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Abstract Stress is the main cause of warpage failure of very thin substrates with thickness of several
hundred gm, such as IC packages. Stress usually results from differences in crystal structures and
corresponding thermal expansion coefficients when depositing different substances on a substrate. In
this study, the behaviors of stress occurring in substrates were numerically analyzed by the thin-film
pattern of the rectangles stacked on the substrates. First, the substrate displacement was obtained and
the substrate strain and stress were obtained using it. When the tensile force is concentrated at the edge
of the thin film pattern, normal and shear stressesare generated around the edge of the thin film pattern.
Normal stress occurs near the edges of the thin film pattern and the vertexes. Shear stress also occurs
around the edge of the thin film pattern, but unlike normal stress, it does not appear near the vertexes.
It was also confirmed that the magnitude and direction of shear stress are changed around the edge.
When edge forces of thin-film pattern are equal, the normal stress was about 10 times larger than the

shear stress. This indicates that normal stress is the biggest cause of warpage failure.
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Fig. 2. Displacement u,; of substrate around the
edge AB
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Fig. 6. Displacement of substrate around the edge AB
and BC

- e e e

-

Thin Film

-

Pattern

-

<

L

—

7] CDQF DAYX 7HAE] AB 2 BCS}F vFekqk
o] 27| HiZe) 54 2H4E vehdet. £33 y U
o1 713 A vp, vpes Vep, Vpae Fig. 190 H]L H
ot el 90° BAAZ] AT goua A sFAtE
AB 4 BC® &2 A1E vehdch

2.3 7|1 HYEW 3

ol A T2t 71 HE ol&sto] 7we] &
E(normal strain)¥ A M@ E(shear strain)& -5}
ek Fig. 72 7F3AHE] ABSF BCE 71E0& 4w 7]
| 4 HEPE ¢, °lth WPEY TV 5UH0R
HAISHA ¢, = TR BE FAHoE & 32 v
=4, ol Fig. 60l Bl A} Zo] FAH B 729 7]
o W7 27] HZolth

22 9y

A
v
v
v
v
v
| Thin Film
x Pattern
+
Berte)¥es —+ —» —» —» - C

Fig. 7. Normal strain €,, of substrate around the edge
AB and BC

Fig. 8 ®at wiglo] 7PAte] ABot BCE 750 &
AHE A ®MFE ¥, 0l Y, = v g PR
o] FFEo] & gZ HojEt v E3d B £
CRHE AF AR Wk = He "oldl JIriA=
AR o R A2 71 Yehdch

oA 3 HFES ol8sto] 7|3 7= 4
23 (normal stress)¥ A 3 (shear stress)= 75}
it Fig. 9= €t g9 7PAtE] ABeL BCE 7182
2 ATE 4 3¢ ¢, otk 24 $H I7E
TIAHCE HASICOH, BAY B FolA & 4
<o Yephdt.



QAR &38| =5 2] #2138 A%, 2020

— >

Thin Film
Pattern

of substrate around the edge

Fig. 8. Shear strain Y,
AB and BC

y

Fig. 9. Normal stress o,, of substrate around the
edge AB and BC

Fig. 102 7F421e] ABS FA 0= x wako g A
2 5,9 "alolth. o, = 7R TP 2 S
Ui, 7P E SH0E Al £xE vEhd
t}. Fig. 112 ufet wjglo] 71g2te] ABS} BCE 7152
2 A2 71ge] Adt 38 7, o Wejelth. 53 39
I AR A S8l IU|E SuAeRZ HASHY
o 7= 7PAEE SHeE He Fol yEh,
0.2 B8 HAF B Fo| gEo] JFHA gb=tt
o] Fig. 894 HQl A B FoA 2 k& YEt
W Ad WEE 1,9 Bahol gt

12

[X-Axis]

Fig. 10. Variation of o,, by x direction at the edge

AB

I Thin Film
| _ Pattern

Fig. 11. Shear stress 7,, of substrate around the edge

Ty
AB and BC

Fig. 12 7PA1E] ABoJlA] x wWgko g AtmE Hoh
$9 7,9 Hglo|tth. 7, & dhet HEo] (T
Z)o| M= 11 gho] Za1, vlZZo| A RS YR
T3 Y9 UFE PR E FA0E v )

-10
2 x40

Edge
AB

s s
70 80 10 120 130

0

100

[X-Axis]

