TPCA

500 81%
10%
0.49%
1.
Product Consumption(%bo)
Storage batteries 80.81
Other oxides(paint, glass and ceramic products, pigments, 4.78
and chemicals)
Ammunition 4.69
Sheet lead 1.79
Cable covering 14
Casting metals 1.13
Brass and bronze billets and ingots 0.72
Pipes, traps, and other extruded products 0.72
Solder (excluding electronic solder) 0.70
Electronic solder 0.49
Miscellaneous 2.77
0.3ppm(0.3mg/l) EPA40 CFR141
[5ppb(0.015mg/l) EPA40 CFR261 TCLP

5mg/l
(Leaching out)

(Lead Free Solder)
30 )




"Lead Freeisalie"
(2003.2.13) (EC I3 10 04 )

"Lead FreeisalLow"

2.1 WEEE (Waste from Electrical and Electronic Equipment)

1998 (EV) WEEE(Waste from Electrical and Electronic
Equipment ) (Directive) 2004.1 ( )
2006.7
$30

(Recovery and Recycling)

2003.2.13 (Officia Jounal) L37/29
65% 75% 80%
2.2 RoHS (Restriction of Use of Hazardous Substances)
WEEE 2 13
(European Parliament) (Council)
(Cadmium) (Hexavalent Chromium) (Flame Retardents) PBB
(Polybrominated Biphenyls) PBDE(Polybrominated DiphenylsEthers)
2004 8 13 ( RoHs 18 ) 2006.7.1
RoHs
IBM  C4 Flip Chip (95Pb/5Sn) (
85wt% )
Servers, Storage Systems 2010
2010 (
2005.2.13 )
RoHS
" "(JEIDA) 2003 ”

” 2005



Sony Toshiba Matsushita Hitachi NEC

NEMI
2004 (FC)
10GHz (Core-Less)
(Bump) 95Ph/5Sn
SIP  SOC FC IBM
ASIC PC
RoHS
2003.10 2006.1.1
2006
(Impurity) 0.1%wt
(Solder)
" "(HDPUG)
1%
0.1%
EUELVD 0.Iwt%Pb
JEDEC 0.2wt%Pb
JEIDA 0.lwt%Pb
IPC-SPVC
2004
" " 16 IPC
"Solder Products Value Council”(SPV C)
" "(Wetting Time or Zero Cross Time),” "(Wetting Force) (Spreading)
(Méelting Point) 2003 7

I PC-SPV C-WP-006



2006 7 1

(Solder Paste)
(Solderable coating)
(BGA )
(Wave Soldering)
( F.C. C4 )

(Nontoxic)
(Available and Affordable)
Narrow Plastic Range( )
(Acceptable Wetting)
(Material Manufacturable)
(Acceptable Processing Temperature)
(Form Reliable Joints)

Sn63/Ph37
5.1 (Eutetic) Sn96.5/Ag3.5
22| (Hybrid) NCMS Ford
Motolora TI SnPb
(Reflow) (Wetting)
(Contact Angle) (Spreading)
Sn63/Ph37 30% 12% (CTE) 20%
5.2 (Eutetic) Sn99.3/Cu0.7
227 Nortel ( )

Sn63/Ph37

NEMI (Wave
Soldering) PCB



2. Sn63

96.5Sn-3.5Ag 99.3Sn-0.7Cu 63Sn-37Pb
() 221 227 183
(dyne/cm) 460 at 260 491 at 277 (air) 461 at 277|380 at 260 417 at 233
at 260 271 (air) 493at 271 (Nitrogen)| (Nitrogen) (air) 464 at 233 (Nitrogen)
(gm/cm®) 7.36 731 8.36
(U Q)-cm) 10.8 10-15 15.0
(Wicm ) 0.33at 85 0.509 at 30
0.50at 85
(CTE) at 30 25
20 (ppm/k)
16.5[Vickers hardness(VH)] 12.8(HV) 17(Brin€ll)
40(Brinell)
53 (Eutetic) Sn/Ag/Cu
(Eutetic) 217 (Sn3.5Ag0.9Cu)
300 | —
(1) 250 |
@) 2 200 ¢
©) § 5ok
(Creen) f o
(Thermal Fatigue) = il
NEMI = E
BGA % sa o 1s0 20 0 300
Time in seconds
1
Sn63
2
2 SFD
” ” (Spreading b —_—
) g 0
&
1.5
[N 1]
I-Sn OSSP

oo -
SHITPT () ddg NTR 5 rell Dol ST Sa1 Ry Bl The
Balkdir Alloy




Nokia Multicore
Sn/Ag  Sn/Cu ( )
Sn93.6/Ag47/Cul.7( 216-218 ) AMES
AQ(3.5-7.7%),Cu(1-4%)

