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Board-Level Drop Analyses having the Flip Chips with Solder balls of
Sn-3.0Ag-0.5Cu and Sn-1.0Ag-0.5Cu

Seong-Keol Kim'

Abstract

Key Words :

Recently, mechanical reliabilities including a drop test have been a hot issue. In this paper, solder balls with new
components which are Sn-3.0Ag-0.5Cu and Sn-1.0Ag-0.5Cu-0.05N are introduced, and board level drop test for them are
conducted under JEDEC standard in which the board with 15 flip chips is dropped as 1,500g acceleration during 0.5ms.
The drop simulations are studied by using a implicit method in the ANSYS LS-DYNA, and modal analysis is made. Through
both analyses, the solder balls with new components are evaluated under the drop. It is found that the maximum siress
of each chip is occurred between the solder ball and the PCB, and the highest value among the maximum stresses in the

chips is occurred on the chip nearest to fixed holes on the board in the drop tests and simulations.
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Fig. 1 Typical drop test apparatus and mounting scheme for
PCB assembly
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Fig. 2 Drop test apparatus of the RIST in Pohang

Table 1 Solder compositions and substrate pad finishes used in

drop test
@
No. |Substrate pad finish|Solder composition Sample size
#01 Cu 10um Sn-3.0Ag-0.5Cu | 30chips/2boards
#06 CuNi 5/3um Sn-3.0Ag-0.5Cu | 30chips/2boards
#3A CuNi 5/3um Sn-1.0Ag-0.5Cu | 30chips/2boards
#3 Cu 10um Sn-1.0Ag-0.5Cu | 30chips/2boards
(b)
Item Dimension
Drop board 132x77x1mm
Component 5.6x5.6mm
Ball array 14x14
Ball pitch 400um
Ball size 250um
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Table 2 The results of the drop tests(averaging cycles of

Table 3 Comparison of maximum von Mises stresses in solder
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Fig. 4 Quarter model for drop simulation by implicit method
in the ANSYS

Table 4 Properties of materials

Elastic modulus Poisson ratio Density
(MPa) ‘ (kg/m’)

Sn/3.0Ag/0.5Cu| 48,000 03 7,400
. Solder
S1.0Ag/0.5Cu| 33,400 0.3 7,360
-0.05Ni : Solder
Cu(305) : UBM| 76,000 0.35 8,900
Ni(105) UBM 213,000 0.2 8,900
Chip 131,000 0.278 2,330
PCB-FR4 22,000 0.28 1,900
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(¢) Distribution of von-Mises stress in chip #10

Fig. 6 Results of drop simulation by a quarter model (305
solder compenent)

(c) Distribution of von-Mises stress in chip #5 (b)
Fig. 5 Results of drop simulation by a quarter model (105 Fig. 7 Locations of maximuwm von_Mises yield stresses in chips
solder component) by drop simulation for the quarter model

197



dyd

Table 5 Comparison of maximum von_ Mises yield stresses in
chips by drop simulation for the quarter model

. Sn/1.0Ag0.5Cu | Sn/3.0Ag/0.5Cu

# f h bl 2.

ot cap (kgf/mm") (kgf/mm")

3 119,523.0 135,774.0

4 83,045.9 95,835.2

5 207,385.0 243,689.0

8 129.274.0 150,529.0

9 104,620.0 123,111.0

10 573389 72,061.8
5> 5>
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Fig. 8 FE model of full PCB and a centered chip with solder
balls for modal apalysis

Table 6 Results of modal analyses

No. of mode SW/1.0Ag0.5Cu | Sw/3.0Ag/0.5Cu
- of mo Natural freq. (Hz) | Natural freq. (Hz)
1 490.11 490.16
2 888.78 888.78
3 1,1953 1,1953
4 1,350.7 1,350.8
5 1,732.0 1,732.0
6 1,004.2 1,904.6
7 2,061.5 2,061.8
8 2,699.2 2,699.8
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(a) Displacement vector sum

(b) Elastic strain density

Fig. 9 The 1st model shape (Sw1.0Ag/0.5Cu, 490.11Hz)

(a) Displacement vector sum

{b) Elastic strain density

Fig. 10 The 2nd model shape (Sn/1.0Ag/0.5Cu, 888.78Hz)
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Table 7 Results of modal analyses using quarter models

No. of Sn/1.0Ag/0.5Cu Sn/3.0Ag/0.5Cu

mode Natural freq. (Hz) Natural freq. (Hz)
1 399.14 (1st, 490.11) 399.59 (1st, 490.16)
2 1,092.4 (4th, 1,350.6) | 1,093.3 (4th, 1,350.7)
3 1,524.4 (6th 1,904.2) 1,526.6 (6th 1,904.6)
4 2.175.9 (8th, 2,699.2) | 2,178.3 (8th, 2,699.8)

(b) von-Mises stress

Fig. 11 The 1st model shape (Sn/3.0Ag/0.5Cu, 399.59Hz)
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