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DIP SOP QFP

1/O
BGA CSP
CcOB flip chip
active area bump
substrate 1-1
1/O
molding
coefficient
of thermal expanson CTE S 25 ppm/ FR-4 185
ppm/
underfill
1-2

€POXY
70 ppm/

slica filler



20~30 ppm/



2 1 FI i p Chi
active area
[ 1]
TAB wire bonding Isotropic
and anisotropic adhesive
IBM
IBM 360 4
control-collapse-chip-connection 5wt% Sn —
9Bwit% Pb 312
240
63Sn/37Pb
sf-aignment
S 2.5ppm/ FR-4  18.5ppm/
underfill
2-1
2 2

Rao [ 2]



Young' s modulus Yi [ 3]

Qan [ 4]

Young s modulus

Darveaux
[ 5] molding compound liquid
encapsulate print circuit board laminate with solder mask
die attach epoxy
elastic modulus LPI
solder mask dry film
Ren [ 6]

Lau [ 7] DSC TMA DMA TGA

1. filler

3. Tg



2 3
Tay Cul[ 8]
Yao [ 9]
Weng [ 10]
slicafiller
Mori — Tanaka
Qu Wag 11] Mori —
Tanaka
2 4
Wang [ 12] lap shear
Gladkou
Bar- Cohen[ 1 3] lap shear
Gektinf 1 4 ] Coffin — Manson
Ren [ 15]



warpage

elastic model
elagtic-plastic model
Da Ho[ 16]
Qu 17]
2 5
1999 Lau [ 18]
fillets

Imperfect

shear
Liu Me[ 1 9]

encapsulation cooling moisture absorption
soldering Dai [ 20]

double cantilever beam DCB

Fan [ 2 1]

Wang [ 2 2]

Yeo

die

wave



Lau [ 23]

6 Overlap Elastic Analyses
Volkersen Goland  Reissner single lap shear
overlap [ 24]

transverse tensile stress

two dimension

square spew fillets
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Adams  Peppiatt 1973
45
overlap 45
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2 7 Overlap Elastic plagtic

Analyses

Hat Smith
iterative method
2-6
2 8
Mylonas  DeBruyne T+
overlap breaking load F overlap
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Adams  Peppiatt
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3 1.1 Instron-8848
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control system)

servoel ectric actuator
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+ 0.1
+ 1 micron
+ 0.005 micron
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(digital
digital
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MINITON
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3 2
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Chip Technology DRAM overlap  gap
312 150 micron Undexfill
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curing
FR-4
overlap underfill 33
34 35

1 underfill  -40

1
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10
3. FR-4 120
30 FR-4

4. (underfill)



FR-4

5. dispenser  underfilll

6 mMMX6 mm
6.
7. FR-4
8. underfill

(curing profile) 165
0.
10. overlap
11. CN
3 3

precondition

3-6

3 3.1
ASTM-3156-91
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30
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4-1

0.485 mm
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10“mm/sec 102 mm/sec

6.358 kgf 8.271% 0.017
mm 3.63%
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FR-4
FR-4
FR-4
4-1 4-2
FR-4
4-2 4-3
FR-4
FR-4
4-1
FR-4
crack propagation
FR-4
redistribution
FR-4

4-3 4-4 4-3 10% mm/sec



77.42 kgf

0.403 mm 4-4 10 mm/sec
84.817 kgf 0.509 mm
4-3 4-4 4-1
10" mmy/sec 10
mm/sec 7.397 kgf 9.55%
0.106 mm 26.3%
10 mm/sec
FR-4
0.612 kgf
0.065 mm 10 mmv/sec
FR-4
1651 kgf
0.024 mm
44 45
FR-4
FR-4 41
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25 /60%RH

10 mm/sec 10 mm/sec
4-5 4-6
4-6 4-5 10 mmy/sec
52.448 kgf 0.336 mm
0333 mm 10 mm/sec
0.438kgf 0.83%
mm/sec
4-7 4-8
4 1
FR-4
FR-4
4 1
10 mm/sec
4 1 24.36 kgf
31% 10 mm/sec
30.28 kgf

46 10% mm/sec

52.886 kgf

10 mm/sec
10
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4 1
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4 1
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4-7 4-8
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57.766 kgf 0463mm 48 10 mmv/sec
61.565 kgf 0.384
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5318kgf  8679kgf  10.13% 16.41% 4 2

19.654 kgf  23.252

kgf 2538%  27.414%
49 410
FR-4
4 1
25/ 95RH
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10 mm/sec 10 mm/sec
4-9 4-10
411 49 10° mm/sec
44.688 kgf 0306 mm 410
10 mm/sec 47.887
kof 0.282 mm 4-9 4-10
3.199
kof 7.15%
4 3
10 mm/sec
FR-4
7.76 kgf 14.79% 4 1
32.12 kgf
41.81% 10 mm/sec
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35.279 kgf
42.41%
4-12 4-13 4 3
FR-4
4 3
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4 5 4-11 4-12
4-11 4-11
59.386 kgf 49 14.698 kgf 32.89%
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FR-4
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4 7 660 RH

413 4-14
416 10° mm/sec
48192 kgf 10" mm/sec 52.188kgf  3.996 kgf
7.65% 45 4-6 4-1 4-2 10
mm/sec 60 25
4256 kgf 811 28616 kgf ~ 37.25 10" mmy/sec
0.698 kgf 1.31 30.978 kgf
37.242
417 4-18 10 mmy/sec
FR-4 10°*
mm/sec
FR-4
60
25
FR-4
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4-16 4-13
5918 kgf  10.868 Kgf