Sn95/Ag4.0/Cud.O( 217-219 AMES Labs )

Sn96.5/Ag3.0/Cu0.5( Harris Brazing Co., )

Sn95.75Ag3.5/Cu0.75( Senju Metals )

2. (gm/cm®) e Wetting Ability of Ph-free solders at 245°C
CueSns 8.28 R
CusSn 8.9 o
NizSny 8.65 by
63Sn-37Pb 8.4 i F I I I I
95.5Sn-3.8Ag-0.7Cu 75 S R T
96.5Sn-3.5Ag 75 R T
99.351-0.7Cu 7.3 “ y
Sn 7.3
Ni 8.9
Cu 8.9
5.4 Sn/Ag/Cu/X

( X In Bi Sb )

5.4.1 Sn96/Ag2.5/Cu0.8/Sh0.5( 213-218 ) "
"(ITRI) Lucent Ford Sandia Labs
(Fatigue Performance) 63/37
54.2 Kester SAF-A-LLOY
(Sh) (Sn97/Ag0.2/Cu2.0/Sh0.8)
(226-228 )
55 Sn/Ag/Bi/X
” " (Bi-segregation) NCMS
3 "(Fillet Lifting)
Sn91.8/Ag3.4/Bi4.8(202-215 Sandia Labs ) ”

”(National Center for Manufacturing Sciences NCMS)



Sn93.5/Ag3.5/Bi3.0(210-217 )

Sn90.0/Ag2.0/Bi7.5/Cu0.5( AlphaMetals  ITRI )
(Zn)

SnCu 227
(205 ) SnAg 221

SnAgCu 217

SnAgCuBi 217

SnAgCuBi 200-216 SMT Bi Fillet Lifting
(180 )

Snzn 199

SnBi 138 SMT
(180 )

Fillet Lifting
5.6
Sn63/Ph37
" 1II
5.

Solder Alloy Relative bar cost ($/kg) Relative paste cost ($/kg)
Sn63/Pb37 1 1
Sn96.5/Ag3.5 2.29 1.07
Sn95/Ag3/Bi2 2.17 1.06
Sn96.1/Ag2.6/Cu0.8/Sh0.5 2.06 1.05
Sn91.8/Ag3.4/Bi4.8 2.26 1.06
Sn95/Ag3.5/Cu0.5/Znl 2.27 1.06
Sn93.6/Ag4.7/Cul.7 2.56 1.08
Sn96.1/Ag3.2/Cu0.7 221 1.06
Sn95.2/Ag3.5/Cul.3 2.28 1.06

Note Relativecost of selected metals Pb-1,Zn-17,Cu-3,Sb-3.9,Bi-8.6,5n-11,Ag-260,Au-15000




5.7

6.
Nortel Sn99.3/Cu0.7
Motorola Sn95.5/Ag3.8/Cu0.7  Sn96.5/Ag3.5
Ford Sn96.5/Ag3.5
Texax Inst. Sn/Ag/Cu/Sh( )
Delco Sn/Ag/Cu
Nokia Sn95.5/Ag3.8/Cu0.7
Hitachi Sn91.75/Ag3.5/Bi5.0/Cu0.7
NEC Sn94.25/Ag2.0/Bi3.0/Cu0.75/ Sn97.25/Ag2.0/Cu0.75
Matsushita Sn90.5/Ag3.5/Bi6.0  Sn/Ag/Bi/X
Fujitsu Sn42.9/Bi57/Ag0.1
Toshiba Sn/Ag/Cu
Sony Sn93.4/Ag2.0/Bi4.0/Cu0.5/Ge0.1(
Sn63/Pb37 5
Sn/Ag/Bi/X
) Sn/Ag/X
(Compatibility Flux Flux
) Sn63/Pb37
26,5 (30 ) 4
4 .5-|E|.f.-f_~.ﬁa-3 - |
SndE 54035 )
Sna5505 _. . |l.
Sn96. 2Ag2 SCul BSb0.5 | . f '.I
(Compatibility) A = |
Sn93.66Ag4.7Cu0.7 | | |
239% Sn42Bisa |

