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Abstract

Plastic and creep deformations of solder joints during thermal cycling are the main factors of misalignments and
power losses in optical telecommunication components. Furthermore, the increased mismatch between solder joint-
bonded areas may cause severe failure in the components. Darveaux’s creep model was implemented into a finite
element program (ABAQUS) to simulate creep response of solder. Based on the finite element results, thermal fatigue
reliability was predicted by using various fatigue life prediction models. Also, the effects of ramp conditions, dwelling
time, and solder joint-embedding materials on the reliability were 1nvest1gated under the thermal cycling conditions of
the Telcordia schedule (-40~75TC).
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Table 3 Scale factors under different ramp rate conditions
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e-f 1.0 2.0 2.6 1.0 1.0 1.0
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goa 4 k. Fig. S(c,d)y= FA Ao}l oA
of mat I, &4 WMol FpstA a2 Aol
7t AeldE vehdzn gl

Table 3 & 12 Ate] &M ] 52, Yz} SExd
o Y ¥EgER 44 E“;%‘%—J wstgg 7z
Lx F7HA HAgtoz ?‘4-ﬁ‘§}(normahzatlon)?5L
A3E Uik 3y WUy ES A ¢ (ab) EE
(e-NQ +75CHA Tt M= 50C/min o A7)
1C/min & ZA$8c} oF 2.7 Wl Z7159 ) wgl
(b-c) ¥ (fg)d B F7AM= 1CT/min 9 4
97F 50C/min & A$80 A BigdEo| <k 195
vl S7tehs 4§ Aok 44 WYY AS (d-
e)2 5& FztlA 10C/min, 50C/min L] 7]
T 375 (scale factor)% Zt7}t 53,33 & YERAITH
uetd Y HFES 52 TET ¥7 73l
AN L& xo o] & yhd, 24 WYEL 5
SN LE&Ee] gl FE ¢ .

2o ZREY F2rgE Fokar] YEre &
% Ato] oA HAEE F7F 2Y ¥EEH 51
424 HEE) U E Falojok st} Fig 62
T, 1%17—% 57} 1CT/min 9+ SO0CT/min  ©J A2
Mises 8ol W& 57+ 29 AYEHN 424 WEE
o EstE Yehdth  (0-a), (b<c), (d-e), (fg) B (h-i)
T4 2ol &3 Al 57t AY W Ee
b7 3& ¢ F Atk ®F, 24 HYEL Y74
of S7hE&Y WVt A F2 & 5 Ao EF
s, 947 57t Fotgd wel s Wzaig
AY ¥sigo] £3 X AlzHeete] Ay Wil
F7hle Ags 24e 4 5 A

Fig. 7 & 52, 97 $%7} 1 C/min, #AAZH 1
A o EHE fEd EFvUE aAF A
57t A9, 24 ¥HETS Mises $H t’rﬁla
Yebich  Fig. 6 o =9} AAHA HFe
vl stA ek Zoe] EAFASF Feld 5 F AtolF
Srell M A7 F7HE Zo] Hold & & F+ Uk

u o



682 oldd - dFY - olFt - AW - AFA - 47

204 b o e e —o— 1°C/min —=°— Grin lens : Glass
g """" 20 4 : Alumina
S 104 @ %
n 2 104
0 1
@ 7]
2 o] o
= 80
§ 101 z
s | €10+
o4 / 2208
< £ wuf .
-30 — T — 1
0.000 0.005 0.010 0.015 0.020 30 T T —— .
Equivalent Creep Strain 0.000 0.005 0.010 0.015 0.020
q Equivalent Creep Strain
(@) @
204 —=—1°C/min — o — Gfin lens : Glass
] 2% Holder : Alumina
0
g 8
ﬁ 104 @ 1o, q
2 &
3
2 o ?
= @8 o0
HED =
2 § -10
Z 4
3 .20 E
&) 2 -0 J
.30 . . r y , “ 1~
0025 -0.020 -0.015 -0.010 -0.005 0.000 0.005 -30 ; T T T T \
Equivalent Plastic Strain 0.025 -0.020 -0.015 -0.010 -0.005 0.000 0.005
9 Equivalent Plastic Strain
b
® ®
o
20 1 50°C/min ~—e— Grin lens : Glass
[ 20 4 Holder : Glass
L4 a . "
£ 10 @ y
& £
[ &
g o i 9
= o
E 10 2 =
2 i e
2 8
- g
w S
3
-30 T T r T T ) w
0.000 0002 0004 0006 0.008 0010 0.012 30
Equivalent Creep Strain 0.000 0.605 0.010 0.015 0.020
Equivalent Creep Strain
©
©)
20 —+~—50°C/min
— ¢ — Grin lens : Glass
8 201 Holder : Glass
2 10 l @
s
N £ 404
] 73
2 %7 g
= = 1
- j =
£-10 <
2 & -104
21 2 -201
g ] &
-30 — T T T T ) -30 r T . T T .
0015 -0.012 -0.009 -0006 -0.003 0000 0.003 0025 -0.020 -0.015 -0.010 -0.005 0000 0.00§
Equivalent Plastic Strain Equivalent Plastic Strain
(d)
X L @ . . Fig. 7 Variation of Mises stress with equivalent creep
Fig. 6 Variation of Mises stress with equivalent creep strain and equivalent plastic strain for different
strain and equivalent plastic strain at 10°C/m and holder materials

50C/m



utet ek e oulolae] W7)RA] &1 zZAE

Table 4 Equivalent and shear strain increments

under the various conditions

Ag, Ag, Ay, Ay,

22 | 1C/min [ 0.0050 | 0.0076 | 0.0087 | 0.0132
Wzt | 10°C/min | 0.0082 | 0.0044 | 0.0142 | 0.0076
Z£% | 50°C/min | 0.0052 | 0.0024 | 0.0089 | 0.0041
g |_10min_]0.0049 [0.0073 | 0.0085 | 0.0127
Az 30min | 0.0050 | 0.0075 [ 0.0086 [ 0.0130
| 60min | 0.0050 [ 0.0076 [ 0.0087 [ 0.0132
Glass | 0.0043 | 0.0068 | 0.0075 | 0.0118

Z9 | Alumina [ 0.0051 | 0.0077 | 0.0089 | 0.0133
SUS 0.0050 | 0.0076 | 0.0087 | 0.0132
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Table 5 Predicted fatigue lives of the solder joint

Solomon'" /I;'(’)ff(ﬂt) P:f (ng):I
PP 1’?/mifl 24661.33 674.11 656.18
Aax 10C/min 9135.69 1167.16 | 1034.94
N 50°C /min 23155.66 2147.72 | 1965.42
2% 10 min 25469.85 702.93 684.05
N 30 min 25162.06 686.04 667.83
60 min 24661.33 674.11 656.18
Glass 32883.71 751.23 734.45
e Alumina 23518.88 667.33 648.91
SUS 24661.33 674.11 656.18
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