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Analysis of Warpage of Fan-out Wafer Level Package
According to Molding Process Thickness

Seung Jun Moon™"", Jae Kyung Kim"~ and Euy Sik Jeon™""""

"NEPES Co., Ltd.,
“Industrial Technology Research Institute, Kongju National University,
" Graduate School of Mechatronics Engineering, Kongju National University

ABSTRACT

Recently, fan out wafer level packaging, which enables high integration, miniaturization, and low cost, is being
rapidly applied in the semiconductor industry. In particular, FOWLP is attracting attention in the mobile and Internet
of Things fields, and is recognized as a core technology that will lead to technological advancements such as 5G, self-
driving cars, and artificial intelligence in the future. However, as chip density and package size within the package
increase, FOWLP warpage is emerging as a major problem. These problems have a direct impact on the reliability
and electrical performance of semiconductor products, and in particular, cause defects such as vacuum leakage in the
manufacturing process or lack of focus in the photolithography process, so technical demands for solving them are
increasing. In this paper, warpage simulation according to the thickness of FOWLP material was performed using
finite element analysis. The thickness range was based on the history of similar packages, and as a factor causing
warpage, the curing temperature of the materials undergoing the curing process was applied and the difference in
deformation due to the difference in thermal expansion coefficient between materials was used. At this time, the
stacking order was reflected to reproduce warpage behavior similar to reality. After performing finite element analysis,
the influence of each variable on causing warpage was defined, and based on this, it was confirmed that warpage was
controlled as intended through design modifications.
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Fig. 1. Panel drawing.
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Fig. 2. Silicon chip size and array pitch.

Fig. 3. FOWLP of 300 mm diameter.

Journal of KSDT Vol. 22, No. 4, 2023



Sl
AN

126

- 294

1 Overmold

Silicon chip

Passivation layer

Fig. 4. Cross section of silicon chip and EMC mold.
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Fig. 5. Fabrication process and temperature of FOWLP.

Table 1. Panel structure thickness (unit: pm)

Case  Silicon chip Overmold ~ Layer of passivation
1 450 105 25
2 460 95 25
3 470 105 25
4 490 105 25
5 500 105 25

Table 1 2 A2} FOWLP2] 4lg]& 3} Overmold2] &
7E bt

213 &3 iy
AIZFgt FOWLPS] Warpage= 2914 HHE
7S At floll YIAAIZL F Fig 63} Fig. 7 20|
of gl AFoll thaff 2eele]A A &= 05

[e]
4=

é.
_C_)_]
olg3tol 2ok Wapaze=3 F 7
goul ¥ o) FOWLPE W% 274 & Bt e

=

Warpage t|o|E| 2 2-85}3iTh

A
_%]

)

(¢

Fig. 6. Measurement point of ;Narpage.

Ruler of stainless steel

FOWLP

Surface plate

A —

Fig. 7. Measurement of warpage.



EE= FAl 23 W ol foju E 7] %] &} Warpage 4 127

2.2 FOWLP Warpage S8R A

2.2.1 Warpage 2 LS

ohRt 8471 Wapage s U SHAYE F8 HAYSL

= A AA4(Coefficient of Thermal Expansion, CTE) 2}o]
off 23t WapageE &5 = UTH67) 112 A8} & 7]
e ads Aot 2=4 S50l fle FHE HS =
=, o] 2oz YAHd A5 | AR duHA
4= Zolo] o5 Aot thE MEPHS A Hrh o
G 2folol| ofsf Warpage 7} #AsHH o7t A5 &
4o &, WALt HAFE AlEdoldel A&
Sto] Warpage o4& 33kt

222 {otesmdz]

e SHS 7IEe2 X Y& U A Fx20)7] fiE
of 14 el AN B3 AAS9 FAV Rl
7)(A)E: 300 mm)of] Bl o GF71(0.025 mm) Wizl 84
o] AHR TS FHsh= Hofl ofzfee] o A
= 18 PEoE E9 BES ARE-Sto] Wapage 712 &
B WS AgelSch Fig 87 20| e muo
Wapges S|4 7, 52U %8 WAS 2 22U
Wapages SHISHE WALS Agsialnk 24 pAasd
E4L2 A ZANEMC-Nagase ChemteX Corp., passivation-ASAHI
KASE], glass camier-SCHOTT) ] A H& #8313t} Fig 92
FOWLPE| 14 2els el Table 2= 7+ 58 45
Uehick

N

Short model Long model

Fig. 8. Warpage convertor concept.

Fig. 9. Symmetry model of FOWLP.

Table 2. Material properties of FOWLP

. CTE Young’s Modulus
Materials o
[ppm/°C] [GPa]
EMC 10 19
Silicon 2.6 124
Passivation 54 35
Glass Carrier 325 63
Ceramic Carrier 7.7 330
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Fig. 11. Warpage by element size.
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Fig. 12. Maximum deformation of FOWLP model.
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Table 3. Parameters and level for DOE

Level and value
2 3 4

Factors

Thickness
of silicon
chip(mm)
Thickness
of over
mold(mm)

1

tse 350 425 500 575 650

tom 85 100 115 130 145
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Table 4. Results of warpage by factorial design

Table 5. ANOVA for Warpage

No. Factors ~ Warpage No. Factors Warpage
e ton (MM) te  ton (M)
1 1 1 1.717 14 3 4 2.691
2 1 2 3.073 15 3 5 3.321
3 1 3 4.349 16 4 1 0.405
4 1 4 5.525 17 4 2 0.944
5 1 5 6.598 18 4 3 1.474
6 2 1 1.042 19 4 4 1.994
7 2 2 1.980 20 4 5 2.491
8 2 3 2.896 21 5 1 0.283
9 2 4 3.766 22 5 2 0.715
10 2 5 4.584 23 5 3 1.143
11 3 1 0.636 24 5 4 1.563
12 3 2 1.343 25 5 5 1.971
13 3 3 2.030
Factor Name
A Silicon chip(um)
Term B Over mold(um)

2120

0

1 2 3 4
Fig. 14. Pareto chart of the standardized effects.
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Fig. 15. Main effects plot for panel Warpage.

Source DF1y Adj SS2 Adj MS3) F-Valuesy P-Values)
Model 8 59.059 73824 2896  0.000
Linear & 59.059 73824 2896  0.000
tse 4 31287 7.8218 30.68  0.000
tom 4 27772 69430 2723  0.000
Error 16 4.079 02549
Total 24 63.138
Model summary
S R-sq R-sq(adj) R-sq(pred)
0.504923 93.54% 90.31% 84.23%

1) DF: Degree of freedom  2) Adj SS: Sum of squares
3) Adj MS: Mean of square  4) F-Value: MSTR/MSE

5) P-Value: The criterion for determining the significance
level and the reference value is less than 0.05
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