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1. Introduction
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2. Accelerated Test

AFY AP BFE AdAE AFY I fdAYS) digh ARrt o, ol
3t7] $3lA A8 71 AEe] £y ET. a8y I F FHAELS @2 AN u&E 2T
Al HEZ o8 dAs7] g;A 75 E (accelerated test) o] €l o] &5 i} 1R
ANAEE ARxARY o 2 38L& FH8t A¥ste dolt. ol AN 48 &
5E o] &3t FAAxANM AAHe] FFFHH AHE, IFE T FEI}T Aotk

=
PCB 919 &0 ZAE A AN §9 &2 FHHE 22 AFHF ARoE 7
A
=]

rlo ob Jfn

2
deo. 12y REEAR AP FHY olF F714 $YHE 1 AFE sy 4
$HL® 75389 Figureld Zo] 8 4 Aot Figure 194 3 £ 259 AF$

Yeba,



ol 4, At FuF 2EY / 329

14ol

120 4

100

80

40

Temperature(°C)

20+

-20 4

-40 — L

oA
-
=
]
%}
1=
ry
=}
o
o
3
~
I~

Time(min)

-Fig. 1 Heat cycles in impact thermal stress accelerated test(—40T~1257T, 1

cycle/30min)
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3. Inverse Power Relationship

A% #A2 (inverse power relationship) & A|F F3 & 7143 AEHAY 52 27
3t A)7)=d da AFLsta ot 1EE AEHA ¥ 2 oy A u, AT 9
7} AEHA 7+ inverse power relationship oS3 2t}
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z(2)=(A'/2)" = A" (2/2)" (2)
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4. Failure Probability Model
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Y < Define LSF and assume initial value
of the design point

m—
- X, —pp Compute mean and standard deviation
R — of equivalent standard normal space

GI, ‘

Cnmput.e partlal derivative at the design point

» *
oz} (92} o < Compute partial derivative
éz*‘ - 'a'Z X in the standard normal space

Compute new values at the equivalent
standard normal space
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Compute the reliability index 18
Compute the new design paint

dl(—ﬂ)ﬂ -y Compute the failure probability |

Fig. 2 Processing of computing the reliability index
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2 °‘1:|"°ﬂ/\1“ Coffin—Manson Equationg H#EZ 02 WHAs HA&FH7F o024 AL
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Z=N;— N, )

Ny=Co F7s (AD“"exp( R;? ) ®)

4714 N,z designed life, ]V}l:— failure life, C, m, n< material constants, F&

frequency, AT temperature range, Q¥ activation energy, R& 71A] Ageolt},

6. Weibull Function Model

SolBREE X9 Fust dastel ol FEEA AGAANI Soldtn FEAEY
57 $8a 0z gRd vad £287) HE AYHEA ) 3 ol o] §HE £
Eolth(1].

29 FolEREE AE3SE FARgGEEX o
Cumulative failure distribution :

2y

V)= 1—0.5(Nf )

where,

F(N) . acceptable cumulative failure probability for the component under
consideration after N cycle
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N : expected product service life, cycles of operation

a . Weibull shape parameter, slope of Weibull probability plot

7. Experimental Procedure

B AF = Figure 391 YeEld A3 & BGAE AR Figure 494 RAXE
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Fig. 3 BGA chip (mpc860) used in this study

BGA 719 & wIZhIZEe &U s 71% Alole] BFAST Ffolo] ste] &H 7]
# Atole] Fho] WAYTH= o] FH o] YUrk(6]. wtetd B AT eNME ABFASF o]
oA 9% &dg JlBAtele] hEe] A% WA AF FHE ZAFOEA &9 2JAEY 3
& AUZS FFHoz TRty

it

AHY A7lE 150mmx150mm ©]2 FR-4 REZE A4t SnPb £t ZJAES
SAC &t XUEQ AEL 0.76mme] 1 £t FQAEZY pitchE 1.27mmE 8%t BGA
= mpc860 chip®]lX 25mm square size®]™ 361 balls7} A& o] ¢t
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Fig. 4 Schematic of daisy—chain surface mounted BGA
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Fig. 5 Newly manufactured thermal impact experimental apparatus
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Table 10 Figure 50 Utebd A8 Fule] AQn Q5o tste] 71&stsch

Table 1 Specification of thermal impact experimental apparatus

Temp. Range -50TC ~200TC

Moving Rack 250X 250X 250mm
Size High Temp Room 400 X400X400mm
Low Temp Room 400 X400X%400mm

—High temp up time RT~2007TC/50min
—~Low temp up time RT~—507T/70min

—Temp Return period 5Smin

Temp. Range
(up—down)

