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Abstract: The mechanism of fillet-lifting for the S B Ag-Cu solder was studied, which is one of the mainly used
lead-free solder in wave soldering. The analysis results show that the segregation of Bi becomes more remarkable at
the corner of the solder body/ PCB pad. The local irregularity of Bi delays the solidification of the solder at the above
area, and thus the residual liquid solder at that place becomes the aggregation area of shrinkage void during the fol-
lowing crystallization. The shrinkage strain exceeds the low plasticity of the Bi segregation solder in the later crys-
tallization, then the crack is similar to that of the crystal crack. The presence of strong segregation element Bi
exacerbates the probability of lift-off, which could be reduced by the rapidly cooling only in a limited extent. The
stress-strain concentration is detected at the corner of Cu pad, the lower stress for the outer of Cu pad. Based on the
above two leading reasons for fillet-lifting, the stress-strain concentration at the corner of Cu pad and the solidifica-
tion delay, the mechanisms of fillet-lifting for SirBr A g-Cu througlrhole lead-free solder joint were given. Near the
interface region of solder and Curpad, the liquidus of solder is lowered by the enriched Bi element, and the low plasticized
zone produces at this region due to the existence of residual liquid phase. With the stress strain concentration, the cracks

produces near the corner of Cu pad and then propagated to its outer.
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Table 1 Lifting ratio of fillet with

different Bi content

Mass fraction of Bi/ % Lifting rate/ %

1.0 0

2.0 88.9
3.0 94.4
5.0 100. 0
7.5 100. 0
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Fig. 1 Morphology of fillet-lifting interface
of Smm2. 0A g-0. 5Cu-7. 5Bi at 250 C
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Table 2 Elemental analyses results of lift-off
interface of Sn2. 0A g-0. 5Cu-7. 5Bi
at 250 C(mass fraction, %)

Area Cu Bi Ag Sn
A 14. 181 7.211 0. 244 78. 364
B 14.722 15. 875 0.556 68. 847
C 18. 649 37.808 3.625 39.918
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Fig. 3 Morphologies of fracture surface at different areas
(a) —D area; (b) —C area; (c¢) —B area; (d)
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Table 3 Thermophysical parameters of fillet

Material Densit}j/} Specifi(lt heaE/l Thermal (zo?ductjs/lity/ L«t:ltent heatiolf Melting point/ C
(kg* m %) (Jo kg "= K ) (Wem™'+K ) fusion/ (J* g~ ')
FR-4 base 1500 1 000 0. 301
Pad/lead 8 800 385 389. 000
Sir2.0Ag0.5Cur7.5Bi 7 560 245 29. 400 59.4 189 =213
F 4 ARG ) R
Table 4 M echanical parameters of fillet
M aterial T emperature/ Modulus of Poisson ratio Thermal expansivity/ Yield stress/
K elasticity/ GPa 1000 K- ! MPa
FR-4 base
x, v direction 293 22.4 0.14 18.5
z direction 80.0
Pad/lead 293 126.0 0.34 16.6
Cu 403 121.2 0.34 16.6
Sir2.0Ag0.5Cur 7. 5Bi 293 52.5 0.30 25.0 85.3
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Fig. 5 Distribution of strain after
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Fig. 6 Distributions of strain and stress
of through-hole solder joint

after air cooling 30 s
(a) —Path at interface;

(b) —Distributions of strain and stress

(B K TR RSN G (W 5 R 6) o fESE fJa i), ¢
A XEA YRR HI, NI NAREN, 1 C
DX FRIBAR R B MEARAR, SO AR X, AR N ARAE

M UAE S HCE SR, Bk, 2 & T ReAE AR 4
AR, ZIRIINEY R .

2.5 FIBEFARVERIRT

FIEAE R —Fh G, R A0 R 5 2 fr i AR
TEtE(© @ MR A G )38 kLA 5 B PE 1)
PEBR) (& Gun) X—FEASA . C X AR Sk SE IR
X, SRICEEAE C X s AL AR RMAR 2K
KBEA, FIHARAT R AR b, &8 0 R b A TG
IAVE R AT T G . Ak, 4E LSS T St
R, ERETR R AR, B4R A N R AT R AL
PORHIAYE TR FEAS . AR AR SO ) R AR A 40 45 2R,
FH T I g 4 v i KR g [ B SR A 45 £ DX AR5 2 il
A Eue> Sunc ITFRGA; A XA BB 1SS
M, §u> Guiu A XASKAETH.

