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AGENDA

 ROHS transition challenges
 Components / Processes compatibility
 Whiskers

 ROHS transition logistics

e RoHS Component status
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FOR A SUCCESSFUL TRANSITION

OEM
Compliant Products
Transition Plan
Product Reliability

EMS Supplier
Compliant Manufacturing Compliant Components
Production Quality Component Data

Materials Handling Component-Level Tests

We all have a role to play
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ROHS DIRECTIVE - REQUIREMENTS

From 1 July 2006 , new electrical and electronic
equipment put on the market should not contain...(or
limited to) :

— Lead (0.1%)

— Mercury (0.1%)

— Hexavalent Chromium (0.1%)

— Cadmium (0.01%)

— Polybrominated Biphenyls (PBB) (0.1%)

— Polybrominated Diphenyl Ethers (PBDE) (0.1%)

Lead is used in most or all assembly operations and i S the
element of most concern to phase out
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ROHS DIRECTIVE — APPLICATIONS/EXEMPTIONS

* Products affected (JULY 2006):
— Household appliances
— IT equipment, Telecom, Terminals
— Radios/TVs/ Videos
— Electronic Toys, Electronic Tools
— Storage and Storage Array Systems (private/consumer applications only)

* Products Exempted: (Reviewed periodically with a view to reduce)
— Maedical Equipment and Control Instruments
— Automotive, Defense and Aerospace Industry equipment
— Network Infrastructure Equipment (5/6)
— Storage and Storage Array Systems (industrial) until 2010 (5/6)

« Many other exemptions at component or material use level: (Reviewed
periodically with a view to reduce)

— Lead in high melting temperature type solders (ie. lead based alloys
containing 85% by weight or more lead)

— Lead in glass of cathode ray tubes, electronic components and
fluorescent tubes
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RoOHS TRANSITION CHALLENGES

Technical

« withstand the higher melting temperatures required for lead-free
manufacturing.

— Today'’s tin-lead attachment (Sn37Pb) alloy melts at 183°C
with typical peak reflow temperatures of 215-220°C.

— SnAgCu lead-free alloy’s melting point is 217°C with peak
reflow temperatures of 245-250°C.

— The 34°C Delta significantly impacts components MSL levels
Logistic

 Manage the stock (segregate non lead free / lead free
components)
« Different timings for transitionning to ROHS

 Manage product transition with customer
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SnPb / SAC REWORK TEMPERATURE PROFILE

Exemple for a uBGA 256 rework on SRT
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Predicted 0
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ASSEMBLY TEMPERATURES SUMMARY (BGA/CSP)

Typical reflow temperatures summary per process /
solder type for PBGA/CSP components

Hot air Convection Reflow oven Hot air Convection BGAICSP
(1st pass Assembly) rework machine
Delta T (Package - Solder joint) 210 5C 15to 25T
SnPb solder joint peak T° 205T 200TC
SnPb top component package peak T° 209C 215 to 225T
solder joint peak T° 235T 230T
top component package peak T° 239T 245 to 255T

JEDEC/ IPC J-STD-020C (July 2004)

SnPb parts
Package Thickness Volume: < 350Cumm Volume: > 350Cumm
<2.5mm 240 +0/-5C 225 +0/-5C
>2.5mm 225 +0/-5C 225 +0/-5C

Package Thickness

Volume: < 350Cumm

\Volume: 350t0 20 00 Cumm

Volume: > 2000Cumm

<1.6mm 260 +0C 260 +0C 260 +0C
1.6mm to 2.5mm 260 +0C 250 +0C 245 +0C
>2.5mm 250 +0C 245 +0C 245 +0C

Note: Lead-free parts not rated to 260C need to unde rgo one pass at 260T to simulate rework

2 SOLECTRON.
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RoHS TRANSITION PHASES

Path A to B to C is likely

A. Initial (Tin-Lead)

Tin-Lead paste, bar, wire,
board, and components

B. Intermediate Phase

Lead-free paste, bar, wire, board,

Mixture of Lead-free and Tin-lead

(Mixed) ) C. Complete Lead-Free

Lead-free paste, bar, wire,
board, and components

components

Transition timings are different upon markets / customers
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INTERMEDIATE PHASE

BGA exemple
SnPb BGA Component Lead Free BGA Component
SnPb Sphere =MAgel
Lizulels Liqu%%ge'lr'(:zmp
Temp = 183C — 217C
SnAgCu paste SnPb paste
Liquidus Temp = 217C Liquidus Temp = 183
PCB PCB
Forward process Backward process

What reflow profile should be used ?
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BACKWARD PROCESS CHALLENGES