Fig. 12. Variation of 7,, by x direction at the edge AB



et sjgo] gt 7@ 58 AT

FlollA Bl 73Ate] ABF BColl gt HEETR &
9] 34 A= 7FAAE] CDE DASIAE Y5
LrERdt,

Fig 9 WAl Fig 12014 2] &9 o, = 7PARIE

FHo2 gyHoR BEshy, A% 8 1, b PR
2] BFRZolA] Huigke e oleid ke 7w

HEYS Zoltd B4

=Ye = % gick. ofziey wupsee)
RS oA 1Este] gAtele] WEEE
ol Wby, FEY WYl wet 54 9 A 5
2 B4, ehiele] Yol WSk 5o theol
7Fs st

L 3]0
=3

ox, 1N

1o

b7
=

3.

rhu

719 glo] A3E Aol et o] ofef 7]go]
sl gee] A%S LAsigIek 1 Ak vt el
o FgRtelE FHOR 57 SEol WS, 55 &
AR B0 ¥ 2 44 geo] WYL HAAsterk
A o] Aol 54 e} visahA et el
o FFgAEIE FHOE Seo] Wstgont 57 3
e el B0y o] S¥o] WEHA Yt wY

Ao S dur wjEle] upgEolA] gelo] gl
N e S g

References

[1] Cheng Hsiang Liu, Jyun Ling Tsai, Hung Hsien Chang,
Chang Lun Lu, Shih Ching Chen, “ Integrated Process
Characterization and Fabrication Challenges for 2.5D
IC Packaging Utilizing Silicon Interposer with
Backside Via Reveal Process’, Proceedings of 2014
Electronic  Components&Technology ~ Conference,
pp.1628-1634, May 2014.

DOI: https://doi.org/10.1109/ECTC.2014.6897513

John H. Lau, “Recent Advances and New Trends in
Flip Chip Technology”, /. Electronic Package, Vol.138,
Issue3, Sep 2016.

DOI: https://doi.org/10.1115/1.4034037

W. Lin, “A Feasible Method to Predict Thin Package Actual
Warpage Based on an FEM Model Integrated with
Empirical Data", Proceedings of IEEE 65" Electronic
Components and Technology Conference, May 2015.
DOL: https://doi.org/10.1109/ECTC.2015.7159874

SeonMo Gu, Billy Ahn, MyoungSu Chae, Seng Guan

(2]

(3]

4]

13

Chow, Gwang Kim and Eric Ouyang, “Impact of
Copper Densities of Substrate Layers on the Warpage
of IC Packages’, Journal of the Microelectronics &
Packaging Society, Vol.20, No.4, pp.59-63. 2013.
DOI: http://dx.doi.org/10.6117/kmeps.2013.20.4.059

Y. Sawada, K. Harada, H. Fujioka, “Study of Package Warp
Behavior for High Performance Flip-Chip BGA",
Microelectronics  Reliability, Vol.43, Issue.3, pp.465-471,
March 2003.

DOI: http://dx.doi.org/10.1016/50026-2714(02)00294-9

Cha Gyu Song, Sung-Hoon Choa, “Numerical Study of
Warpage and Stress for the Ultra Thin Package”,
Journal of the Microelectronics & Packaging Society,
Vol.17, No.4, pp.49-60, 2010.

Soon kwan Hong, “An Analysis of the Substrate
Displacement by the Thin Film Pattern”, Proceedings
of KAIS(The Korea Academical-Industrial cooperation
Society) Autumn Conference, pp.154-156, Dec. 2015.

L. D. Landau, E. M. Lifshitz, “Theory of Elasticity”,
Pergamon Press, 3rd Edition, Chapl, 1976.

S. Timoshenko, J. N. Goodier, “Theory of Elasticity”,
McGraw-HILL Book Company, 2nd Edition, Chapl, 1951.

H 2(Myung-Woo Nam)

- 19944 29 : AgAArgetL A
A7\ A B RFB AR

+ 20014 8¢ : MeA sty A
A7 E F S EHEAD
+ 20034 3¢ ~ @A : At
A7z 3
(T Eop)
e A 241 OAEAST A, ulo]Z 2 T2 AA
E & ZSoon-Kwan Hong) ENEE
+ 198949 29 : A2AdEdgE A

A7) AR BB A
- 19944 89 : AL HBIL
A7) AR FIRFIAAD

- 199441 89 ~ @A : S Acfet
A7\3} @4

r_>.i

(AL
WA 244, 747171%H(PCB)

#op