2 EPTR, SwBrAgCu 57RO B & A AE 45
i 3, ZEATRMRAT P AR RS AR A2 DL B
i v ol P B 00, R0 AT R YR AR 45 A B R ER
JEDXIR, FFR R SRR I A &d & . € XKTIT
JG, EERMARGRN, TN WA AR, UR
THI AR ( &) BE— 20 BB A R0 S8 S 1T 58 42
Z4TF . A 1E A H T A ] 5 A P AR 2 1 X )
RAZARAS B I ()3 0, T BOX KT RE f 35
RAMMEZIRK, FA7E— 8 IR FI IR YE

3 it

St Br A g Cu B RME 53 B A& 2 EAE & ft 5 18R
e LI IR), TSR AT B TR A 2 A B I A T
DA, U 7 A TR F T 1) Ah 2P RE o X3
AP ASE 0t [ SR DX AT AU £ f =5 BRI, A 2B 1
etk B X T 8K, JR P AR AT AN 1) BE G, AR
oI WA= BB AR T .

REFERENCES

[1] Nakatsuka T. Reliability of Pb-free solder joints of
surface mounted LSI packages after flow-solder[ J].
IMAPS, 2000, 9: 330~ 335.

[2] Handwerker C. NIST Research in Lead LeadFree
Solders: Properties, Processing, Reliability][ R]. Na-
tional Institute of Standards and Technology ( NIST),
2002.

3] Suganuma K. Influence of various factors on lift-off

phenomenon in wave soldering with So-Bi alloy[ J].



016 & 2 1

il WS, A% JCET LR SirBr AgCu SFRME SR B AL

* 321 -

[ 10]

Jpn Inst Electron Package, 1999, 2: 116 ~20.
Suganuma K. Advances in lead-free electronics solde
ring[ J]. Current Opinion in Solid State and M aterials
Science, 2001, 5: 55~ 64.

Suganuma K. Mechanism and prevention of lift-off in

lead-free soldering[ A]. Proc 33rd International Sym-

posium on Microelectronics[ C]. Boston: Massa chu-
setts, 2000. 303 ~307.
Lead-Free Solder Project Final Report[ R]. Germany:

UNCMS, Report0O401RE96. 1997.

Suganuma K. Microstructural features of lift-off phe-
nomenon in through-hole circuit soldered by SirBi alloy
[J]. Scripta Materialia, 1998, 138(9): 1333 ~ 1340.
Suganuma K. Lift-off phenomenon in wave soldering
[J]. Acta Materialia, 2000, 48: 4475~ 81.

Ishizuka K, Kawano T. Tests of fillet lifting phenom-
ena in lead-free solder[ A]. 6th Microjoining and As-
sembly Technology in Electronics[ C]. USA: 6th M A-
TE Organise, 2000. 297 ~ 302.

Mitlin D, Raeder C H, Messler R W. Solid solution

[ 14]

creep behavior of SnrxBi alloys[ J]. Metallurgical and
M aterials Transactions A, 1999, A30: 115~ 21.
Suganuma K. Mechanism and prevention of lift-off in
lead-free soldering[ J]. IM APS, 2000, 9: 325~ 329.
John H. Electronics manufacturing with lead-free[ J] .
Halogen-Free & Conductive Adhesive M aterials,
2003, 16: 20~ 27.

Hirokazu T, Yuichi A, Hiroko K. Evaluation Re-
sults on Reliability of Lead-free SolderT abai Espec
Efforts to Develop Viable Lead-free Solder[ R]. ES-
PEC Technology Report, 2002, 11.

Hua F, Mei Z, Lavagnino A. Eutectic Sn-Bi as an
Alternative Ph-free Solder[ A]. Proceedings of an In-
ternational Summit on Leadfree Electronics Assem-
blies| C]. USA: ISLEA Organise, 1999. 56 ~ 61.
Database for Solder Properties with Emphasis on New
Lead-free Solders[ R]. Germany: National Institute
of Standards and Technology & Colorado School of

M ines, 2002.

(4wiE L)



