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Choice of Lead-free Solder and its Countermeasure
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Abstract In this paper studies on lead-free solders have been analysized on the base of
numerous data from many research institutions. Meanwhile a comparison of Sn-Cu solder with
SnAgCu patent solder has been carried out on reliability in consumer assemblies making in the
aspect of wave soldering, as well as an application study of SnAg solder compared with SnAgCu
solders in reflow process being presented. The results shows that the solder of eutectic SnCu can
replace SnAgCu solder in the wave soldering process ,and patented SnAgCu solders can be
replaced by SnAg solders in reflow process respectively, which do not degrade the reliability of
the solder joints anyway. However the ternary eutectic lead-free solders have quite some
advantages over SnAgCu solders in reusing, recycling and cost. So it is really important to
promote the application of SnCu and SnAg solder in our country which own no any solder patents.
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HERBHH JRAEE IR IMAEE IR & &
NEMI (Nat. Elec. | Sn0.7Cu 95.55n-3.9Ag-0.6Cu for reflow soldering(217°C)
Manuf. Initiative) | Sn3.5Ag 99.3Sn-0.7Cu for wave soldering (227°C)
SnAgCu
NCMS Sn3.5Ag /
CASTIN(SAC)
Sn3.5Ag0.5Cul.0Zn

ITRI SnAgCu, Sn2.5Ag0.8Cu0.5Sb, Sn0.7Cu, Sn3.5Ag
BRITE-EURAM 95.5Sn-3.8Ag-0.7Cu - an all purpose alloy,Other alloys with potential
IDEALS (EU) are 99.3Sn-0.7Cu, 96.55n-3.5Ag and SnAgBi
JIEDA &JIETA Wave Soldering:

Sn0.7Cu , Sn3.5Ag Sn3.0Ag0.5Cu

Reflow:: Sn3.5Ag,
Sn(2~4)Ag(0.5~1)Cu
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R 2 HTCEE R S H

PERESHL Sn3.5Ag Sn0.7Cu SnAgCu Sn63Pb37
e (C) 221 227 217 183
FIEKS 460 (260°C,air) | 491 (277°C,air) 510 380 (260°C,air)
(dyne/cm) 431 (271°C,air) | 461 (277°C,N) | (Sn2.5Ag0.8Cu0.5Sh) | 417 (233°C,air)
493 (271°C,N2) 464 (233°C,N,)
B EE (g/em’) 75 7.3 75 8.4
HFEZE (1 Qcm) 10.8 10~15 13 15
#EHE (W/cm."C) | 033 (85C) — 0.35 (85C) 0.5 (30~85C)
IR R % 30 - - 25
(CTE, ppm/K)
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PR SR, FEscth gt 2 7R AU T AR 2K

* 3 HLHEMEHIHUERE (Source From: NPL)

HRESH Sn3.5Ag Sn0.7Cu SnAgCu Sn63Pb37
PihrsRE (Mpa)d 35 23 48.5 46
BY)3RE (Mpa) 27 20-23 — 23
*(Lmm/min,reflow) 39* 28.5* — 34.5%(60/40)
P (N/mm2,20°C) 27 23 27 23
P (N/mm2,100°C) 17 16 17 14
W R & (GPa) 26~56 / / 15.7~35
B R | 20C 13.7 8.6 13 8.0
N/mm? | 100°C 5 2.1 5 1.8
FERE (%) 39 45 36.5 31
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& 3 Creep—rupture data for several candidate lead—free alloys compared to 60Sn—40Pb at 25°C
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Bl 5 Wetting times as a function of superheat using copper coupons with a range of solder
alloys and 0.5 percent activated flux. (a) Air and (b)nitrogen [3]
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LRI T AT BT, AR o R 2 1) PCB R SRl 4G, [l
ARBE /N S8 M T RS 2 L s, 25 5B OSP 1) PCB LA% /] SnAg Lt SAC 454
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Pad / Stencil #£ 774347 ( Stage 1)