Temp. Sensitivity | £2T

8. Case Study

A70l4 AH4# Table 29 e &N B Fohol Y gol= ol E o g3l o
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Fig. 6 Relationship between the frequency and the mean life using SnPb
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Fig. 7 Relationship between the frequency and the mean life using SAC

Figures 8,9% SnPb&tl9 SACETH Y n@S T3t Axo|t)

Fig. 8 Relationship between the deita of temperature and the mean life using SnPb

6.6
]
641 = Tmax: 100
6.2 * Tmax:120
linear fit of data(100)
6.0 4 — linear fit of data(120)
5.8
) -n=-2.274
5 56 :
c .
5.4 -
52
5.0 4
4.8 Ave:19
.
46 T T 1 v T M T T T v T T T T 1 ~ T
42 43 44 45 46 47 48 49 50 51
In (AT)



o)A, s, = E,HTY / 337

6.0 = Tmax: 100
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Fig. 9 Relationship between the delta of temperature and the mean life using SAC

Figures 6~9& &3] Table 29 & +3t3t}.

Table 2 Random variables, their means and C.0.V. used in the example

Variable Mean (SnPb) Mean (SAC) C.0.V.
m 0.34 0.66 0.02
n 1.9 1.2 0.02
Q 15.5KJ/mol 28.8KJ/mol -
F 2cycle/hour 2cycle/hour -
C 0.5 -
R 8.3115J - K™ ~
AT —40 ~ 125 -

HF5AS(C. 0. V., coefficient of variation) = t&3} Zo] Aoz}

(10)
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9. Results and Discussions

—u— SAC Solder
044 | o - SnPb Solder
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a
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Fig. 10 Change in resistances of SnPb and SAC solders with respect to time

Figure 1094 Jebd A3} o] & 74 Ro|Z F SnPb Solder 9 SAC Solder®] A&
A7t 718 & 4 3dth 20cycles7HAE SnaPb Solder 2 SAC Solder®) A@X]7t 0.273
2 & o7} Aoy, 20cycles T3] FolSn—Ag—Cu Solderd A&X]71 0.87HA F
7}8te & 49Ut} o] 24 SAC Solder7}SnPb Solder o uls] Alzto] AE52 &0 ZUE
7 Al 7 BAX W3 276 AVIER Aol ASES € F Utk &6 XAEY
A8 Z71E= chip? substractte] 713 dd58 & AstAZth. SAC Solder?t SnPb
Solder Bt A @9 F71E Holmg A7NF AZ FFol AbES ¢ F Uk Aeol A
gdElmg Al o] Attty BrtE = Yo

Figure 11 & FORME o] &&lthermal fatigue lifeo] @& SnPbs} SACS] H&Eg8E9 ©
g RAgFa Y.
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Fig. 11 A relationship between SnPb and SAC by thermal fatigue life using FORM
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Figure 1194 ¢} Zo] thermal fatigue life’} 42 F£852 7A4LTS & 5 U
thermal fatigue life7} 1200cyclese] &= H&gEo] A A 4TS & + Ao
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Fig. 12 A relationship between SnPb and SAC by thermal fatigue life using
Weibull function
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Figure 12°]A %} 9] thermal fatigue life’} 2% &85 4428S ¢ & UL
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Figure 13 FORM3} Weibull functiong ©]€3] thermal fatigue lifec] @& SnPb$}
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Fig. 13 A relationship between SnPb and SAC by thermal fatigue life using FORM
and Weibull function

1200cycles 7FAl Weibull function® ©]-&3 3882 W3l thermal fatigue life®)
Wi slo] M7 A w83t FORMS ol &3] U2 w&sEo] W3l vs) & 7172 g4d
t}. SAC solderd] tdislAlE FORM#} Weibull functionS o] &3 A#E vlusl] 19 &

dZo] A9 dAA = thermal fatigue life7} 242t 750cycles 1200cycles®E & Aol &
Holx 9t}

10. Conclusions

B A E 7HEARE 53 79 3E fAHYUEZE o] &, FORMI Weibull Function
Model& A-£38to] thermal fatigue life &71°] SnPb 9} SACET ZAES & E n)
AE 4FS AAHoR FHEste] g3 22 2L I

=2 T
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1) 7AEAB L 8 SnPb £t] 2UAEY & dAUF F FF g8 22l 7@
Agel FMYS FE3AT
2) thermal fatigue life’} & 20 ZJEYFE SnPb & SAC £¢ RJAES &8

gol Zagg I

3) FORM# Weibull function® £ #4338 5852 1200cycles o] F g FU3}
o 7 AoE @& 3ojrt &S Lo

2 AFAE +4d APolEs} Hoj Ausasldle mug Fo| gk AF Aol
A= o 27 AYL 5o A dolHE FAs m, ng # AR Yol NAEE P
A & Qe wkel el A7 AYolk,
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