8eb #tdld cémpounds o
February 10, 2010 CN-021010 .'-‘.:,_":"- ,.-\ e e 3
Customer Notification W s oY SRl

Mold Compound Change

Dear Valued Customer:

This notification is for the purpose of informing you of that our Assembly supplier is converting all mold
compounds to green material sets.

Purpose

Due to their worldwide GREEN policy. ASE will transfer all devices which use non-green molding compounds to
green molding compounds.
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A major threat to solder joint

and interconnect reliability

3. What can go wrong?
N G

reeno mold compound

High SiO , filling creates molding compound with very low

thermal expansion: 6  -10 ppm.
(For reference: CTE Al ,05 = 6.7ppm (ex. CBGA))

In the past it matched the PCB CTE of 14 -18 ppm

This creates anearly  tenfold increase in thermal
mismatch between component and PCB.

Depending on component and PCB detalils:
A major increase of thermo  -mechanical strain of solder

joints and component leads (TSOP).

(o]

[ >
irri e
EDM  ~sirris &T -3 © Sirris 2012 © imec 2012 | www.edmp.be 23



3. What can go wrong?

. "nGreenod mold compound

But component supplier customer notification claims

Customer Notification
Customer Impact Mold Compound Change

No customer impact 1s anticipated with this change; there 15 no change to form. fit. or function.

In general (there are exceptions): "
I SJ reliability knowledge is insuf Toda y 05S el ectr
i SJ reliability is not tested by cofcRSLe[ILIEETRI\AS g Te g (=]¢
i Customers are misinformed lifetime but you may

Consequences: not be aware of it (yet)!

I The change towards low -CTE mold compounds has passed
below the radar of the OEM and EMS suppliers.

I A major threat to the reliability of non -consumer electronics.

Considerable reduction in lifetime expected: a factor of 1 to 4

Vandevelde, B.; Lofrano, M. and Willems, G.
Green mold compounds: impact on second level interconnect reliability.
Electronics Packaging Technology Conference - EPTC. ieee, 2011. (7-9 December 2011; Singapore)
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During operation: failing insulation

PCB
surface

~ Anode - Cathode

Component
terminals

SIR failure: dendrite growth

A PCB quality: ionic contamination
A PBA assembly quality

A Solder material flux classification
A Environment vs. design

Figure 3-1: Dendrite growth benveen positively and
negatively biased conductors (top and bottom).

CAF Conductive Anodic Filament
A Design PCB
A PCB laminate selection internal
A PCB quality
A PBA quality

Sn whisker

A Use of Sn, SnCu

A Lack of mitigation
practice

A Component selection
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3. What can go wrong?

In the newspapers

More than an academic discussion

Microsoft Xbox 360

7} Xbox 360 technical problems - Wikipedia, the free encydlopedia

Fle Edit View Favorites Tools Meip
rle W - JE O 3

G.Back . \% [;J lg '\1.| 7 | Search A‘\f’ Pavorites (:l

Address l-ﬁ http!//en. wikipedia.org/wiki/Xbox 360 _technical_problems

Help us provide free contént Lo the world by donating today!
article discussion | | editthis page || history |

Xbox 360 technical problems

From Wikipedia, the free ancyclopadia

The Xbox 360 can be subject to a number of possible technical problems Since the Xbox
was released in 2005 the console gained a bad reputation by the general public. and in the pi
articles portraying its poor reliability and relatively high fallure rates (TEIE19)

WHZI'I’I«ZI‘)IA

The Free Encyclopedia

navigation

- l,?aln page | In the early months after the console launch Microsoft claimed in the press that failure rate w
= Contents consumer elactronics industry average 3-6% “N9I7IE Mowavar. the company has not releas:
w Featured content official statistics on the failure rate of the consola since its launch. and the company's policy
u Gurrent events 50, instead focusing on a prompt solution of any technical problems arising ' Despite Micral
» Random articla

reticence. some retailers have reported abnormally high failure rates. with one retailer reportir

Cost: >US$ 1.000.000.000

-llo‘.ll" ' g
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Toyota Recalls 1.1 Million Corolla,
Matrix Cars For Stalling

By John Voelcker
Senior Editor
August 26th, 2010

318 Views
comment now!

Toyota

Toyota today
announced that it would
recall roughly 1.1
million Coroll
and Mar#

e recall is a response
to concerns over
stalling issues reported
in those models. The
National Highway

Traffic Safety
NHTSA) has been investigating the Toyota sfalling problem since

Enlarge Photo

late kst year.
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