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o] Z7H= MOSFET £2olA ¢ 7%9]  carrier
mobility & Z2APdn Busgy Qup? £33 4
£He AEE 7|#e 3¥e YA, FEHL
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Secion A

Section A

(b)
Fig. 1 (a) Schematic drawing of MCP packaging using
Cu TSV interconnection (b) Detailed drawing of
TSV interconnection area (Section A in Fig. 1(a))
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(b)
Fig. 2 (a) 3D finite element model of MCP packaging (b)
Local model of TSV including 2 TSV holes and
zoom-in A area
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Al &8 Aol & zlojth. A4z F v
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Fig. 3 Variation of computed stress value depending on
the number of mesh in case of 10um via diameter
and 50um pitch
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Table 1 Material properties used in numerical study

. E Y | CIE
Parts Material (GPa) (P(r);is(()))n s (ppm/C)

Via Cu 120 0.34 17
Chip Si 130 0.28 2.8
Dielectric SiO, 70 0.16 0.6
substrate Si 130 0.28 2.8
Underfill BCB 2.9 0.34 52

Solder [Sn96.5-Ag3.5| 52.7 0.4 21.85

* Yield strength of copper: 172.3MPa
* Tangent modulus of copper: 517.1MPa
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Fig. 4 (a) Computed von Mises stress in Cu via with
different via sizes and pitch sizes (b) Computed
principal stress in silicon die with different via
diameters and pitch sizes
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Fig. 5 (a) Computed von Mises stress in Cu via with
different pitch sizes (b) Computed principal stress
in silicon die with different pitch sizes
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(b) Case of 20pm via diameter, 50um pitch size

(c) Case of 10pum via diameter, 20 um pitch size

Fig. 6 Computed von Mises stress distribution
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o AgdE dole FAE ZAZ 50um, 100um,
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< ), Fig. 7@@)2} Zo] 78 HlotelA9 &4 W3}
£ & AolE Rolx Pl e Fig. 7(b)lA
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Fig. 7 Computed stress with different silicon die
thicknesses on 10um via diameter and 50um
pitch size
33 ¢iCiE R0l OE 9%
AY AzE AZ vhe] Aol 45 A%
S SFEoh 2 Ad2 AFe] Aol vF =

Ad, FH Azete] 4HA Age Aolrt #
g 7A$ Fa A4, 53 £ue ¥y ¢ &9
ZANAE 29T 282 = Ao geA 2
FoAME 7]1E =EEAA ASHUD o dH
I ARE ALEUS FFol SHY WEE A
B9tk Fig. 8 & AtiBY FRA @mE &4 Aol
& RYFT.  ABF(Ajinomoto built-up  film),'"
Underfill,® Epoxy,11 BCB(Benzocyclobutene),12 NUF(No
Flow Underfilh® ¢ & oA 7k AdF g
wpat A s oL, 2448 B4 A= Table 2 o WE
v A 2o ABF g AMEElE AS 7 Hlof
el el von Mises ol izt Hi, I v

e mlo H

o2& BCB & AHEstsl b Flch NUF & A
839e A7 T4 vloblA BAHE S0
A9 Ugkd. B4 delHE wu ABF o 2%

AZ7t AY 33, 2 e BCB 7t Atk ¥
A7 AL F Epoxy 9 AS, $8L 18 =
2 gtk upebd doide] AS dFHZATI T
g wHlole] & b E JF¢E AT AR

o
Table 2 Material properties for different underfill materials
E v CTE
(GPa) |(Poisscn's ratio)|  (ppm/C)
ABF 3.5 0.27 60
Underfill 3 0.33 30
Epoxy 6.1 0.35 33
BCB 2.9 0.34 52
NUF 5.291 0.35 37.15

® | st Principal stress

= Vonmises stress

1st Principal stress (Mpa)
g

Epoxy NUF Underfill
Material
Fig. 8 Computed stress for different underfill materials
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4. EAHY

A & 7| 8 Y (Design Of Experiments, DOE)-2 A&

o] EAd FFgE mAE o8 7k AAE AA
33 o] 59 HAE YotV AT AFE AN
o AT HH Az 2L AAH0 Bohie
ZI¥oltt. AEAENY F8 FAE oj" 21l
gH3ol Folg d¥e Fi devtE setstn 1
FEol FHLE o= Ar E7FE Fob #9
F FAE X dRlE0] owd =& Hd
=7 ot

