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D, D, 175 120sec.
175 5h PMC Post Mold Cure

D; 175
Ay, 12.3ppm/ 2.2
D,=D,{l+a,(175 - 25) (2.2)
£3 TMA(Thermal Mechanical
Analysis) 2.3
Eg =& — (OtlAT1 + azATz) (2:3)
a oo Tg A A a oo
FEM
31 24 (® €11 (AT O)
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FEM
(o (] Az A3 Fig.2.2
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a = e, (175 —176) (2:5)
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Fig.2.2 Coefficient of thermal expansion al, a2 and a3 for each cooling and

heating process from molding temperature
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2.2

o(t) T
L= T THT ()
o 2.6 14)
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Fig.2.3 Generalized Maxwell model
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987 7900 64T - T,
TS =Tg +45 (2.15)
2.16 k Tk k=12 ... m
5) 16 L .
K 2.17
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Fig.2.4 Conversion of dynamic modulus from temperature dispersion to frequency
dispersion
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2.3 TSOP

2.3.1
LSI 40
BGA TSOP Thin Small Outline
Package
TSOP
2.3.2 TSOP
TSOP

Small Chip (5.7x10.5x0.3)

Chip/PKG= 27%
T2/T1=1.64

110pm
2mm
e

Large Chip (9x16.6x0.3 )

Chip/PKG= 67%
T2/T1=1.64

%& 10x22x1

Fig.2.5 Example of Measuring Warpage of TSOP

1 10pm

19



T2/T1=1.64 Fig.2.5

DVA-300
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> 102
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8)

MC1 (Tg=125
/ |

N MCZ (Tg=135
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e o
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Fig.2.6 Dynamic tensile modulus of mold compound
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Table 2.1 Shrinkage properties of mold compound

MC1 MC2 MC3
Filler Content (wt%) 84 82 82
125 135 150
&t (Total ) 0.498 (100%) 0.446 (100%) 0.362 (100%)

Mold Shrinkage |&1(Thermal-1) | 0106 (21% | 0143(32%) | 0.163 (45%)
£2(Thermal-2) | 0243 (49%) | 0196 (44%) | 0.123 (34%)
3 (Chemical) | 0149(30% | 0107 (24% | 0077 (21%)

CTE o ppn/ ) T< 11 13 13
o ppm/ ) <T <170 46 49 49

a ppn/ ) 170 <T 298 214 154

T< 25 25000 22000 22000

Young's 100 19500 13600 15800
Modulus (MPa) 130 9260 9900 13000
160 1500 1600 6300

230 870 890 1210

€1 alTo-25 €2 o110 Ta &£3Fs-(sl €2 oB3=£3/(175-170)

Large chip model-solid Small chip modél-solid
Large'Chip_ . Small Chip

Center =" Center
Large chip model-shell Small chip model-shell

La

3.95
5.1

Center

Layer1 MC :0.2718
Layer 2 Alloy42 : 0.1270

Layer 3 Pl-Tape : 0.0508 T2/T1=1.64
Layer 4 Si-Chip : 0.2921 thickness ratio of
Laver5 MC : 0.2743 mold compound

Fig.2.7 FEM multi layer shell model and solid model of TSOP
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2.3.3 TSOP

TSOP
Large chip:
63% Small chip: 24% Fig.27 4
8
8), 15)
175 25
5 1/ Large chip Small chip
1) 2) G -G 3)
G K -GK 12
TSOP
Large chip  Small chip MC1
T2/T1=1.64
Fig.2.8
a3 a2 al
Large chip
Small chip
-GK Fig.2.9
Fig.2.5
Large chip Small chip
(T2/T1)
T2/T1 TSOP
Fig.2.10 TSOP T2/T1
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80 .
o Large chip-shell 40 Small chip-shell
To=125 ~ 2 Cherrical
—~ 60} 5 Bastic = Shrinkage
J 50| - 07
1 | £ P
E, 40t Viscoelastic-GK qE, 20 Tg=125
o 30| Chemical © ]
3 2 2
Viscoelastic-G
0 % 80 I 1 I
0 5 100 150 200 0 50 100 150 200
Temperature( ) Temperature( )
Fig.2.8 Displacement change during cooling process of TSOP
Large-chip solid Small-chip solid

Fig.2.9 Warpage shape of TSOP at 25  after mold process (T2/T1=1.64
Viscoelastic-GK)
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Large chip T2/T1
Small chip T2/T1
Large chip Small chip T2/T1 2.18
Fig.2.11
-GK -G
G
K G K
T2/T1 min Large chip
1.2 Small chip
-GK 2.6-2.9 Small
chip -G -GK
(T2/T1)min

60 60

40 40
E Ml
= 2 = 0]
(7] S 20t
& 0 £
o 8 40
8 ©
2 .20 5 60
844 7]
(] A 80T

0 -100 |

_m 1 1 _120 1 1

0 0.5 1 1.5 0 0.5 1 1.5
Distance from PKG Center (mm) Distance from PKG Center (mm)

Fig.2.10 Warpage profile at diagonal part of TSOP
(Viscoelastic-GK Calculation using MC1)
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Warpage (um

