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Schematics of experimental device. (a) the
structure for immersion soldering; (b) the initial
solder joint; (c) experimental device
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Simulation results of temperature distribution in
the solde under temperature gradient experi-
ment. (a) 1 000 ‘C/em(L + S); (b) 1000 C/cm(S +
S); (c) 1300 CT/em(S + S); (d) 1 500 T/ecm(S + S)
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Table 1 Experimental conditions for temperature
gradient of Cu/Sn-58Bi/Cu solder
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B, i & 3(a) B9 SEM EI AT LIIEL B4R 5 N Sn-
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#3001 S 010

(a) SEM [#

(c) A4 H (d) Bi i EBSD Hfi

B 3 Cu/Sn-58Bi/Cu #IIRHIE R B EBHWALR
Fig. 3 Microstructure of Cu/Sn-58Bi/Cu initial solder
image. (a) SEM; (b) EBSD; (c) phase distribution;
(d) Bi phase EBSD orientation
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(a) 5 min (b) 15 min

(c) 30 min

(d) 60 min

4 Cu/Sn-58Bi/Cu {2 A7E 1 000 C/cm B EEHE E T @i 7 B i il /5 i A 47
Fig. 4 Morphology of Cu/Sn-58Bi/Cu solder reflow for different time under 1 000 ‘C/cm temperature gradient. (a) 5 min;

(b) 15 min; (c) 30 min; (d) 60 min
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(a) 100 h

(b) 200 h

Cu,Sn, Cu;Sn

(c) 400 h

B 5 Cu/Sn-58Bi/Cu fI& &% 1 000 Clem B EEHE B T B A B B 18] R W 4B 41
Fig. 5 Morphology of Cu/Sn-58Bi/Cu solder aging for different time under 1 000 C/cm temperature gradient. (a) 100 h;

(b) 200 h; (c) 400 h
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(a) 0 °C/cm (b) 1 000 °C/cm

(c) 1300 °C/em (d) 1 500 °C/em

6 Cu/Sn-58Bi/Cu I MEREIREHEE T 100 h FRRAL
Fig. 6 Morphology of Cu/Sn-58Bi/Cu solder after aging for 100 h under different temperature gradients. (a) 0 ‘C/cm; (b)

1000 “C/cm; (c) 1 300 CT/em; (d) 1 500 Clem

1000 C/cm 1200 C/em

200h &

400h &

1300 C/cm 1500 °C/cm

5

B 7 AEZFHETHESS B TEST
Fig. 7 Distribution of Bi element in solder under different conditions
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7 I T

8 ARFHTHIESRH Sn TESH

Fig. 8 Distribution of Sn element in solder under different conditions

(b) 1 000 C/cm

(c) 1300 “C/cm

(d) 1 500 °C/em

9 Cu/Sn-58Bi/Cu & SR ELREHEE TR 200 h FRWAR
Fig. 9 Morphology of Cu/Sn-58Bi/Cu solder after aging for 200 h under different temperature gradients. (a) 0 ‘C/cm; (b)

1 000 C/cm;(c) 1 300 C/em; (d) 1 500 Clem
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(a) 0 °C/em (b) 1 000 °C/em
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(c) 1 300 °C/em (d) 1 500 °C/em

B 10 Cu/Sn-58Bi/Cu I8 m7ER ELREHEE TR 400 h FIRWAR
Fig. 10 Morphology of Cu/Sn-58Bi/Cu solder after aging for 400 h under different temperature gradients. (a) 0 C/cm;

(b) 1 000 C/cm;(c) 1 300 T/em; (d) 1 500 CT/em
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#1500 °Clem i
(d) 1 500 °C/cm

B 11 AEEEHET B RFEIBTEE

Fig. 11 Schematic image of Bi atom migration at
different temperature gradients. (a) 0 C/cm; (b)
1000 C/cm; (c) 1 300 T/em; (d) 1 500 T/ecm
e Cu e’
B/'l‘S 7%
i Sn ,
————— -
e i

E 12 AREEEHET CuEFIBREE
Fig. 12 Schematic image of Cu atom migration at
different temperature gradients
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