18%

SnB5.SAGI.8Cu0.T

£no90.58i7.5402 b |

Snot, 7HI4 BAGLS _,# J
Sn01P6l7

f
Q 5 10 15 20 25 3

LI At Compatibility




D (Wetting Index  W1)

2 (Solder Balling Index  SBI)
3 (Solder Appearance Index SAl)
4 (Tack Timelndex TTI)
(5) (Shelf Lifelndex SLI)
0-10
(Compatibility) ( 30

)
C WI SBlI 04SAlI 03TTI 0.3SLI

5.8
RoHS
EMS
NEMI 95.55n/3.9Ag/0.6Cu 99.35n/0.7Cu
BRITE-EURAM 95.55n/3.8Ag/0.7Cu
JEIDA 96.5Sn/3.0Ag/0.5Cu
Senju
Metal " "(ISURF)
I
. ISURF
BRITE | [sENJU
ELRAM
T . NEMI
5,1“
s | JEIDA—— a F -
s |

, - , | . .
US Patent No. 5527628 (lowa Stat & Ames) 3.5-7Ag 1-4Cu 0.-10Bi 0.1Zn
JP Patent No. 5050286 (Senju) 3-5Ag 0.5-3Cu 0-5Bi 0-5Sb
5. SnAgCu
(NEMI JEIDA EURAM)



PCBA SMT (Reflow Soldering)

( ) (Wave Soldering)
6.1 (Paste Reflow Soldering)
6.1.1 Profile
(Eutetic) (M.P) 183 (
95.55n/3.8A¢g/0.7Cu) 217
(Profile)
f :..!l,.:ul P E "
E =
L '\-.-'.|-':;. I'..llr\-ulq
Tlm-trrl-l-ru;ﬂr
6. (45-60 ) (217 ) 7.
Sn63
(230 )
MP
7.
() T( )

Sn/Pb 160~215 160 220 49( 183 ) 6
Pb-Freg( ) 236 33( 217 ) 5
Pb-Freg( ) 257 67( 217 ) 6
Pb-Freg( ) 210 234 49( 217 ) 2

(63/37) Profile

(Ramp-Soak-Spike-Cool) Soak
(Ramp-Spike-Cool)
7 7

10




Pamad el 1 |

e E——)
Few i e o
= -
-~ 5 Aariwg Fewi
l\'\..
%
b1
Flins el F'mH-b—'x
ad e A
!
%
Tem abor g Tups

T

6.1.2

(M

30

Profile

(Profile)

15

" (Thermal Couple)

Profile

Profile

11.

SnAgCu
Profile

DOE

Prefeeal Diryout Refime
kL Zone Fore Lone w

Tima(Sec)

B 10k & A X 80 5 F Lo ig 4 dh
( Profile ) M » 8 AME “—k =44

A" BEOEEER - X .':"_I}:—:.':Illl i
B 59 3 A7 AL A Soakda 22 5

10

Profile




6.2

50
36 )

Tg
SnPb
Pb-Free
SnFe
( 13)

SnAgCu
250 260
170 CAF
(Rosin)

(Dross) (

12gm/hr Pb-Free 27gm/hr)
IMC
IMC (Pits)
( 0.3% )

280 (

SnPb

Pb-Free

(Retrofit)

(Electromagnetic Pumping)

12



13.

14.

(Electromagnetic)

Sn99.3Cu0.7(
) 280
6.3
)
15.
(
) SnPb

500mm

Snlelai pen

|
?
1 Cawsdr ol
4 | a'smsr regine
L TeéactesTi savew reozsie
& Holow @l wgee .I"q |
P Dplrane wreg)

B Soldee oty
227 0 Hawwg e

0 Soddar didn

( 1000ppm
(EMS)

Prafile PhFree 230 = CullS Allny

Prafile Ph-Free 210230 — Cull5 Alloy Profile Sr/Pb: 160/715 - SnEJAJI:r.r

13



16.
SnPb
i
L
PR B M
53 31 2 iR
i £ [ £
(Wetting) (Spreading)
(Contact Angle) ( ) Sn63
1.1 SnAgCu 33.9-34.2
(VOC-Free Water based Flux)
10 (Tomb-Stoning)
15 16
( 1.8-25 30%) (
30 ) (Joint Strength) Sn63/Ph37
(Voids) (Skip) (SolderBall) (Bridge)
(Tombstone)
7.1

30

(Electrolytic Capacitors)
IC ( PBGA ) (Popcorn)

14



17.