Warpage (pm

140 - 120
Large chip -shell Small chip-shell
100 Visco-G
g 80
>
o 60
2
g 0 X /= \Au..
o 1 1 1
05 10 15 20 25 10 15 20 25 30
T2 T2
(a) 4-Node Shell Element Model
140 | . 120 -
Large chip-solid Small chip-solid
120 Visco.G 100} Measured
100 | = 80
3 i
80 | : Visco-G
& 60
60 | ViscoGK S
S~ <
40| . = 407
—
20 | Measured 20 Elastic
0 ] 1 1 0 ] ] ]
0.5 10 15 20 25 10 15 20 25 30
T2T1 T2

(b) 8-Node Solid Element Model

Fig.2.11 Relationship between warpage and T2/T1 by various calculating
methods using MC1
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-GK

MC2 MC3
Fig.2.12 MC1-MC3
T2/T1 Large chip
T2/T1 min 1.17
Small chip MC1 2.5 MC2 MC3 2.1
Tg
MC2 MC3
100 100
+ MC1 Tg=125 "+ MC1 Tg=125
T MC2 Tg=135 -+ MC2 Tg=135
8ol * MC3 Tg=150 80 | +MC3 Tg=150
£ MC1-Measured
g 60 B 5 60 - /
[«})
& 2
S 40 Q 40|
5 | 5
= =
20 L MC1-Measured 20|
W/ Large chip-shell Small chip-shell
0 L ! ! 0 I I I I
05 1 15 2 25 10 15 20 25 30 35
T2/T1 T2Im1

Fig.2.12 Effect of compound properties on warpage of TSOP

( Shell model, Viscoelastic-GK calculation)
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24 BGA

2.4.1
BGA CSP
QFP TSOP
MAP(Molded Array
Package) BGA
FEM
BGA
2.4.2 BGA
EMC1 EMC3 Tg 115 135
170 BGA BT 0.3t 0.7t
175
x120sec 770MN/m? 550MN/m?
Fig.2.13 Fig.2.14
EMC1 EMC2 Tg EMC3

Tg
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Warpage (um)

Warpage (um)

Distance from package center (mm)

Fig.2.13 Example of measured warpage of BGA

1500
1000 | Chemical
500 -
o
500 - —— EMC1 (Tg=115
100 o e AP

-1500

0 50 100 150 200 250 300
Temperature( )

Fig.2.14 Relationship between measured warpage and temperature
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243 BGA

BGA
Fig.2.15 A
BT EMC EMC 50><50><1.0 BT 50
><50><0.3 B BT EMC
BGA EMC 30><30><0.6 BT 30><30><0.6 Die 20><20><0.3
EMC BT Si-Chip Fig.2.16
EMC E G E= 1+v G
EMC Maxwell G 2.2
Table2.2 G K Maxwell
Fig.2.17 EMC BT EMC
Tg BT 220
EMC

EMC

Chip
BT —
a) Model A (without Chip) b) Model B (with Chip)
EMC 50 x 50 x 1.0 EMC : 30 x 30 x 1.2
BT 52x52x0.3 Die :10x10x0.37

BT :35x35x0.6

Fig.2.15 FEM model of BGA (8-node solid element or 20-node solid element )
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—
© S
o
S 10°
2]
=
=
O -
S 104
w
(o))
c 103 -
3 EMC2 Tg=135 )
> EMC3 Tg=170 )
102 | |
Temperature( )
Fig.2.16 Young’s modulus of constructive materials
Table 2.2 Generalized Maxwell model constants of mold compound

Hsec) EMC1 Tg=115 EMC2 Tg=135 EMC3 Tg=170

G(MPa) K(MPa) G(MPa) K(MPa) | G(MPa) K(MPa)
1E-14 1.12E+3 | 1.87E+3
1E-13 8.50E+2 1.49E+3
1E-12 1.07E+3 1.87E+3 2.03E+3 | 3.38E+3
1E-11 1.45E+3 2.54E+3
1E-10 1.80E+3 3.15E+3 1.92E+3 | 3.20E+3
1E-09 1.52E+3 2.66E+3
1E-08 1.07E+3 1.87E+3 2.27E+3 | 3.78E+3
1E-07 7.35E+2 1.29E+3
1E-06 5.57E+2 9.76E+2 3.18E+3 | 5.31E+3 | 8.64E+2 | 1.44E+3
1E-05 4.85E+2 8.49E+2 4.78E+2 | 7.97E+2
1E-04 4.37E+2 7.64E+2 1.37E+3 | 2.29E+3 | 1.42E+3 | 2.37E+3
1E-03 4.13E+2 7.23E+2 2.56E+3 | 4.27E+3
1E-02 3.68E+2 6.44E+2 4.56E+2 | 7.60E+2 | 1.23E+3 | 2.06E+3
1E-01 2.64E+2 4.62E+2 2.39E+2 | 3.98E+2
1E+00 1.32E+2 2.32E+2 1.48E+2 | 2.46E+2 | 5.96E+1 | 9.94E+1
1E+01 4.81E+1 8.43E+1 1.29E+1 | 2.15E+1 | 4.01E+1 | 6.69E+1
1E+02 5.48E+0 9.14E+0 3.09E+1 5.15E+1
1E+03 2.76E+2 4.84E+2 4.69E+2 | 7.81E+2 | 7.21E+2 | 1.20E+3
sum-G 1.15E+4 | 2.01E+4 1.30E+4 | 2.16E+4 | 7.64E+3 | 1.28E+4
sum-E 2.89E+4 3.27E+4 1.93E+4
Eco 9.07E+2 1.35E+3 2.10E+3
sumE+Eco | 2.98E+4 3.41E+4 2.14E+4
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175

