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Article history:

The need for drop simulations for board-leveled flip chips in micro-system

Received 30  December 2014 packaging has been increasing. There have been many studies on flip chips with
Revised 15 January 2015 various solder ball compositions. However, studies on flip chips with
Accepted 22 January 2015 Sn-1.0Ag-0.5Cu and Sn-3.0Ag-0.5Cu have rarely been attempted because of the
unknown material properties. According to recent studies, drop simulations with
K?yw or ds these solder ball compositions have proven feasible. In this study, predictions of
Flip Chlr?s ' the impact lifetime by drop simulations are performed considering Cu and Cu/Ni
Impact .hfe U.me UBMs using LS-DYNA to alter the design parameters of the flip chips, such as
Drop simulations thickness of the flip chip and size of the solder ball. It was found that a smaller
Solder balls chip thickness, larger solder ball diameter, and using the Cu/Ni UBM can
UBM improve the drop lifetime of solder balls.
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Fig. 1 Schematic diagram of pcb board, flip chips and solder
balls packaging

Table 1 Sizes of PCB board, flip chips and solder balls packag-

ing

Item Dimension

PCB board (mm) 132x77x1

Chip (mm) 5.6%5.6x0.3

Ball size (mm) 0.25x0.167
Ball pitch (mm) 0.15
Number of array (ea) 14x14
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Fig. 2 Remodeling of the solder balls

Fig. 3 Meshed model of packaging with flip chips
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Table 2 Modified design parameters of flip chips with solder

balls

(mm) C.hip -Chip B-all B-all Ball
size thickness size pitch array

Original | 5.6x5.6 0.3 0.25 0.4 14x14
Model 1 | 5.6x5.6 0.3 0.2 0.4 14x14
Model 2 | 5.6x5.6 0.3 0.3 0.4 14x14
Model 3 | 5.6x5.6 0.3 0.35 0.4 14x14
Model 4 | 5.6x5.6 0.2 0.25 0.4 14x14
Model 5 | 5.6x5.6 0.4 0.25 0.4 14x14
Model 6 | 5.6x5.6 0.5 0.25 0.4 14x14

Table 3 Modified design parameters of chip thickness

(mm) Chip thickness Ball size
Original 0.3 0.25
Model 4 0.2 0.25
Model 5 0.4 0.25
Model 6 0.5 0.25

m Model 4

| I W N N ]

!_! Original
N W N NN NN

_ Model 5

Fig. 4 Modelings of packagings by changing thickness of flip
chips

Table 4 Modified design parameters of sizes of solder balls

(mm) Chip thickness Ball size
Original 0.3 0.25
Model 1 0.3 0.2
Model 2 0.3 0.3
Model 3 0.3 0.35
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Fig. 5 Modelings of packagings by changing sizes of solder balls

Table 5 Material properties of the PCB, chips and solder palls”!

Young’s Poisson’s Yield Density

Item Type | Modulus Ratio Strength & g/mm3)
(MPa) (MPa)

PCB FR4 22,000 0.280 60.0 1.90E-6

Solder SAC 48,000 0.300 35.1 7.40E-6

Chip Silicon | 131,000 | 0.278 60.0 2.33E-6

Fig. 6 Supporting and loading conditions
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Fig. 7 Result of drop simulation for PCB board with flip chips

Table 6 Result of drop simulation by changing chip thickness

Chip thickness Pressure (MPa)
(mm)
Chip number 0.2 0.3 0.4 0.5

#1 -67.263 | -57.744 | -78.527 | 111.54

#2 -74.239 | -94.469 | 70.669 | 86.918

#3 -54.852 | 61.947 | 85.62 103.34

#4 62.497 | 95.852 | 101.08 | 137.27

#5 34.579 | 53.077 | 51.334 | 57.774

#6 38.14 | 48.179 | -50.591 | 55917

150
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= -2
100 | o #3
% ——##4
E B —=H#5
é 50 / ——#6

