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CTE MCS Metal Core

Substrate Fig.3.1 MCS
3ppm/ 16ppm/
FC

Plated Through Holes PTHs
Interstitial Via Holes IVH

H MCS
CTE Table3.1 MCS1 MCS3 Fe/Ni Alloyl
Alloy3 CTE 1.5ppm/  4.5ppm/  10.4ppm/
MCS
3.1 12
- > (Et)
> (1)
o - 2 D) 3.1)
2. (Et)
FEM
50mm MCS
25 150 CTE Fig.3.2 MCS
CTE FEM
3.1 Fig.3.3 FEM
MCS (o P
At 200
100pm
MCS1 MCS3 CTE
3.5ppm/  5ppm/  10ppm/ Table 3.3
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Interstitial Via Hole (IVH)

Plated Through Hole (PTH)

|— Copper
Polyimide

Metal Core

Adhesive

Fig.3.1 Schematic Cross-Section of Metal Core Substrate (MCS)

Table 3.1 Material properties for calculating CTE of metal core substrate

Materials I\\;I(())lérlllguss Poisson'’s CTE (pom/
Ratio (PP )
(GPa)
Pl 7 0.35 18
Copper (Anile) 20 0.30 17
23(25 )
Adhesive 05 (150 ) 0.40 ( )
0.2(200 )
MCS1 I Fe/Ni Alloy1 145 0.30 15
MCS2 I Fe/Ni Alloy2 147 0.30 45
MCS3 = Fe/Ni Alloy3 200 0.30 10.4
m Copper 18 um)
6layer MCS O Polyimide ( 13pum)

Adhesive ( 35um)
Metal Core 100 pm)

(Total thickness : 766 um)

44




CTE-A,r (ppm/

O N b O ®©

CTE of Substrate ppm/ )

=
o

20
18
16
14
12
10

ON b~ O O

L FR4 A m © Meas.

- —A& W% "EM Cal.

i MCS3

i MCS2

C SIEDIe

B MCS1

0 20 40 60 80 100 120

Thickness of Metal Core um

Fig.3.2 Relationship between thickness of metal core and CTE of Substrate
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Fig. 3.3 Effect of temperature on coefficient of thermal expansion of MCS
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3.2

Table3.2

11), 13)

FCOB FCIP
MCS FR4 FCOB
FC
FCIP FCOB
FR4
63Sn-37Pb
-45 150 5min
10%
FCOB Fig.3.4
Fig.3.5 CTE
CTE Si MCS1 800
Table 3.2 Specifications of FC packages
FCOB Model FCIP Model
structure| NN /
With or Without Underfill With or Without Underfill
Chip Si-Die, 12x12x0.6 Si-Die, 15x10x0.63
EC- 63Sn37Pb Eutectic Solder | 63Sn37Pb Eutectic Solder
Diameter: 0.2, Height: 0.14 | Diameter: 0.08, Height: 0.1
Bump Number: 96 (Peripheral) Number: 220 (Peripheral)
Inter ] MC1-MC3, FR4 MC1-MC3, FR4
€rPOSEr  13x13x0.76, 13x13x1.5 30x20%0.76, 30x20x1.5
63Sn37Pb Eutectic Solder
BGA Diameter: 0.5, Height: 0.4
Bump Number: 220 (Area Array)
FR4
PCB 32x24x1.5

46




Cumulative failures (%)

FR4
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MCS1 MCS2 3000
11), 14)
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0 1 10 - 100 1000 10000

Cycles to failure Nf

Fig.3.4 Results of thermal fatigue test of FCOB without underfill
(TST condition: -45 150 )
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Fig.3.5 Results of thermal fatigue test of FCOB with underfill
(TST condition: -45 150 )
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Fig.3.6 Results of thermal fatigue test of FCIP without underfill
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Fig.3.7 Results of thermal fatigue test of FCIP with underfill
(TST condition: -45
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FCIP FCOB
1/2 CTE
FR4 Fig.3.7

MCS3(CTE 1lppm/ )

13)

¥ Manson Coffin
FCOB

Fig.3.8
20 Nf 1500

Shear Test Equipment

AF=10% ~ 30%
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Nf Y
I v I :
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Fig.3.8 Isothermal mechanical fatigue test
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3.3 FC FCOB

13)

FCOB 2 FEM Fig.3.9(a)
Table3.3
3.2 Norton
An
4)
o, =81.54—0.18325T (3-2)

e=Ac" = A,c" exp(-Q/RT)

(3.3)
A, =3.29 x10"
n= 5 66 % 10 —-0.00288 T
' 3.4
Q/R =13180
25 150
3 5) 2
Asin
MCS1 CTE 3.5ppm/ FCOB
Fig.3.10
50pam MCS1
Ag;,, 0012
Fig.3.8
Fig.3.11 CTE
Si
Fig.3.12 10%
20% m 30 A
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! vv/ith or without Underfill

a) FCOB Model

| Si-Chip /
/

__MCSor FR4 Interposer

Inner Bump

l with or without Underfill

b) FCIP Model

Fig.3.9 FEM models of FC package

Table 3.3 Material properties used in this analysis

_ Young's Modulus| Poison's| C.T.E
Materials _
Gpa Ratio | (ppm/ )
63Sn-37Pb Solder 20 0.39 24.7
Si-Chip 175 0.26 3.5
MCS1 60 0.30 3.5
MCS2 62 0.30 6
MCS3 82 0.30 11
FR4 18 0.19 17
Epoxy Underfill 5 0.35 42
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Equivalent inelastic strain