CTE (ppm/ )

40

30

20

10

A BGA FEM
B FEM
20
8), 15)
25 260
175 =#1
15 /min
7), 18)
EMC2 Tg=135
N I
- EMC3
EMC1 Tg=170
~ Tg=115
™ BT
|
- | Molding
/Si Temp.
\ I l \
0 100 150 200 250

Temperature ( )

Fig.2.17 Coefficient of thermal expansion of constructive materials
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BGA

EMC2 A
Fig.2.18 Fig.2.19
1
2
2 1
BGA
- EMC1 EMC3
Fig.2.20
1500 : :
~ Cooling cal. ~ Heating cal.
1000 -
« ° —fen X Chemical
§ 500 - _-,.r.'»-v-'-j""‘"""f, sk s shrinkage
:-fa 0 - —shell-e
o -+ solid-e
‘;“ -500 - = asm.solid-e
- 2D.solid-e
-1000 - e Measured
-1500

0 50 100 150 200 250 300
Temperature )

Fig.2.18 Relationship between calculated warpage and temperature Elastic
calculation using EMC2
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Warpage um

Warpage pm

1500
1000
500

)
S
S o

-1000
-1500

1500

1000
500

-500
-1000

-1500

Cooling cal. Heating cal.

y
v
A

e LN Chemical
i AR shrinkage
- - shell-v
-+ solid-v
-+ asm.solid-v
i - 2D.solid-v
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| | |
50 100 150 200 250 300
Temperature )
Fig.2.19 Relationship between calculated warpage and temperature
Viscoelastic calculation using EMC2
EMC1-assumed-v
L ::::::¢¢:¢¢¢°:j:;\\\“_, - /EMC2
i - -assumed-v
I L yemgecte, — EMC3
ppchcbcicbb AT s acicacd GGl Wy -assumed-v
| —=— EMC2-V
—=— EMC3-V
< EMC1-Measured
- = EMC2-Measured
4 EMC3-Measured
0 50 100 150 200 250 300

Temperature ( )

Fig.2.20 Relationship between calculated warpage and temperature Viscoelastic
calculation using 8-node element

33



Tg EMC3
BGA
BGA
Fig.2.21 R2 EMC
BT EMC Tg
(R1)
R3 EMC BT
BGA Tg
(R1) EMC
Tg
1500 Shrinﬁge BT __EMC
\ @ Chemical Er : 30Gpa
shrinkage CTEr 9 ppm/C
1000 = -
< <
500 5 Es : 13Gpa
r— - CTEs 12 ppm/C
£
2 v (R2) shrinkage BT < EMC
S 0 Er : 20Gpa
© CTEr 36 ppm/C
2
c;u -500 | —+ EMC2 -
Es i 12Gpa
—*-EMC3 A CTEs 16 ppﬁ\lc
-1000 Expansion BT _EMC
Dot-line : CTE of BT < CTE of EMC B : 1Gpa
-1500 ‘ ‘ ‘ ‘ ‘ CTEr 36 ppm/C
0 50 100 150 200 250 300 < >
Temperature () Es ~: 96pa
CTEs 10ppm/C

Fig.2.21 Mechanism of BGA warpage
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BGA

EMC Fig.2.22
EMC1lm EMC3m EMC1 EMC3 Tg
EMC4 EMC3 CTE
Tg 230 EMC
A Fig.2.23 EMC1Im EMC3m
EMC4 EMC3
60 260
B Fig.2.24 B
A
A 1/4
EMC2m EMCA4
10° - — — = |
= ———— Tg=115 — 135 =170 =230
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= DR e
g 10¢ — NN\
E — —EMC1 —SN\&X \
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= ~— ——EMmC3 LR |
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102 1

o
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Fig.2.22 Young’s modulus of assumed mold compound for warpage simulation
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Fig.2.23 Warpage simulations using model A

Warpage range

50 100 150 200 250 300
Temperature ( )

Fig.2.24 Warpage simulations using model B
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Fig.2.25

EMCIm EMC3m

EMC
50
T 0
=
.50
o
(Lo
N 100
(4v]
> -150
4]
o
& -200
=
-250

BGA
Tg 200 260
200
Tg
19, 20)
21)
| |
‘ EMC: 30x30x1.8
EMC3m

Die : 20x20x0.3 —
A RN BT Substrate: 0.6

0 200 400 600 800 1000
Shear modulus of EMC at 220 (MPa)

Fig.2.25 Relationship between warpage and shear modulus of EMC at 220  using

model B
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