FR-4

4-15 4-16

kgf 30.1%  21.761 kgf (25.65%)

FR-4

4 9 6/09 5R H

4-17
417  10° mm/sec
49 25 /95 RH
kgf 12,01
48.81
4-22
FR-4

4-14
FR-4
43 44 23.31
4-19 4-20
4-18 4-21
39.317 kgf
44,688 kgf 5.37
41 37.491 kgf
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4 10 6M5RH

4-19 4-20
421 10 mm/sec
16.288 kgf 29.29% 10* mmv/sec
2389 kgf  37.83% 415 416
1.495 kgf  0.094 kof
268% 1.48%
FR-4
4-24 4-25
FR-4
FR-4
FR-4
FR-4
4 11
4-26 10 mmy/sec
4-27
4-28
427 60 9 RH 60 60 RH
428 60 95 RH 60 60 RH



4-29 102 mm/sec FR-4

4-30 4-31
4-30 4-29
60 60 RH
4-32 10* mm/sec
4-33 4-34
4-33 4-34 60
95 RH
FR-4
FR-4
4-35 10* mm/sec FR-4
4-36 4-37
4-36 25 95 RH 60 95
RH 60 60 RH 4 10
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Displacement(mm)
-2 -4
4-21 60  95%RH 10° mm/sec 10" mm/sec

N FR-4 S



4-22 60 /95%RH/10e-2/S

4-23 60 /95%RH/10e-4/S



4-24 60 /95%RH/10e-2/N

425 60 /95%RH/10e-4/N



— /10e-2/S

8071 .« 25%/60% RH/10e-2/S
] 25°C/95% RH/10e-2/S
—+—60°C/60% RH/10e-2/S

60 —

——60°C/95% RH/10e-2/S

40

Load (kgf)

20

T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

Displacement (mm)

4-26 102 mm/sec

85 /10e-2/S

25°C/95% RH/10e-2/S

80 25°C/60% RH/10e-2/S
75— E

0
60C/60% RH/10e-2/S
70
j 60C/95% RH/10e-2/S
65 |
60 -

55

o [}

!

40

Load(kgf)

35

30 , . , . , . , . ,

4-27 102 mm/sec



0.60 7 _ /10e-2/S
0.55 - 25°C160% RH/10e-2/S
0.50 25°C/95% RH/10e-2/S
1 s 60C/60% RH/10e-2/S
= 0.45 0
e i 60C/95% RH/10e-2/S
E o040
o —_
= i
0.35 -
g
8 0.30
@ i
o i
& 0257 I
O 20-
0.15
0.10
T - T - T - T - T
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4-28 10° mm/sec S
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ol — /10e-2/N
| —=—25"C/60% RH/10e-2/N
807 25°C/95% RH/10e-2/N
70 { —+— 60°C/60% RH/10e-2/N
—— 600C/95% RH/10e-2/N
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-
5 |
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8 40+
| i
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20
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Displacement (mm)

4-29 102 mm/sec N FR-4



Load(kgf)

Displacement(mm)

31

85

80

75

70—

65 —

60 —

55

50 —

/10e-2/N
25 °C/60% RH/10e-2/N
25°%C/95% RH/10e-2/N
60C/60% RH/10e-2/N

0
60C/95% RH/10e-2/N

0.8

0.7

0.6

0.5

0.3

0.2

/10e-2/N
25 °C/60% RH/10e-2/N
25°C/95% RH/10e-2/N
60C/60% RH/10e-2/N
60C/95% RH/10e-2/N




Load(kgf)

100

— /10e-4/S
25°C/60% RH/10e-4/S
—=—25°C/95% RH/10e-4/S
] —+—60°C/60% RH/10e-4/S
——60°C/95% RH/10e-4/S

60
40
20
0 T T T
0.0 0.1 0.2 0.3 0.4 0.5
Displacement(mm)
3R 10" mm/
mnv/sec
90
/10e-4/S
L1 25°C/60% RH/10e-4/S
80 -
25°C/95% RH/10e-4/S
] 60C/60% RH/10e-4/S
0
70 60C/95% RH/10e-4/S
= T
2
< 60
S
< i
o
J
50 E
40 I

30 T T T T T T T T T



Load(kgf)

Displacement(mm)

0.25

0.20

0.15

/10e-4/S
25°C/60% RH/10e-4/S
25°C/95% RH/10e-4/S
60c/60% RH/10e-4/S

0
60C/95% RH/10e-4/S

-4
A 10" mm/sec S
tood — /10e-4/N
25°C/60% RH/10e-4/N
—o— 25°C/95% RH/10e-4/N
80

60

40

20

——60°C/60% RH/10e-4/N
1 —=—60°C/95% RH/10e-4/N

0.1 0.2 0.3 0.4 0.5

Displacement(mm)

10* mm/sec

FR-4



95

90

85

80

75

70 —

65 —

Load(kgf)

60

55

50 —

/10e-4/N
25°C/60% RH/10e-4/N
25°C/95% RH/10e-4/N
68C/60% RH/10e-4/N

0
60C/95% RH/10e-4/N

45 T

36

0.65

0.60

Displacement(mm)

/10e-4/N
25 °C/60% RH/10e-4/N
25°C/95% RH/10e-4/N
60c/60% RH/10e-4/N

0
60C/95% RH/10e-4/N

0.20 T

37

FR-4

FR-4






