Highlights from the
“5 Steps to Successful
Lead-Free Soldering”

Dzl | This methodology is an initiative
from the Technology
Group of Vitronics Soltec.

Soldering in 2003

® Leaching of Lead From Used PCB's While in Landfills

into Water Supply.

— Lead Used in Circuit Board Accounts ~
0.5% - 1% of the Total Amount of Lead
Used.

Real Impact of Lead on Humans

* Maximum allowable limit of lead in blood:
— 10 ug/dl

* Progress made in the last 30 years.

—1970'’s average Pb level = 15 ug/dl

— 2003 average Pb level = 2 ug/dl

80 % of homes built prior to 1978 have lead

paint.

— Danger is when paint chips or in removal
which results in Pb dust.

¢ Affects mental and physical development in
kids. Lower IQ and physical stature.

Lead Free Drivers
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WEEE and RoHS Directives

* Waste Electrical & Electronics Equipment
* Restriction of Hazardous Substances

* Became law on Feb. 13, 2003
¢ EU must comply by July 1, 2006

* Notes
— consumer electronics constitute 40% of
lead found in landfills
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Contradictions in the Industry

Philips is formally contesting the WEEE
directive on the grounds that it is not
environmentally safe.

Philips is currently manufacturing lead free
products.

Sony Playstation 2 was held up in Dutch
customs 11/02 due to elevated levels of
Cadmium in the cables.

Sony reacted by developing an internal
group whose only function is to monitor
global regulations, develop internal
standards, and implement procedies s suin:




JEITA Lead Free Roadmap

Japan Electronics & Information Technology Association

First adoption of lead free solders in mass production 1999
Adoption of Lead Free components 2000
Adoption of Lead Free solders in wave soldering 2000
Expansion of use of Lead Free components 2001
Expansion of use of Lead Free solders in new products =~ 2001
General use of Lead Free solders in new products 2002
Full use of Lead Free solders in all new products 2003
Lead-containing solder used only exceptionally 2005
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What are the 5 steps?

Step 1: Select the right
materials and equipment.
Step 2: Define the Process
Parameters.

Step 3: Develop a Robust
Process.

Step 4: Implement Lead-Free
Manufacturing.

Step 5: Control and Improve
the Process.
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Introduction 5 Steps o R c—

1.2 Alloy selection
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* Which alloy?

* How to select?

1.2 Alloy selection o R —

North American Lead Free
Integration

Manufacturing

Not applicable
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Step 1: Select the right materials
and equipment
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Critical choices, from alloy and flux selection to
necessary equipment capabilities, must be
determined first.
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Alloy Melting Points
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Tin Silver Copper Alloy

Choice alloy for NEMI, JEITA, and within
EU.

Composition varies significantly due to:
— Patented compositions

— Cost
— Availability
— Global Region

Silver content range: 3.0 - 4.0%
Copper content range: 0.5 - 0.9% g i gattne

Alloy Behavior asa Function of
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Wetting Times lead-free alloys
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Melting Behavior of Sn-Ag-Cu Solders
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Lead Free Alloy Behavior
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Wetting Angle Results

Reflow Average Wetting
Solder Paste Atmosphere Profile Angle
Rarmp Soak Ramp 272
Nirogen
Direct Ramp 257
SLRICGUET Air Ramp Soak Ramp JES
Direct Ramp 244
Ramp Soak Ramp 220
S35 Ag AL Direct Ramp 205
Air Rarnp Soak Ramp 270
Direct Ramp. 300
Ramp Soak Ramp 89
Nirogen
Direct Ramp 96
Eutectc snfb o Ramp Soalk Ramp 125
Direct Ramp 9.2

Average Wetting Angle Measured by Cross Sectional Analvsis

Wetting of lead freeisreduced versustin lead
Vitronics Salitec

1.3 Flux selection - Paste/Flux
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1.5a Component selection: packaging material

« Mold compounds and substrates halogen free.

« New plastics need to be designed to meet the
higher temperature requirements.

« Lead-free die and passive attachments (NiPd)

« Lead-free solderballs (area array packaging)

1.3 Flux selection - Wave Soldering

Incompatible Lead Free Flux

* Flux is burned excessively during preheat
exposure. Flux becomes “inactive” during
reflow portion of the profile.

