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Currently, Through mold via (TMV) technology is being actively researched for

Received 25  February 2020 3D-Intergrated Circuit stacking in fan-out wafer level packaging (FOWLP).
Revised 23 Math 2020 However, because of problems, such as extrusion, cracking, and warping of the
Accepted 10 April 2020 Cu materials forming the via, its mass production process is difficult. Moreover,
sudden temperature changes when using the chips cause heat fatigue in the TMV.
Keywords: To overcome this problem, the Epoxy molding compound (EMC) filling via
FOWLP (EFV) is being developed to form a thin Cu via through a deposition process and
MCP . then fill the interior of the via with EMC. Through simulations, this study
™MV (Throug.h _MOld.Vla) analyzed the thermal-mechanical properties of the TMV in the 3D-FOWLP
EFV (EMC Filling Via) according to the type of TMV (Cu via and EFV) to minimize the thermal stress
Warpage simulation and deformation generated when using the chip. Consequently, EFV exhibits
Package stacking better thermal-mechanical properties in comparison with those of the Cu via
when the 3D-FOWLP is deformed by heat.
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(1) 1% carrier 9] DAF (die attach film) % die (chip) bonding.

(2) 1" RCF (reconfiguration) Molding.

(3) 1% electroplating (Cu)S £+ RDL (redistribution) 4.

(4) 1 PSV (passivation) FA].

(5) 2™ DAF 4 Die bonding, RCF molding.

(6) 2™ Via (hole) 34
metal Y RDL &A].

(7) EMC filling Via @ PSV &4,

(8) 3D multi chip packaging &
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Fig. 2 Optic microscope image of sample produced using the
EFV process (Nepes Co., Ltd.)

Fig. 3 (a) Multi chip packaging full modeling, (b) Carrier, RCF,
RDL, PSV hide body modeling

@ (b) ©
Fig. 4 (a) Packaging full FEM modeling (b) Packaging internal
Via FEM modeling (c¢) Via internal EMC FEM modeling
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Table 1 The dimensions of the package element

Table 2 Material properties

Types Length x Width (mm?) Height (um)
Carrier 134 x 134 730
DAF 10.88 x 10.1 20
Die 10.88 x 10.1 70
RCF 13.4 x 134 110
RDL 13.4 x 134 15
PSV 13.4 x 134 10
Via ® 120 pm 120
200 - Cu-Via
_. 180 —e—EFV
o
% 160 [
140 |
€ 120[
g 100}
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Temperature (°C}

Fig. 5 Comparison of stress according to the temperature of
Cu-Via and EFV in 2“d-layer (Via location exists at 6260
pm from center of package.)
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Types 12331%: POi.SSOH’S CTE
(GPa) ratio (V) al (ppm/°C)
Carrier 7 0.3 10
EMC 7 0.3 10
Die 124 0.278 2.6
DAF 4 0.28 120
RCF 34 0.35 60
PSV 34 0.35 60
RDL 110 0.343 16.5
Via 110 0.343 16.5
(@
Max Deformation

(b)

Fig. 6 (a) Schematic diagram of package expansion due to heat
source. (b) Maximum stress on EFV in 2"d-layer. ()
Maximum deformation on EFV in Z"d-layer (Scale x500)

Chip ‘

Fig. 7 Schematic of EFV location according to distance from
center of package
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Table 3 Thermal-mechanical properties by location

Table 4 Thermal-mechanical properties by layer

Location Max stress | Max stress | Max warpage Max stress | Max stress of | Max warpage
Types (um) of Cu-Via of EFV of EFV Types | Layer | of Cu-Via EFV of EFV
(MPa) (MPa) (um) (MPa) (MPa) (um)
A 5660 417.73 280.77 0.35 a o 143.21 79.691 0.16
B 5860 236.57 173.81 0.25 b 31 242.22 126.81 0.42
C 6060 189.89 97.497 0.19 c 4t 340.47 167.37 0.71
D 6260 143.21 79.691 0.15 d 50 410.56 196.63 0.97
e 6" 442.89 212.38 1.19
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