SnAgCu
(Dioxin)
EPA
E i Expaiad cor st Wi
?

[ ] et | bymad A

ey i

lptng puia b L]

i B =
o == .
“— ;:-;'I'u..q o T
18. SnAgCu (275 ) 19,
SnPb (250 )  20-30

7.2 (Fillet Lifting)

(Failure Mechanism)

Bellow praiw
L I ____,-o-""'-'--. 5'1_‘_
L
Arflam i \"\.\__
it —
|
Tery abeer puida) N

( 20%
Tg

SnPb

250

50

(Fillet)

)

15



I o h-u-l

i reF1 liposl Fargsan
5

P ot

]I b o A8 ¥ i

. e 45 199 0 A e T

| EAld s RS T
of ity i 3 1

20. : "(Fillet Lifting)
X Y (TCE) PCB z TCE
(Shear Force)
(Liquidus Point) (Solidus Point) (Pasty Range)

21. " Bi-Segregation”

Dendrite

IMC(CusSns)
*(Bi-Rich)

16



(Microstructure)

Bi-Segregation
7.3
CugSns IMC ( 20 )
Sn-Pb-Bi
(Thermal Shock)
2-3% (Indium)

s L-SnPfbh UnTeak '“.'I'q- # 4

. ‘!ﬁ b 'l!' * L] v, X

i - ¥ o

22.

7.4 (SMC)
SMC (Reflow Soldering)
(Fillet Lifting)
(Ruptures)
SMC
(Thermal Capacity)
SMT
23. Applied
Load
BGA

Support Support Megalive Bend

17



75 (63/37) 84
X-Ray
7.5 CAF
30
(VOC Free Water Based)
" "(Conductive Anodic Filament)
CAF ( )
CAF CAF
Anti-CAF
24 « PTH-PTH t.TF " . ﬂ'ﬂl-l._lnn_:.u' -
Isola CAF (S o Ly —
" - ¥ B |
Growth( ) M‘ 4 |
CAF | RSN i

+ Limé-Liss CAF

CAF

= PTH-PTH CAF has Boon howund mch
marn Fhan PTH-Line & Line-Lina
hRcauss;

1 Pats hormd by peessi dilleng & Hhaasmal
By
2 Mioer gians burcies. in contac] with

boan electioces {PTIs|
3 Plaling process eaves lgh ievels of
locakzed ion corcerdaiions

Rosin

CAF

25.

(Bias)

Dendrites

Flux

Anti-CAF

Dendsites 17




7.6

(Fatigue Life) Sn63/Pb37

26. 95.5Sn/3.8Ag/0.7Cu
1.7 Tin Whisker
7.7.1
" " 1998 NASA Relay
10%
(Compressive
Inner Stress) " "
(Conformal Coating) (Root Cause)

CusSns  IMC ( 34)

19



7.

Organic Impurity No Bend Compressive Bend
0.2% 245 microns 312 microns
0.01% 7 microns 12 microns
0.004% 6 microns 6 microns

[Effect of Crrgande Tmpuritics on lnternal Stress |

Raeprasentation of a Deposit Cnystal Laflics

TeLETLo0

Lowaer Crganis Inchisions = Lower Inferral Sinass

1.Colomn 4. % ownd

27.
Lucent
Tech SEM
Satin Sn
_I_ -
I._f -" = E'l_‘llll.sr . E E
:E' 1 —— Ll el N E‘ :
Aing Tima, Monm
28. 5
7.7.2
0.1-5u m
50 RH50%
(.50 m )
" "(Tensile Stress)

Motorola  Shipley

= Bright Sn, Mo bl

a— Bnght S, Comiiabaka beper

Aging Tima, Mort

10mm

20




)