- 12-37 Kg
_ 3.00 + 3 Salb-SnPb
CTI. ™ -
2 2.50 — — I NAu-SnAgCo
r:‘ 200 - | — — — COSAC-SAC305
i 150 - - | — — E OSP-SAC
é 100 | - — — — ETOSP-SnAg
0.50 — — — — — — Target

0.00

B 100/80 120780 GO/ 100 100/100 1200100 90120 100120 120/120

Pad size | Stencil aperture size

Note: ATl fFREPWBIL S il o M B An i
Target: 2 SnPh-SnPh 2 PWREHLS G415, 1000100 .2 PadSilig BB 1L, #1504, sl it « 2.37 Kg)

K7 PRI 2 R S oy
Alloy Selection: L SnAg ffE, %k SnAgCu.
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i Alloy | SnBi(f % %¢ | SnAgCuBI(H

Push force W%, ARZE. | "L 55

(Ko) 1);?;00;%5 ) ;?‘L;zz) “I'snAg | SnAgCu | SnPb

PWE Finish 100000DPPM)

OSP 2.09 2.75 2.82 2.7 —

NiAu 2.40 2.88 2.74 2.68 —

Ag 1.83 2.45 2.72 2.52 —

SnAgCu 305L 2.66 269 | —
305H 2.68 —
405 2.74 —

SnPb — — — — 2.43

Average 211 2.70 2.76 2.63 —

3.2.2 IEGAE 5 HE S A

X A SRS (1) PCBA M5 A3 T v ik (ESS), 44k —20°C~100C, it
B 5 or8h, ARIES4E 10 204, 100 bl MR ILHE Sy, DIHES KT 2.37TKg A&,
iR 5.
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Alloy SnBi SnAgCuBi SnAg SnAgCu SnPb
PWB finish
OSP NG NG OK OK —
NiAu NG NG OK OK —
Ag NG NG NG NG —
SnAgCu — — — OK —
Sn/Pb — — — — Basis
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MUy 0T FH 5 S e PR A s AT T SR, B il =it (85°C, 85%RH, 96h).
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JEMRARHE Ty . AR 6~T7,

SRR, LR n S S e bR, SnAg LA AT LUESE SnAgCu., 74
TImERRE . Bk, BARMLZ T SnAg FIE miZim il SAC AaURE, Rl sEhafd 1
SURHBEWAK, MEPEVFZ NS U5 REFEATH] SnAg 128 B AE 4 B aT Rk A .
AR PETR 2 (R0 A RS M A E AN 2347
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FEPRUESE T 207100, W LIS SnCu 3L f &<, MAERIVE T Z W] LU H] SnAg

= VAN
%Hﬂé\é;

TR LASK B2 e A B 1 11 A A ek A L o 3 IV At o AAN SZASH AT N P L R P 28, TS e vy DA
R A o [, 13 o0 S AR e DUACHRE R RIAR PR [P AT i pe 3,
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Alloy
Push force
(Kg) SnBi SnAgCuBi | SnAg SnAgCu SnPb
PWB Finish
OSP 1.76 1.92 2.29 2.26 —
NiAu 1.54 2.01 2.21 2.15 —
Ag 2.22 2.57 2.56 2.09 —
SnAgCu 305L 216 | 2.12 —
305H 2.00 —
405 2.19 —
SnPb — — — — 1.97
Average 1.84 2.17 2.35 2.17 —
2T AR TCE S AR A I AT S ARG S A ) A &h R
Allo
Push Forc Y
K9) SnBi SnAgCuBi | SnAg SnAgCu SnPb
Componen
(Finish)
0603C (Sn) 1.06 0.85 0.97 1.09 1.12
0805C (Sn) 2.27 2.26 2.41 2.38 2.35
0603R (Sn) 15 1.49 1.75 1.88 1.78
0805R (Sn) 2.75 2.83 2.93 2.95 3.07
Diode (Sn) 2.25 1.76 2.78 3.46 2.50
Micro-Melf (Sn) 2.11 1.30 2.30 2.52 2.55
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