SV interconnection
dE A4 et
o A, toly

A Fol At °]%°ﬂ et GEE 3 FellA A
HE 7 GeEEse 4P wwoz wo &
F99 $2 Bx o] ) 148 A
olgtn, F8o HAE gt o] AAES HF
Z2¥E 73] A AEAEHY B
% ©HTA|(Taguchi) & A8

2 A79 8y 2HE 2
o] W& RIARE Hlo} & I
7, Ao E ARrt Ao 53] A
g4 A @RFATY dFAds
Azt e dAser 493 AT 7] e
A2 A9, mEbA bjop Fe] 37], vlo} &
9] 14, LEJQA BAASF, 28I AdvEe 4
BRAFEA T 4 K A(E B a 4z
9} AAE 3 7H«l FEE AT o2 gl
A E thole] FAY A, FA Wit &9
of F#& o] IthA AA 7] W& AR}
M AARAT Table 3 & 1 AREF Zzbe] ¢
&L BoF Table 4 & U7 W] 238 Lo
matrix ¢] orthogonal array & WElCH Ade EF
B4 T8 vol 8 HyF volef FHo| F
42 HE Z7OE I5lon wEby wih 54X

0-!0

Table 3 Factors and levels for simulation

Table 4 Taguchi L9 orthogonal array
Run A B C D SN Ratio
1 -42.8603
2 -46.8089
3 -51.7990
3 -46.6891
1 -41.7272
2
2
3
1

1
2
3
2
3

-45.5292
-42.5421
-43.8066
-42.4115

Ol lw | w|lan|wv|bs |w |-
W W W[ (===
Wi | — (w o= |w || —

(smaller the better)E& 2§38l 435 of F& &
Ao sgi.

SN H]¢] ¥ = Fig. 9@)lld & F du
z °JXM] 0 A Fig ob)E BTH B F
ATk 3 Table 59 rank ol A A H o] IA3A

V_Swe V. Pitch U s U CTE
43 .
T — N
g / NN
4 J.
T 45 -
H —
46
A7 \
~ = L] -~ k3 A ] -~ L3 - -~ " Kkl
@
¥ Size i Piich U, st U CIE
240 4
25 - / /
-]
g 120 / /
165 \ ___,_,/ .
140 .
» 3 YN v PERS % 5 A % >

(b)
Fig. 9 Main effects plot for (a) S/N ratio (b) Mean

Table 5 SN ratio and influential factors

Level Level | V_Size | V_Pitch | U Stiff | U CTE
Factors 5 3 Unit 1 -47.156 | -44.031 | -44.065 | -42.333
A Via size 5 10 | 20 pm 2 -44.649 | -44.114 | -45303 | -44.960
B Via pitch 50 | 75 | 100 pm 3 -42.920 | -46.580 | -45.356 | -47.432
C | Underfill stiffness 2 4 6 GPa Delta 4.236 2.549 1.291 5.099
D Underfill CTE 20 | 40 | 60 | pprm/TC Rank o) 3 4 1
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7}t 5] %3O 24 Table 6
AA)A 2l von Mises <3 -"J:_*T’:% gs ¢ 9t
o] 2¢og ML £33 Ax, &9 H$ 7
H]o}e] von Mises 8L 135MPa 7} v AHE
thole] F3¥& 85MPa 7t €tk ol& Hletd] A
17F 55, A7 FE4E, ATy g4 S
of dHFAFI ASFE HA9 SHE UER
T A2 Yeid. ol#d olf= nHlete 7]
7t ARSFE &9 w4 7 7Y vort i 9
o] o3, FR|7} FE&FF Hlo} Ale]gl g
o] HHo] Azt nlolrt AHA 7| X F3F
S ¢ 4 U FHE HAzxGFoz 3
S8 #3A35MPa)y2 T8 ¥ AHEE ARY
Hsle] & e m, B AFdA
ol-&gk MCP #7]A e AEAFE o

= AR 348 & A8l

Table 6 Optimal combination of Taguchi method

Optimal Combination

V Size | V Pitch | U_Stiff | U CTE
Level 3 1 1 1
Value 20pm 50um 2GPa | 20ppm/TC
' DAL 30LOTION - 52

sz =12
THEs1
sEQV
DK = 1E4E-U3
59 =33.125
S =30115

05

Fig. 10 von Mises stress of optimal combination

5. B
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A FHzdoz e FIF 2y B 7N
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