30

SnCu
INTERMETALLIC

SUBSTRATE

29. (3.8Ag/0.7Cu) 55 ~
85 500 CusSns IMC
Motorola ECWC 2003
L ucent CusSns  IMC
( 34) Ni3Sn, IMC
Tin Whiskers Filament , Nodule Column, Needle = Mound(
( 27 ) ( )
(Matte Tin Satin Bright )
10y m
170 (Annealing)1

IMC

Effect of Microstruciure on
Internal Stress

2 pm < Grain size < & pm Grain Size <1 pm

ey,
e

Internal Stress Causes
Stable Structure Re-Crystallisation

(Grain Size) 2-5
Iy m

21



Mechanmical Siress
Bright Finish { A), 0.2% Carbon

Mechanical Stress
Mane Finish (E). 0.001% Carbon

80 * compressive 180° Tensile
4 manths 2 months 2 months
31 2450 m
312y m 7 hm
(Tensile Stress) 12y m Lucent Tech
Digioeation
Img .
Lattice 1:: "
detect . “ /;ﬂ
e —— I = --H-T"‘"- .. j.]:;_r
I i A P i
iy AN L
e A --\.\_L :-\- [ ___I" )):__.r'
g T~ ALY
mf -:_H"““"-.’ ¥
1/
Sl
32. (Screw Didlocation)
7.7.3
3
Lucent ur
Tech 2002 APEX %
=
o .- g SE{iA BrglL. S0
ﬁ T ——Elight. Sn
CusSns IMC g ]
E T T T T T T T T
E 1 2 4 [ []
Thickness, wm
(SnO/ISNOy) jas. LA THEAEL LB EMARLS
FRLER ABTEHERFHNS
(34 RESu RREBRY (FARA) &
frk - EANOFATHRE TN
SR LARS 22 ILENBIELE
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lm Wihiker

Weak Spot #,/5HUN layer Tension

i S
- 57
alf— S

-

CusSns  IMC IMC

SnO
Dr.John Lau )
(Simulation
) (60  93%RH NEMI 1008
) ( 55 85 1000 )
(Mechanism)
(Inner Stress Residue Stress)
(Didlocation 32)
CusSns  IMC
IMC
CUssns

"(Customer isawaysright )
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Knowledge is power 2006

1. Impacts of Lead-free soldering on HDI  Dr. John Lau’s Workshop at Shenzhen (Sept4-5, 2003)

2. Environment Friendly Electronics Lead-Free Technology by Jennie Hwang Electrochemical
Publication(2001)

3. Electronics Manufacturing with Lead Free, Halogen Free, and Conductive Adhesive Materials, by
John Lau, C.P. Wong, Ning-Cheng Lee and Ricky Lee  McGraw Hill (2003)

4. Reflow Soldering Process and Troubleshooting by Ning-Cheng Lee  Newnes 2001.

5. Round Robin testing and Analysis, | PC-SPV C-WP-006(July 2003).

6. Five Steps to Successful Lead-Free Soldering, Circuits Assembly (Apr.-Aug. 2001)

7. New Avenues for Wave Soldering and Lead-Free Conversion, by M. Theriault and A. Rahn  Circuits
Assembly  Apr. 2002.

8. Are Lead-Free Solder Joints Reliable by J.Sohn  Circuit Assembly (June 2002)

9. New No-Lead Solder Paste and Reflow Technology JRaby and D. Heller CircuitsAssembly Mar
2002.

10. The Costs of Going Green by Dr. A Rae  Circuits Assembly (July 2003).

11. Understand Whisker Phenomenon by Y. Zhangeta Lucent Tech [1PC Apex 2002. Proceedings.

12. Step by step SMT Soldering by JHwang SMT Magazine, Aug1998.

13. the Evaluation of Tin Silver Bismnth and Tn Silver copper No Lead Solder Paste and Reflow
Technigues by J. Raby and D. Heller The Board Authority, Apr.2002

14. Pb-Free Finishes for Lead Frame Packaging by Fw Wulfert and N.D. Vo(Motorola) On Boand
Technology Feb. 2003.

15. A Scientific Guide to Surface Mount Technology by C. Lea Electrochemical Publications 1998

16. Kinetic of Whisker Growth on Immersion Tin By Atotech Berlin, Oct.2002

(Dr. John Lau) (Dr.N.C.Lee) (Dr. Jennie
Hwang) (Dr. C.P. Wong) (Dr. Ricky Lee)
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