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Reliability Appraisal Standard for Lead-free Solder Bar
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Abstract: The growing environmental regulation governs the use of lead by RoHS, WEEE, and then.
The electronic industry is moving to replace Pb-bearing solder with Pb-free solder. To use the Pb-free
solder, microelectronic industry needs consequently the new reliability appraisal such as the packaging
for high temperature process, various mechanical change caused by new solder, and the development of
Pb-free sloder for long life of product. The evaluation of solder bar and mechanical properties of joint
were performed compared with international standard, and new appraisal standard was established The
solderability and spread ability of Sn-0.7Cu solder material showed up to the standard. Shear test of solder
joint using by the solder resulted that the shear strengths after thermal shock or after aging were not much
lower than the shear strength of as-soldered and that they were also up to the standard.
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Table 1. The standards of foreign countries.
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(1) A=A E
B A1 F Aol & Sn-3,0Ag-0.5CuE 59 £8-S
135°C, 180°C, 220°CE A 2 T2 oﬂ HE=
o FYste AFAFHE AZste <l
BT dujd e A3E Eg2 Sn—O.7Cu
28 AHEE B A A E 180°C+10°C E &
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Standard Country Contents
JIS Z 3198-1 Japan Measuring of melting temperature
JIS Z 3198-2 " Tensile test
JIS Z 3198-3 " Spread test
JIS Z 3198-4 " Wetting balance test
JIS Z 3198-6 " 45° pull test of solder joints on QFP lead
JIS Z 3198-7 " Shear strength of solder joints on chip components

IEC 600068-2-14
IEC 600068-2-69 "
JESD22-A100-B "
JESD22-A104C "
JESD22-A106B "
IPC-A-610C "
MIL-STD-202C-107
MIL-STD-202F-108 "

International

Thermal Shock

Wetting balance test

Cycled Temperature-Humidity-Bias Life Test
Temperature Cycling

Thermal Shock

Joint observation

Thermal Shock

Life Test(at elevated ambient temperature)
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Fig. 1. The Geometry of tensile specimen and the casted solder material.
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Fig. 2. Meniscograph method (wetting balance).
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Fig. 3. Time sequence explanation figure of test operation
items.
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Fig. 4. Schematic figure of the spread ability test method.
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Fig. 5. Geometry of the components

Table 3. Specification of materials used for tests

Package

QFP

Lead Frame material

Plating material

Cu, Kovar alloy 42
Ni-Pd, Sn-2.0Cu, Sn-0.3Bi

Plating thickness 5~16 pm
PCB substrate Materials PCB(Print Circuit Board) FR-4
Thickness 1.6 mm
Ni: 2.54~7 ym
Surface treatment Au : <0.7 um
Package MLCC(Chip)
Lead Plat¥ng mjaterlal 100Sn
Plating thickness 3~4 uym
Materials PCB(Print Circuit Board) FR-4
PCB substrate Thickness 11\116 1;?4 7 um
:2.54~T u
Surface treatment Au : <0.7 pm
Package Connector
Frame material Cu, Kovar alloy 42
Lead Plating material Nf—Sn, Sn .
Plating thickness Ni-Sn — Ni : 1.3 um >, Sn : no rule
Sn— Sn: 7.5um >
Materials PCB(Print Circuit Board) FR-4
PCB substrate Thickness 1.§ mm
Surface treatment Ni: 2.54~7 um
uriace trea Au : <0.7 um

nlo]Z2 AR} B 7| A EF A A 1448 25 (2007)



A vl o 2=

wg gkl 2 glong Bl A= go
U B AT E Sp-0.7Cu ZAIY ER 4 225}
A (flow profile) ol €17+ 100+5°C, B AL ==
25545°C, AAA 7Y 4+1%, £ % 1.0~1.4 m/min, =
2= RMA¥ (type)S AHE-3FA T o, QFP 2 3
HEY B E225 £01¥ dof| ZIAE o &
AAHAS ST MEH ABE Y EAL 2He
ZE(ot)ellM AT EHE o] & JFFFA H
7V3tal BIMA R H & 107) ©]/de] 1R EE
AHEE A TS

Q) HEE 29 2T #F

EHzEdge] 739 QFP, MLCC, connector 7
o &0 ZUS dv|FoE Ao, BE,
g 59 4% 7S sz, EaE A
o] 4% IPC-A-610C 7|5 3l #2385
ok Al AYE B A gslgon 28T Fe
B 2R A A, 2ol Fo)E Fet

ST

(3) BRI =H7}

QFPE JIS Z 3198-6"4| A et FH 02 =17 6
(@4 epd whe} o] AR &AL, A9
(Connector)¢] 739 7188 233 oA =
715 AHEs] AdE 9 &0 H R} o] &
2]d W7x] 458 S 7iete Zlgg BE 39 ¢
= AEE ZA3AUHZ ™ 6(b)). 233 MLCC
(Chip)= 29 79014 Uebdl vho} o] ATAIE R
T8 Al & A4skn

(4) €% A (thermal shock)A E

Fig. 6. Joint strength evaluation by (a) QFP(pull test) and
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A

S HrplEel S AT 27

)

PCB Aupad

(a) Front view (b) Side view

Fig. 7. Joint strength evaluation by chip shear test.
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Fig. 8. Thermal shock test method.
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Table 4. MIL-STD-202F (Method 108A)'?

AE - Yo - Qg

Temperature and tolerance

Temperature and tolerance

°C °F °C °F
7012 (15843.6) 15043 (30245.4)
8512 (18513.6) 2005 (392+9)
100+2 (212+3.6) 350, tolerance as specified. (662, tolerance as specified.)
12543 (257+5.4) 500, tolerance as specified. (932, tolerance as specified.)
Test condition name Length of test, hours Test condition name Length of test, hours
A 96 G 3,000
B 250 H 5,000
C 500 I 10,000
D 1,000 J 30,000
E 1,500 K 50,000
F 2,000
AF A= B9 dIE27t 135°C>180°C>  3.0Ag-0.5CA 2T} 10MPa A= WA Yebstth(2
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Fig. 9. Tensile strength of Sn-3.0Ag-0.5Cu and Sn-0.7Cu.
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Fig. 10. Microstructure photograph. Sn-3.0Ag-0.5Cu (a) mold 135°C, (b) mold 180°C, (c) mold 220°C, Sn-0.7Cu (mold

: 180°C) (d) x100, (€) x500.
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Fig. 11. Wetting balance test.
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Fig. 13. Cross section photograph of connector.
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Fig. 14. Joint strength resulted from the various test

methods at various test conditions.
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Fig. 15. SEM analysis of 2012 chip after thermal shock.
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QFP Lead
{Cu alloy)

Fig. 16. SEM analysis of QFP after agiﬁg.

Table 5. EDS analysis result of Sn-0.7Cu solder joint.

Component Element Atom (%) Wt (%)
Sn 72.49 83.12
base phase
Cu 2751 17.88
MLCC Sn 60.59 73.4
boundary phase Cu 24.69 17.15
Ni 14.72 9.45
Sn 47.01 61.97
base phase
Cu 52.99 38.03
QFP Sn 72.6 78.7
boundary phase Cu 24.93 19.51
Ni 2.47 1.79
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