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Analysis of Underfill Process on Micro-Pitch Flip-Chip by Epoxy Filling Rate
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This study investigates epoxy filling rate in the capillary underfill process of flip-chip packaging when the air is not trapped.
Various design features were considered, they include; the shape of soldering bump, inlet size, bump height and bump
spacing. The geometric models were made by CATIA and the analysis was carried out using commercial CFD software
(Moldex3D capillary underfill packaging). In order to improve the usability of the analysis, the spherical bump shape was
authenticated by the means of believe as a rhombic shape, and the analysis results were verified. The inlet size did not in
any way whatsoever affect the underfill process analysis. From the analysis, we concluded that the epoxy of center parts
needs to fill 80% or more of the inside of the edge in order to keep away from the air trapping on the flip-chip. This result
can be a guideline for the underfill process conditions that may not be a reason for the air trap in the flip-chip design and

manufacturing.
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Fig. 1 Underfill process
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Fig. 2 Example of capillary flow
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Table 1 Underfill process conditions

Conditions Value
Temperature 75°C
Inlet position Chip middle
Inlet pressure 50 kPa
Inlet diameter 180 pum
Table 2 Underfill analysis conditions
Conditions Value
Contact temperature 75°C
Contact angle 30°
Surface tension 0.03 N/m
Viscosity of epoxy 5500 g/cm-sec
Width of bump
9-~10 um
hel;.hl of bump
Sum 9~10 um
(a) Bump design
11~12 um
d 4D G -
34 um
(b) Actual bump shape

Fig. 3 Shape difference of bump in the flip-chip packaging
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End of Filling
Time (sec)

0.008
0.000 Moldex

(a) Underfill analysis of square shaped bump
(20 by 20, 2/3 inlet size)

End of Filling
Time (sec)

0.052

I ‘o]:::: L\'\olds:(uw
(c) Underfill analysis of rhombus shaped bump
(20 by 20, 1/3 inlet size)

Fig. 4 Capillary underfill analysis of different bump types
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End of Filling
Time (sec)
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(b) Underfill analysis of thombus shaped bump
(20 by 20, 2/3 inlet size)
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(d) Underfill analysis of cylinder shaped bump
(20 by 20, 1/3 inlet size)

3
M3me] o] WS} 9 M Aole] 1H2e] Wislo] e b 3
Aol tisto] s14e stk

2.3.1 HIZ SAJ0 mE s

&ujy e YARe VAo FYoR ArEt. Tei,
Fig. 3(b)olA1e} 2ol AAZIel ake o] st 7lge] &
oA e Ebl el WalskA Hok e s agdoR
sp7] Slste] Wzel B4 W15 Pz Beslsh Jlo] FL
Ao PerElct. i, Q71F Fel WL AAslel vlas
AT Ao Wiale] A4t ARA R Sk Bl WA
stk ZlEA o w4e ATt ZKES sl 715k
Mo Z71spl B BAHe] Uekdt. oleidt ZARE Fo|
7] istol WIe] YA Ao E Wste] AT AL
efstgich. We] YAS AP o= sh, Xt ke
2ol AAZIY R & A 9E v LAt

W] o0l 5 um, o EA 74 2718 7km A Zole]
302 TS PR viER Ge, e %A 29 A7)
2 ke A7) dole] 1302 TAT nhEmet A7) e Y
22 Atk AL ol BAZE AAHOR 100% FHE A
2k 251l o] ARk Aol WBHE Fof AISMACE S
Figs. 448 6] 912 zke} wjois Z40% AR Ltehich. Fig. 4

al
=]
gl



644 / June 2018

End of Filling

Time (sec)
0.786
0734
0.682
0.629
0.577
0.524
0472
0419
0.367
0315
0.262
0.210
0.157
0.105
0.052
0.000 Moldex

(a) Underfill analysis of 2/3 inlet size (100 by 100)

Fig. 5 Capillary underfill analysis of different inlet sizes

End of Filling
0.280
0.258

0.194

Time (sec)
0.108
0.065
0.000 Moldex

0.323
0.301
0237
0215
0.172
0.151
0.129
0.086
0.043
0.022

(a) Bump height: 3 um

End of Filling

Time (sec)
0.515
0.481
0.446
0.412
0.378
0.343
0.309
0.275
0.240
0.206
0.172
0.137
0.103

(¢) Bump height: 7 um

Fig. 6 Capillary underfill analysis of different bump heights
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Time (sec)
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(b) Underfill analysis of 1/3 inlet size (100 by 100)
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Time (sec)
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(b) Bump height 5: um
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Fig. 7 Example of analysis criteria: When the epoxy was 100%
filled at the edge of the chip, the epoxy filled ratio of the
vertical line on the chip center was analyzed
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Fig. 8 Filling rate depending on different bump heights
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End of Filling
Time (sec)

(a) Bump spacing: 1 um

End of Filling
Time (sec)
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0.000 Moldex

w n 5100

(c) Bump spacing: 5 um
Fig. 9 Capillary underfill analysis of different bump spacings
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Fig. 10 Filling rate depending on different bump spacings
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(d) Bump spacing: 7 um
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