Incomplete Mixing and Self alignment

Component

SnAgCu A -
Sphere Liquidus Temp @ 217- 221C

SnPb paste Liquidus Temp @ 183C
PCB
Reflow above liquidus temp of Reflow below liquidus temp of
mixed SnAgCu/SnPb solder mixed SnAgCu/SnPb solder

Ball completely melts;
Homogeneous mixed of Pb;
Self - alignment;

Ball partly melts;
Inhomogeneous mixed of Pb
No self - alignment

Optimal reflow peak temp. and time above liquidus are critical
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Final Joint Compositions and Liquidus Temp. with
Sn4Ag0.5Cu Ball and Sn37Pb Paste

Pitch Aperture Stencil Transfer Ball % of | % of | % of | Liquidus
(mm) | Size (mil) | Thicknes | Ratio (%) | Dia. Pb | Ag Cu temp. (C)
s (mil) (mil)

6 100 28 3.4 |3.6 0.5 218
1.27 21 (Ro)

5 100 28 2.9 |3.7 0.5 218*
1.0 18 (Sq) 5 90 22 49 |3.5 0.4 217
0.8 16 (Sq) 5 85 14 11.1 | 2.9 0.4 207
0.65 14 (Sq) ) 80 10 17.0 | 2.2 0.3 201

(197%)

0.5 11 (Sq) 4 90 10 11.9 | 2.7 0.3 206

* Calculated by Dr. Ursula R. Kattner of NIST from NIST thermodynamic database
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TIN — BISMUTH COMPONENT COATINGS

« From INEMI
With LF soldering, it is a viable candidate for component finish.

For SnPb solder, it is necessary to control Bi content between 3-5% so as to have enough
Bi to suppress whisker formation w/o getting into composition range of the ternary eutectic.

For tin-lead wave soldering, there are still restrictions on the use of SnBi components
because the bismuth can leach into a tin-lead wave solder pot and bismuth could accumulate
over time in the solder pot, which can lead to a lowering of the melting temperature of the pot

and potential reliability issues.

The level of bismuth which may increase over time will need to be monitored. J-STD-006
standard indicates a level of bismuth impurity in an as-received tin-lead solder bar of 0.1wt%.

Industry position examples:

- The AIA (i.e. Boeing and Airbus and their suppliers basically) are acknowledging that Japan
has had success with Bi BUT when they use Bi they use only Bi with No chance of lead
contamination. The AlA is VERY concerned about the cross contamination issues with Bi, not

just the melting point.
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SOLECTRON BACKWARD COMPATIBILITY POSITION
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BACKWARD COMPATIBILITY SUMMARY

B Generally speaking, lead-free chip components and lead-
frame components are backward compatible.

B The use of lead-free BGA/CSPs with SnPb paste is
discouraged due to reliability concerns.

m If the use of lead-free BGA/CSPs with SnPb paste cannot be
avoided, the recommended guidelines are:

e Calculate liquidus temperature of mixed compositions.

¢ Develop reflow profile for the specific assembly with time
above calculated mixed composition liquidus temp > 30 sec.

¢ Make sure all components and the board can withstand the
elevated temperature.

¢ Validate the microstructure of solder joint and check self-
alignment through cross-sectioning and SEM analysis to
ensure self-alignment and complete mixing of Pb.

e Assess reliability upon product application
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WHISKERS GROWTH

Many comg)onent manufacturers are changln]g from tin-lead (90Sn10PD) to
ure tin (100%Sn) and high-tin $>95%Sn lead-tree al oRy
adframe/termmatlon coatings to meet the European ROHS legislation.

Concern . Tin whiskers are a potential reliability concern as they could cause
electrical shorts.

Pure tin and high-tin lead-free coated components tend to be more prone to tin
whiskers.

Cause : Compressive stresses (Intermetallics formation, thermo-mech stresses-CTE
mismaitch,..)

Chemical reaction is the other mechanism that creates the irregular growth of the Cu5Sn6
intermetallic.

Qdd Shaped Eruption (OSE) Whisker
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WHISKERS GROWTH MECHANISM .

Whiskers grow because of compressive stress in the plating which is
caused by irregular growth of intermetallics or, to a lesser degree, oxidation
products in the grain boundaries

CugSns

Sn Deposit

Incubation period times can vary from minutes to decades
E4 reference
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WHISKERS MITIGATION - PREFERENCES

Several mitigation strategies are being implemented:

- Underplate copper leads with a nickel layer as barrier layer to
diffusion (min. porosity free layer thickness of 0.5um).