R

Reflow Profile Specifications as
Described in J-STD-020B

Reflow Condition

Tin Lead EutedticAssembl!
Lar;E@iﬁ Small Bigi

Lead-Free Assambl
Lar;E@iﬁ Small B giz

AverageRamp-Up Rate o
T, to Peek) 3Cisecond miax. 3+C/second max.
Prehest
TemperatureMin (Tsmin) 100C 150C
Temperature Max (Tsmex) 150C 200C
60120 seconds 60-180 seconds
3oClseoond max. 3¢C/second max.
183C 217C
60-150 seoonds 60-150.
Pek T¢ aure(Tp) 225+01-5C 240 +015°C 245+0/5°C 250+0/-5°C
Timewithin5°C of actual Pesk 10-30
T 1030 seconds | 1030 soonds | 20—40seconds
Doan Rate 6°Clseoond max. 6°Cszoond max
Time25-C To Peek T¢ 6 minutes 8 minutes
Yitronics Saftnc
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Component Issues - MSL Rating for
IC’s - J-STD-020B
* Moisture Sensitivity Level (MSL) rating is has an impact

on the entire electronic assembly industry.

¢ This rating determines humidity exposure limitations prior
to using the IC in a reflow soldering process.

SOAK REQUIREMENTS
LEVEL FLOOR LIFE Standard Accelerated Equivalent
TIVE TIVE
TIME. conniTions | (hours) | conpiTioNs | (hours) | CONDITIONS
1 Unlimited £30 "C/85% RH 8 |8 C/85% RH
2 1 year £30 “C60% RH Jgfu 85 C/60% RH
B 7 weeks E30 "CIGO% RH | 696 | 30 T/60% RH | 120 60 *CI60% RH
25k 150
3 168 hours £30 "CIGO% RH | 1927 | 30 T/60% RH | 40 60 *Cl60% RH
ioig S0
0 72 hours £30 "CI60% RH | % | 30 T/60% RH | 20 60 *C/60% RH
200 20540
5 48 hours E30 “CIGO%RH | 72 30 C/60% RH | 15 60 *CI60% RH
200 40540
E) 24 hours E30 "CIGO% RH | 48° | 30 T/60% RH | 10 60 *Cl60% RH
200 40540
g Time on Label | £30 "CIGO% RH | TOL | 30 T/60% RH
gon

NEMI Lead Free Taskforce -
Component Group

® MSL rating increases by 1 level as peak
temperature increases by 10°C.

® Floor life of components decrease
substantially.

® Involves a transition to increased handling.

1.5 Component selection
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NiPd | SHT components: IC's Material cost, cracking, solderability

NiPdAu | Alternative for NiPd, slight improved wetting | Material cost

SnBi | SMT components: IC's - Through hole Compatibility with tin-lead solder

components: IC's, diodes, transistors

sn Through hole components: CCD Tin whiskers, relatively high melting point

SnAg | SMT components: diodes - Through hole | Plating feasibility not established/proven

(dipping) | components: IC's, transistors and diodes

SnCu___| Through hole components: diodes Tin whiskers, liht percentage copper, control established
1.5b Component selection: Solder finish o R c—

What is Lead Free?

* NEMI recommends total lead amount = 0.2%
* JEITA limits lead content to 0.1%

* WEEE directive limits lead content to 0.1%
™
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=+ Post Reflow Visual Inspection
. 2512 Resistor

Shiny Shiny - Less Wetting

Grainy

SnPb paste/
SnPb 2512 resistor
Lead-free SnAgCu soldered |ead-free resistor

component has less wetting than tin-lead

soldered component Safter

SnAgCu paste/ Pure
tin 2512 resistor

| SnAgCu paste / |

SnPb 2512 resistor

Sn/Ag with 30% Pb
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Impact of Pb Contamination > 0.5%

3.5 Collect data

Use SPC to monitor variations
and trends.

« Contact times, solderpot and
preheat temperatures.

* Time above liquidus, peak
temperatures, cooling rates.

E art
Solder temperature Setpoint 265 C

3.5 Collect data

Failure Types

* Dewetting
® Cracking

* Intermetallic

Impact of Pb Contamination > 0.5%

a8 2
Sn-Pb-Cu Eutectic E
MP 185°C 4ree 3

3.6 Evaluate yields and reliability

Compare the results
of the leadfree
process with the
standards of the SnPb
process.

SnPb SnAg

3.6 Evaluate yields and reliability Py v Sty

Intermetallic Growth during Aging

time 0

500 hrs @ 125°C




Impact of Aging on Intermetallic
Growth

Composite Intermetallic Growth Measured at PCB pad surface
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Lead Free Alloys Today

Variability of microstructure is not yet safely accounted for.
Increasingly critical for smaller joints.

* Variation with reflow profile (t, T, DT/Dt, conc.),
pad metallurgy combinations, aging.

* Impact of electromigration.
* Significant effects of very small process variations.

* ‘Mixed' assemblies/ Pb contamination.
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- 0 t0100°C cycling
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Pb-Pb PbLF LFLF
h (N63) 3321 3688 8343
b 75 29 41

169CSP Weibull Analyses

-40 to +125°C cycling

Pb-Pb Pb-LF LFLF

h (N63) 1944 3071 3254

b

6.6 10.6 7.5
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