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Abstract: In this study, the characteristics and error ranges of the mechanical bonding strength were
analyzed according to before and after thermal shock test for various chips of automotive application
component using Sn-3.0Ag-0.5Cu solder. In the after thermal shock test, the mechanical bonding
strengths tend to decrease, meanwhile decreasing rates of mechanical strengths were less then 12% at
specimen’s bonding area below 3.5rm'r:2. and were from 17 to 21% at specimen's bonding area above 12
mm’ On the other hand, Specimen’s mean deviation rates were about 5% at specimen’s bonding area
more than 12 mm® Inversely, at specimen’s bonding area is less then 35 mm’, mean deviation rates
were increased to about 8%. It means that the smaller device size is, the larger mean deviation rate. In
addition, error ranges and deviation rates of the mechanical bonding strengths may differ slightly
depending on their bonding area. Furthermore, process conditions as well as method of mechanical
reliability evaluation should be established to reduce the error ranges of bonding strength.

Keywords: Thermal shock test, Mechanical bonding strength, Lead-free solder, Automotive application
component, Error range, Reliability evaluation
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ot A FroxE FHF3 EEe| 3o, Sn-Ag-Cu
Alel &7t 71 wol ARRH R o [1,2].

2o AFa AZEE (automotive application
component) B 7| - AARFEL FA A5, 3
Btbast Ago Qi EAH-7|AH A o
g FHofHol dFEH Uk welA, AR AAH
dgsHE 37 A=A G €433 Al¥ (thermal
shock test)& &3 71A1H AA Hrtdl dig 7|&
o] guxEojof g} 7|ES AT FA&d HEA
Hol| A= F573FE (intermetallic compound)
o dig A7/ gdsA AB=HD oy, AA F
d&d A& AFY A4 Hotel A AEE vy
d ARt 53|, A AFEEFY A+ g A
71- A2 BFo] HF R 71E5FH A x=FH
7] Qe AP AY = e AES B 7}
Z3 z=do] 877 £ Ul SR A
A A APy £ HFE o839 A AFY
A4 R E A8 =8 7] Lol 3o [34].

meld, ¥ Ao Sn-3.0Ag-05CuAdl F4<&
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Fig. 1. Image of specimens. (a) QFP1, (b) QFPZ, (c) Rl
chip, (d) R5 chip, (e) AN chip, (f) HB chip.
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Fig. 2. Temperature profile of thermal shock cycle.
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Fig. 3. Schematic diagram of pull strength test.

Fig. 4. Schematic diagram of shear strength test.
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Fig. 5. Cross section of solder joints; (a, ¢, e, g, 1, k)
before and (b, d, f, h, j, 1) after thermal shock test.
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Fig. 6. Mechanical strength of before and after the
thermal shock test. (a) QFP1, (b) QFP2, (c) Rl chip, (d)
R5 chip, (e) AN chip, (f) HB chip.
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Table 1. Variations of mechanical strengths.

Speci | Joining A BRO0 Variations rset[d'zgg(t:l
men | Area Thermal shock (N) rate
(mm’) | Before |  After (%)
AN 128 1498 1246 252 16.8
Rl 12.0 139.8 110.1 29.7 21.3
HB 35 49.1 479 1.2 25
R5  3.00 356 323 33 9.2
QFP2 05 122 10.8 14 115
QFP1 03 110 10.0 1.0 9.0
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Fig. 7. Chart of mean deviation & mean deviation ratio.

Table 2. Mean deviation ratio of mechanical bonding
strength.

Mean
Spee  Thermal Max  Min ;‘f"“u‘: ge“’“d‘j'd Deviatio
imen  shock (N) (N) l:f ‘:} o0y Rate
i (%a)
Before 1604 1425 1498 77
AN 42
After 1302 1203 1246 32
Before 1505 1314 1398 76
R1 59
After 116.3 99.3 110.0 6.9
Before 54.2 453 49.1 37
HE 85
After 525 409 479 46
Before 385 319 3H.6 31
R5 82
After 35.6 29.1 323 25
Before 119 96 108 1.0
QFP2 88
After 114 91 10.0 0.9
Before 128 113 12.2 08
QFPI 6.3
After 114 97 106 07
FF B A FES g4z Ad Eo|, 4
&, & ua 'iT"E 59 ZUEE AgL A

sto] REo 7|9 wAG] WE Qe BF
A3 3AzD 2 AR A4 F7 7Ee Bhe
o A=A Bt 71He ANSFLA B
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€ AF9AE Sn-3.0Ag-05CuAl FAEHE °] &
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& AFA AFEES €9 HIF9 g% A7)0
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1) €32 Ag A-F A¥ EF Hol= & %7] 1
Mogolv, AgHe o] WA P AL
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2) €34 ANF F Aud 71AH HEAE7 Dol
c AE AT + yA.

3 €73 ANE F 7IAF AAEY #AEL €4
A HAHo| 35 mm’ olstel A E 12% o]5te] 7
288 BgoH 12 mm® o] ME 17~21%°]
ZAAEE BYY.

4) 43F3 ANF A-F AU HT UALL HPR
o] HAo| FolAFE AXE AFE HYoH,
ol HIYH7t vAIt €545 dAT HY A=
g fAEE Zo] e AL 4FPL 39
13t ot

5) € Agd AL AFA FF =7 F¥S
13 o FF HALL 5~8% W e
AL A A3

6) FF 5] vAss daggel we} 7143 Zx
2AEAE Y & Ae A=A % J1AH HE
B A= Bt 710l AAS o o & Aol
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