- IHteat treatment : Annealing matte tin (1h at 150C), Fusing tin
plating

- Tin surface reflow or fusing to relieve stresses
- Solder dipping with SnAg4 or SnAgCu
- Conformal coating: thicker coatings (>3.9mils)

Solectron Supplier Preferred Plating for Component Leadfra mes
or Terminations ( referring to Std JP002 March2006 / JESD201 March 2006)

« Matte Tin over nickel {Ni thickness : 1 to 2 um}

« Matte Tin over copper with annealing or post-bake of component at
150°C for 1 hour within 24 hours of the matte tin plating operation

* Fused (or dipped) pure tin or SnAgCu
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WHISKER SUMMARY

 The Phenomena still requires investigation and experience

» Solectron currently applies the Inemi and standards recommendations

« Conformal coating is reducing the risk of whisker growth

INEMI Tin Whisker User Group Position

« The position of INEMI is that there is no scientific consensus on
whisker formation and growth fundamentals at this time. Therefore, any
claims for “whisker-free” tin-plating processes, or guaranteed lifetimes
w/o a whisker failure, must be regarded with skepticism at this time. »
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MATERIALS SUPPLY AND DEMAND DURING
TRANSITION TO RoHS

Cost of Compliant Material

Cost of Non-Compliant Material ~ (incl. solder)

|I Minimize Cost Impact of Il
Changing Supply Base

2004 2005 2006
Compliance Product Volume
Strategy Re-Entry Production
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COMPONENT MANUFACTURER / CUSTOMER
SCENARIO

Manufacturer Customer

Logistics Part Marking Package Marking Strategy Timing
Outer Package

Part
Number Marked with | may be marked
Change standardized | with a standard
(CoudMFGbothpb | Symbology | or non-standard
and Pb Free) Ssym bol
Nupr:l:)ter Inner Package
S Marked with | may be marked
the Same/ their own with a standard
Date Code | Symbology | or non-standard
Cut-Over symbol
Transition : No Package
Date Only No Markings Marking

Solectron must be able to develop a solution for any or
all combinations of the above scenarios.
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WAREHOUSE AND LOGISTICS COMPLIANCE PLAN

Solectron will create new site part numbers for all ROHS
compliant assemblies and all of their BOM components :
regardless of the actions of component manufacturers or
customers.

Clear physical and financial separation of the supply chain (i.e.
Inventory, Demand, Supply)

Fully utilize MRP (Material Requirement Planning) System

Will be able to use effective dates to phase in/ phase out part numbers

C()ZI((]?an BOMSs (Bill of Materials), AMLs (Approved Materials Lists) and
rders

Lowest risk of mixing inventory in warehouses

Easier to capture and recover E & O (Excess and Obsolete) created by
the switchover
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LEAD FREE COMPONENTS / ASSEMBLY MARKING .

Following JEDEC (JESD-97) and IPC (1066) standards

el — SnAgCu lead-free solder

e2 — Other Sn alloys (SnCu/SnAg) (no Bi/Zn)

e3 —Sn

ed — Precious metals (ie. Ag, Au, NiPd, NiPdAu)

e5 — SnZn, SnZnX (no BI)

e6 — Contains Bi

e’/ — low temp. solder (<150°C mp) with In but no Bi
e0, e8, e9 unassigned
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MANUFACTURER PART NUMBER CHANGE

PASSIVES SUPPLIERS PIN CHANGE
223 Suppliers

65%

O RoHS with P/N change
@ RoHS without P/N change

ACTIVE SUPPLIER P/N CHANGE POLICY

(Panel : 384 suppliers)

About 50% of the
Manufacturers are changing

49% [ RoHS with P/N change

their Part Numbers

[l RoHS without P/N change

[] Not define

CCT — CNES Toulouse 12/12/2006
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LEAD FREE COMPONENTS
Assembly maximum temperature

Some devices will require specific
attention during assembly.

They do not meet JESD020C
standard requirements yet

ACTIVES PRODUCTS Reflow max temp

3000 refs

230CT 245

240C 250T

255

PASSIVES Reflow max temp
7000 refs

230C

240C

245<C

250C
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LEAD FREE COMPONENTS TERMINATIONS

Passives
PASSIVES PRODUCTS TERMINATION
SnBi 7000 Refs
Ag NiPdAu
SnCu Other
SnAg

PdAg

Sn w/o underplate

Sn with underplate
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LEAD FREE COMPONENTS TERMINATIONS
Actives

ACTIVE PRODUCT TERMINATION
3000 Refs

snCu Au CuNiAu

SnBi NiAu

SnAgCu NiPdAu

Other

Sn with underplate SnAg

\PthAg

Sn w/o underplate
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CONCLUSION
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