; 200

£ 1oom
2 of
-100 ‘ : ‘ ‘ '
0 0.1 0.2 0.3 0.4 0.5 0.6
Time(h)
0.05
-— A. —
0.04
2AE
0.03 Inelastic strain
= Creep+Plastic
002 -— ._._._._._._.l(._.
Creep strain
0.01
Plastic strain
0
0 0.1 0.2 0.3 0.4 0.5 0.6
Time hour
Fig.3.10 Inelastic strain history of solder joint in FCOB
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Fig.3.11 S-N Curve of thermal fatigue in FCOB

52



30%

MCS FEM
35 Manson-Coffin

N, =0.062(Ag, )" 35

FR4 MCS1
FR
Fig.3.13 MCS1
FR4

o
=

———— | 12

N 208
~8_| MCS3 S 06
+ Mcs2 o
I~ | Nf-30% drop

~ 0
N MCS1 0 1000 2000 3000 4000 5000

0.01 o | e e

4
>

L 7
/

.~':<>
1

- D AN .:'uﬁ\.,_ 1 :
~~~~~ ?. m . I8 4. Mech. 30% drop

g v

. . 8 B

. . d
A g M3 Lo e [
L LR KW el
A
*el L AR 3 o] daa

. EBD ‘ I | r\

. e, .

5 .

.....

0
.,
......
"
ey

- N, =6.25x10°%(Ag;;) 20 11— +—Mech, 20% drop
\Mecr\]' 1\00\/()\d\rﬂﬁ

10 100 1000 10000
Cycles to failure Nf

Equivalent inelastic strain range

0.001

Fig.3.12 S-N Curve of thermal and mechanical fatigue in FCOB without underfill
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Inelastic strain

Inelastic strain
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Fig.3.14 Strain distribution at solder joints
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Fig. 3.15 Strain distribution at solder joints
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Fig.3.14
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P1 Fig.3.6(a) FR4
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Fig.3.16 Effect of dummy bump on warpage and strain at solder joint
(FCIP with underfill at 150 , interposer FR4)
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Fig.3.17 Fig.3.18

P2 P3
CTE Si
CTE FR4
MCS3(11ppm/ ) FR4
MCS3
MCS2 CTE: ppm/
Coffin 3.6
N, = 0.00625 (Ag, )2 (3.6)
FR4 MCS1-MCS3
CTE
CTE:11ppm/
MCS3
FR4 FCIP
MCS1
4.0x10° 5.5x10°
5.0x10°° 4.7x10°°

57

Manson

MCS3



Equivalent Inelastic strain range

Equivalent inelastic strain range
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Fig. 3.18 S-N Curve in FCIP with Underfill
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16), 17) FEM
35.1 FEM
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25 100
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AX=-1.5pum AX=-0.8 ym

Y-Displacement Y-Displacement
AY= 0.4pm Y AY= 0.9 pm
a) without underfill | X b) with underfill

Fig.3.19 Calculated displacement in FCOB using FR4
(25°C — 100°C, Magnitude of deformation: x50 )
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a) without underfill T—» X b) with underfill

Fig.3.20 Calculated displacement in FCOB using MCS1
(25°C — 100°C, Magnitude of deformation: x50)
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Fig.3.21 Calculated displacement at solder joints FCOB using FR4
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Fig.3.22 Relative displacement to X-direction (25°C —100°C)
X=upperX-lowerY
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U-displacement U-displacement
AU=-04 um (Ax=-15) N=-03pum (Ax=-08)

V-displacement V-displacement
NAN=06um (AY= 04) v NJE 05pm (= 09)
a) without underfill T_, U b) with underfill

Fig.3.23 More fringe patterns of FCOB using FR4 substrate
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v
a) Without undexfill L U bb) With undexfill

Fig.3.24 More fringe patterns of FCOB using MCS1 substrate
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Fig.3.25 Thermal displacement of FCOB using FR4 substrate with underfill
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Fig.3.26 Relative displacement to U direction of FCOB using FR4 (100 — 25 )
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FCOB-FR4 Fig.3.25

u v u Fig.3.26
FEM Fig.3.21 Fig.3.22
AX Y
X
(x=4.8mm) FCOB-FR4
(um) Fig.3.25 1.8
3.9 20 34
16 43 2.0 3.7
u \'
u v -04 0.6
u v -0.3 0.5
Table 3.4 Calculated and measured values of displacement at bumps
WO/UF W/UF
FCOB/FRA4 Measured] FEM |Measured| FEM
Upper Joint | U X 1.6 2.9 1.8 3.4
V Y) 4.3 12.1 3.9 14.7
Lower Joint | U X 2.0 4.4 2.0 4.2
V Y) 3.7 11.7 3.4 13.8
Relative U X -0.4 -1.5 -0.3 -0.8
Displacement| V Y) 0.6 0.4 0.5 0.9
WO/UF W/UF
FCOB/MCSI Measured| FEM |Measured| FEM
Upper Joint |U X 1.3 1.8 1.7 2.1
V Y) 15 7.8 3.2 9.1
Lower Joint | U X 1.4 2.1 1.8 2.3
V Y) 0.9 7.4 2.9 8.1
Relative Uu X -0.2 -0.3 -0.1 -0.2
Displacement| V Y) 0.6 0.4 0.4 0.9
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FCOB-MCS1 FEM

Table 3.4 UX) VY FEM
U(X)
VY
V Y
FEM
3.6
FC FCOB FC FCIP
FCOB CTE Si MCS1(CTE: 3.5ppm/ )
Manson-Coffin
FCIP CTE
FR4 CTE
FCIP
CTE 6ppm/
(MCS2) 11ppm/ (MCS3)
FEM
FR4 FC
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