0 T T T 1
0.2 0.3 0.4 0.5
chip thickness (mm)
Fig. 8 Maximum pressure in a solder ball of each chip on PCB

board by changing chip thickness
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Fig. 9 Maximum pressure in a solder ball of each chip on PCB

board by changing ball size

Table 7 Result of drop simulation by changing ball size

Ball size Pressure (MPa)
(mm)
Chip number 0.2 0.25 0.3 0.35
#1 134.85 -57.744 32.659 -21.166
#2 -107.13 -94.469 -12.347 -43.275
#3 96.156 61.947 -30.552 28.269
#4 182.45 95.852 48.35 49.32
#5 116.42 53.077 33.286 25.522
#6 147.44 48.179 21.671 32.961
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Table 8 Material properties of solder ball with 305 composition Table 9 Results of simulations on life prediction by changing
for simulation of impact life time!"*"! chip thickness

Previous Latest (a) Cu UBM (life cycles)
researches | researches Chip thickness Cycles (Cu UBM)
h ffici MP. 29.1 29.1 mm
Strength Coefficient (MPa) 9 9 Chit mumbes (mm) 02 03 0.4 05
Strength Exponent -0.076 -0.076 P
Ductility Coefficient 0.325 0.2 zl 57565 936.29 346.63 112.09
2 416.31 190.67 | 489.27 | 249.39
Ductility Exponent -3428 -0.57
- ; #3 1136.9 756.18 | 261.82 142.99
Cyclic Strength Coefficient (MPa) 93.3 200
: : : #4 734.27 181.97 153.47 63.771
Cyclic Strain Hardening Exponent 0.26 0.026
#5 5776.6 1270.8 1423.7 954.62
Young's Modulus (MPa) 48,000 54,000
- #6 3890 1769.4 1496.4 1065.5
Yield Strength (MPa) 22.6 25.3
(b) Cu/Ni UBM (life cycles)
Chip thickness Cycles (CwNi UBM)
(mm)
Chip number 0.2 0.3 04 0.5
#1 582.16 967.29 350.49 113.31
] ™ #2 420.97 192.77 49478 252.15
e Sikon wafer #3 1150.1 | 76481 | 264.73 | 14455
(@) Cu UBM (b) Cu/Ni UBM #4 74264 | 18397 | 15515 | 64228
Fig. 10 Structure of a solder ball by the UBM compositions 45 58393 1285.6 1440.4 965.6
#6 3938.1 1790.3 1513.9 1077.8
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Table 10 Results of simulations on life prediction by changing
solder ball size

(a) Cu UBM (life cycles)

Ball size Cycles (Cu UBM)
(mm)
Chip number 0.2 0.25 0.3 0.35
#1 66.227 956.29 7137.5 42483
#2 127.44 190.67 961.57 2570.2
#3 180.13 756.18 9201.2 12461
#4 37.66 181.97 1748 1632.6
#5 97.95 1270.8 6645.4 18846
#6 55.326 1769.4 3816.6 6894.6

(b) Cu/Ni UBM (life cycles)

Ball size Cycles (Cu/Ni UBM)
(mm)
#1 66.718 967.19 7229.8 43151
#2 128.84 192.77 986.81 2601.1
#3 182.11 764.81 9322.8 12631
#4 37.884 183.97 1768.6 1651.8
#5 98.996 1285.6 6730.8 19114
#6 55.688 1790.3 3875.8 6983.5
45000
40000 4
35000 //
’%* 30000 / ——=1
I 25000 / ———=
2 20000
15000 /[ -~ -
10000 %
5000
0 - __/
0.2 0.25 03 035
Ball size(mm)

(a) Cu UBM (life cycles)
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=
= 30000 -
z —— 3
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20000 A —_—

o j

0
0.25
Ball S.Lzefm.m.)

(b) Cu/Ni UBM (life cycles)

Fig. 13 Prediction of drop life time in a solder ball of each chip
on PCB board by changing solder ball size
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