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Board Level Drop Simulations and Modal Analysis in the Flip Chips with Solder Balls
of Sn-1.0Ag-0.5Cu Considering Underfill

Seong-Keol Kim*, Eun-Mo Lim"

Abstract

the board system.

Drop simulations of the board level in the flip chips with solder joints have been highlighted for years, recently. Also,
through the study on the life prediction of thermal fatigue in the flip chips considering underfill, its importance has been
issued greatly. In this paper, dynamic analysis using the implicit method in the Finite Element Analysis (FEA) is carried
out to assess the factors effecting on flip chips considering underfill. The design parameters are size and thickness of chip,
and size, pitch and array of solder ball with composition of Sn1.0Ag0.5Cu. The board systems by JEDEC standard is modeled
with various design parameter combinations, and through these simulations, maximum yield stress and strain at each chip

are shown at the solder balls. Modal analysis is simulated to find out the relation between drop impact and vibration of

Key Words : Flip chip(Z3]), Underfill($1EZ), Drop simulation(=3}3}}4]), Implicit method( A4} BIH), Modal analysis(X=3}4])
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Fig. 1 Schematic of configuration of PCB for drop simulation
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AMTYPE, 4
TRHOPT, FULL,

Transient analwsis
Full solution method

V&% time equals O.00005s
CELTIM, 0. 00005
TIME, 0. 00005

KBC. O

OUTRES, ERASE
OUTRES, ALL, ALL !

Specifies the time step sizes
Sets time to 0.00005 seconds

Ramped load step
Write every substep

BETAD, 0. 0001452 ! Sets Damping Ratio to 1.432

V&% time equals O. DDDESS

TIME, D. 00025 Sets time to 0.001 second
KBC. O ! Ramped load step

ACEL, 0,0, 14700000,

LSWRITE, 5.

Fig. 2 A half FEA model of the board level PCB packaging

Table 1 Input parameters including damping ratio and analysis
time for drop simulation

Damping ratio Time Load steps

0.0001432 0.00s ~ 0.03s 12
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Fig. 3 A chip FEA model of the PCB considering underfill

Table 2. Material properties of the board-level packaging
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Elastic modulus(MPa) POIS.SOH Dens1t3y =
ratio (kg/m’)
- Fig. 4 Distribution of von-Mises stress in chip #10 of model 1
Solder| Sn1.0Ag0.5Cu-0.05Ni | 33,400 0.3 7,360
Silicon 131,000 0278 2,330 . . . .
Table 4. Results of drop simulation by changing solder ball size
PCB-FR4 22,000 0.28 1,900
Underfill 10000 | 03 1.520 Original Model 1
Ball size Ball size
(mm) Underfill (mm) Underfill
Table 3. Modified design parameters of flip chips 025 035
Chip size| Chip |Ball size| Pitch ?hlp Maximum Maximum Maximum Maximum
(mm) arra (mm) (mm) thickness stress stress stress stress
Y (mm) (MPa) (MPa) (MPa) (MPa)
Original 5.6 14*14 0.25 0.4 0.3 C5 219.80 103.80 104.88 49.22
Model 1 5.6 14*14 0.35 0.4 0.3 C15 190.16 102.66 102.11 4728
Model 2 5.6 14*14 0.30 0.4 0.3 C3 129.57 66.25 88.54 41.33
Model 3 5.6 14*14 0.20 0.4 0.3 C8 108.44 63.25 86.89 37.77
Model 4 5.6 14*14 0.15 0.4 0.3 C13 103.61 56.53 71.11 33.01
Model 5 5.6 14*14 0.15 0.4 0.5 c9 102.92 55.10 67.88 30.01
Model 6 5.6 14*14 0.25 0.4 0.4 C4 95.93 4941 65.22 31.44
Model 7 5.6 14*14 0.25 0.4 0.2 Cl4 86.14 32.18 55.41 27.04
Model 8 6.0 14*14 0.25 0.4 0.2 C10 68.62 30.23 42.44 21.00
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Table S. Results of drop simulation by changing solder ball size

Table 7 Results of drop simulation by changing chip thickness

Model 2 Model 3 Model 5 Model 6
Ball size Ball size Chip Chip
(mm) 030 | Onderfil by 0n0 | Underfil thickness | Underfill | thickness | Underfill
Maximum | Maximum | Maximum | Maximum (mm) 0.50 (mm) 0.40
stress(MPa) | stress(MPa) | stress(MPa) | stress(MPa) Maximum Maximum Maximum Maximum
c5 251.08 13921 249.96 111.62 stress(MPa) | stress(MPa) | stress(MPa) | stress(MPa)
C15 259.22 140.09 238.70 111.21 C5 230.01 93.11 184.77 88.51
C3 137.35 69.77 147.89 71.90 Cl15 237.11 97.00 184.00 89.11
C13 129.90 70.78 139.77 64.96 8 147.78 61.22 113.00 3778
c9 89.99 39.98 124.55 58.18
C13 137.91 64.41 94.33 34.12
C4 87.65 41.22 120.08 58.06
cl4 | 8826 4426 112.87 53.94 | 1957 46.11 7822 2755
C10 58.03 2733 79.33 32.73 C4 117.99 38.14 66.62 27.22
Cl4 106.11 41.22 59.77 23.44
Table 6. Results of drop simulation by changing solder ball size C10 68.22 29.87 5422 19.56

Model 4
Ball size(mm) 0.15 Underfill
Maximum stress(MPa) Maximum stress(MPa)

C5 356.44 141.23
C15 372.22 134.42
C3 199.65 79.22
C8 242.66 76.22
C13 197.32 73.11
c9 191.09 63.22
C4 187.44 62.11
Cl14 161.32 59.24
C10 124.66 45.78
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Table 8 Result of drop simulation by changing chip thickness

Model 7
Chip thickness(mm) 0.20 Underfill
Maximum stress(MPa) Maximum stress(MPa)
C5 142.66 67.22
C15 137.70 73.12
C3 71.44 31.55
C8 92.01 32.11
C13 74.65 34.46
c9 67.41 25.79
C4 57.11 23.44
Cl4 51.22 19.78
C10 42.11 17.04
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Table 9 Result of drop simulation by changing chip size

Model 8
Chll;glnggnm ) Underfill
Maximum stress(MPa) Maximum stress(MPa)

Cs 245.56 99.81
C15 249.55 112.40
C3 154.47 57.81
C8 149.92 58.11
C13 135.57 58.72
c9 98.81 37.54
C4 94.21 38.44
Cl4 88.42 31.01
C10 70.10 30.01
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Fig. 8 Locations of maximum von_Mises yield stresses in chips
by drop simulation for the half model
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Table 10 Original design parameters of solder balls

. . Chip
(?rfne) Array (r'ifill) g:;}; thickness
(mm)
Original 5.6 14*14 0.25 0.4 0.3

Table 11 The result of modal analysis for a half model

Index of data sets on results file

Mode Natural frequency (Hz)
1 430.24
2 706.12
3 1572.8
4 2236.8
5 3873.7
6 48522
7 5961.6
8 6160.7
9 7483.3

10 8603.8

Fig. 10 The 1st model shape of an original model by modal
analysis
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