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Table 1 Material properties ( T is absolute temperature) N g QNp°, (5
Material  Elastic modul/ MPa CTE(10~ %K)  Poisson’ s radio . Ni . Ae . 8;
: ) P ;
63Sn37Sh 75482—152 T 24.5 0.35 ( E:: 0. 325 ) c
. b
Copper 120658 17 0. 345 (—0.5~—0.7)
Substrate mask 3999 35 0.4
b
Substrate core 15168 13 (x, y) 0. 195 ( .
57(z) )
Die attach 7377 52 0.3 HALT
b
adhesive
Die 130311 2.6 0.278
45 : ,
Adhesive 1500 52 0.4 il i-ramp-down=;
40 [')own-dw_t:g period
Aluminium 69000 24 0.34 e 35 time pert
PCB mask 4137 30 0. 40 = 30
3 25
PCBeore 27924—37T(x,y»)  16(xy)  0.39(xz &yz) - 20
0
12204— 16 T (z) 84(2) 0. 11Cx) 215
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Encapsuhtion 15513 15.0 0.25 5 ‘
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Fig. 1 Finite element model with boundary conditions
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Fig. 2 Equivalent plastic strain versus equivalent

stress during the forth cycle
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Fig. 3 Curve of stress in up dwell
time period(0— 8 hour)
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Fig. 4 Plastic strain in up-dwell time period

versus the length of up-dwell time
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Fig. 7 Influence of ramp up and ramp-down rate
’ on plastic strain of soldered joints at different
’ stage of a thermal cycle
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Table 2 Influence of ramp-up and ramp-down rate on plastic strain and test time
Ramping rate ('C/ Min) 5 12 20 30 40 50 60 72 83
Plastic strain(ramp-up) 102 1. 046 1. 027 1.017 1.012 1. 009 1. 008 1. 008 1. 007 1. 007
Phstic strain(ramp-down) 102 1. 071 1. 027 1. 01 0.9993  0.9927 0.9884 0.9846 0.9812 0.9 786
Cycles to failure (ramp-up) 487.5 502. 6 510. 8 515.1 517.6 518.5 518.5 519.3 519.3
Cycles to failure(ramp-down) 468. 6 502.6 516.8 526 531.9 535.7 539.2 542.3 544.7
Time to failure(ramp-up) (h) 658. 1 502.6 459.8 437.8 427 420.5 414.8 411. 1 408.3
Time to failure( ram p-down) (h) 632.7 502. 6 465. 1 447. 1 438. 8 434.5 431.3 429.3 428.2
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Table 3 Influence of up-dwell temperature on 9 °
plastic strain and gldbal test time 4
Maximum o 95 110 125 140 155 Table 4 Mean thermal cyde lifetimes of soldered
tem perature 7/ C . . .
joints versus up-dwell time
Phstic strain 0. 00 527 0.00 742 0.01 027 0.01 741 0.0222
. Up-dwell time # min 2 5 10 15
Cycks to failure 1527.1  863.9 502.6 208.5 139. 1
. Mean lifetimes(cycle) 272 234 179.5 172
Test time 1399.8  825.5 502.6 216. 6 150. 7
Test time ¥ hour 178.3 165. 1 141. 6 150
b
0 C.—10 C.—25 C.—40 C, .
150G 10

—55 C.—70 C.—85 Q

min, 15 ¢ min,



42 1z

® %24 %

—55C —10 C

Table 5 Mean thermal cycle lifetimes of solder

joints versus down dwell temperature

The minimum temperature 7/ C —55 —10

Mean lifetimes(cycle) 179.5 173

Test time ¢/ h 141. 6 119.2

Fig. 9 Fatigue fracture of soldered joint
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