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Table 1 Material parameters used in [inite element
simulation
MK i BT/ M Pa HEALE | R/ C!
si | w00 | 0.30 2.7X10° 6
FR4 16000 0.28 1.6X10°°
T 296000 0.28 5.9X10°
itk 9000 i€t 2.6 107 %
AR 0.30 |
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Fig.3 Chip sites on the substrate
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Table 2 Summary of finite element simulations for dif-

ferent chip sites on FR4 substrate MPa
1 2 3 4 5
Seqr Max 177. 65 177. 565 177. 604 178. 006 177.927
Min 44, 964 44,722 44. 757 44,359 44. 46
S Max 78.127 78. 007 78. 006 77.577 77. 561
Min | = 161.421 | = 160.844 | - 161. 079 | - 161. 383 | - 160. 582
S, M ax 78. 098 78.014 78. 121 77.569 78.153
Min | = 161.411 | - 160.855 | - 161. 528 | - 161. 377 | - 161. 595
S.r Max 57.504 57.181 57.473 55.723 57.251
Min | - 56.248 | - 56.287 | - 56. 161 | - 56.273 | - 56.253
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chip on the center of FR4 substrate

Simulation results for residual stress with
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Table 3 Summary of finite element simulations for dif-

ferent chip sites on ceramic substrate MPa
1 2 3 4 5

i Max 303. 317 302. 844 303.419 305. 062 303. 388

Y Min | 13.008 | 12.737 | 12.889 | 11746 | 12.399

s Max 80. 356 80. 303 80. 311 80. 175 80. 269

Min | - 107.284 | - 107.4 | - 107.444 | - 109.23 | - 107. 799

Max 80. 379 80. 325 80. 326 80.219 80,267
Min | — 107.386 | - 107.29 | - 107.489 | - 109.045 | - 107. 676

Max 28. 705 28. 678 28.7 28. 397 28.597
Min | - 27.797 | - 28,19 | - 28.026 | - 28.359 | - 28. 178
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Fig. 5 Simulation results for residual stress with chip on the center of ceramic substrate
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Table 4 Displacement values of nodes at two tops of

the chip after curing

B SR | T o | A Ux /mm Uy /mm Uz /mm
X k. 6650 |- 0.12722X10- 3[- 0.12734%10- 3|~ 0. 12322 10- |
Fid F 5378 |- 0.35452X10- 2 |- 0, 35454 % 10~ 3_— 0, 10624 % 10~ 1
i I 6650 |~ 0. 64528 10~ 3|~ 0. 64566 10~ 3|~ 0. 52160 10~ 2
W F 5378 |- 0.21383%10- 2|~ 0.21387% 10~ 2|~ 0. 26498 X 10- 2
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350

Residual stress/MPa
§ &
=

Thickness/mm

Pel 8 S T AS [7 Bl 8 4 A 5 2 IR 4 S5 A5 1) 5k o B2 )

B¢ 0. 05mm, 51 JEEE 1. 35mm

Fig. 8 Residual stress in chip vs the thickness of ce—
ramic substrate after curing thickness of adhesive

= 0.05mm, thickness of chip= 1. 35mm.



6 3] AR B P R R AR I ) 43 A A R S B

3.3 MERMEEMNZRKLNNEND

B9 &5 il T JEBUR F FR4 I AS [A) JBe 52 1% R
RS ALY SR SR DB N VIS TN L
DIy B TE N A i dse KR N, B B K A5 00N
DI B AE I D7 H 1 s R g I T JEE S 16 i 920,
ERE AT AR AR AR 9 FELAS . T s K BY 1)1 g B G )5
BERG N S vk 5 14, FEFE WA 25% ~ 30% .

200

=

a 160 —— S

E 120 +s:,_

L +S-r.-

% MEI?.

e 40 '

% —""%2 04 06
Thickness/mm

Pl 9 SR FRA BE 0N AN [R5 RE [ 05 5 5k
RIEN
Fig. 9 Residual stress in chip vs the thickness

of adhesive after curing with FR4 substrate used
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Distribution of Residual Stress in Packaging Assemblies
of Chip on Board

Huang Weidong, Sun Zhiguo, Cai Xia, Luo Le and Cheng Zhaonian

( Shanghai Institute of Microsystem and Information Technology. The Chinese A cademy of Sciences, Shanghai 200050, China)

Abstract: The distribution of residual stress in the packaging assemblies of chip on board (COB) is investigated using FE sim-
ulations and experiments. Using FR4 and ceramic substrates, the most obvious difference of residual stress is on the distribu-
tion of equivalent stress. T he simulation results show that the thickness of the substrate has an influence on residual stress on-
ly for thickness O~ 1. Omm.The simulations also indicate that the thickness of adhesive has some effects only on the residual
shear stress when FR4 substrate is used. But in case of ceramic substrate, the equivalent stress decreased significantly as the
thickness of adhesive increased. It means that the adjustment of the thickness of adhesive could be served as a process for low
stress packaging of a ceramic-based structure. T he simulated results are near to the data measured by test of silicon piezoresis—
tive sensors, and the signs (positive or negative) of the residual stress of both the simulation and measurement are also the

same everywhere on the top surface of the die.
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