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Characterization of Sn-Al-Cu solder. (a) micro-
structure; (b) phase composition; (c) remelting
temperature
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Fig. 2 Microstructure and element distribution of active solder coating/AIN ceramic interface under ultrasonic action
time of 180 s. (a) cross section on SEM; (b) Al; (c) N; (d) Sn; (e) Cu; (f) element distribution
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Fig. 3 TEM images of Sn based solder/AIN ceramic interface. (a) bright field image; (b) high resolution photograph;
(c) selected area diffraction pattern of region C in Fig. 3b; (d) selected area diffraction results of point A in
Fig. 3a; (e) FFT results of point B in Fig. 3b; (f) selected area diffraction results of point D in Fig. 3a

(a) HAADF (b) Al @O0

Cu

() Sn () Cu (@ RERANMS

B 4 Sn E5F#I/AIN &R E TEM-EDS &8

Fig.4 TEM images of Sn based solder/AIN ceramic interface. (a) HAADF; (b) Al; (c) N; (d) O; (e) Sn; (f) Cu; (g)
element mixture distribution
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Fig. 5 Microstructure of joints at different TLP diffusion bonding times. (a) 1 min; (b) 15 min; (c) 30 min; (d) 60 min; (e)

120 min; (f) 240 min
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Fig. 6 Element distribution of AIN ceramic/Cu joints at holding temperature 300 °C for 60 min. (a) cross section on
SEM; (b) Al; (c) N; (d) Sn; (e) Cu; (f) element distribution
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Fig. 7 Element distribution of AIN ceramic/Cu joint at holding temperature 300 C for 240 min. (a) cross section on
SEM; (b) Al; (c) N; (d) Sn; (e) Cu; (f) element distribution
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Table 1 Energy spectrum analysis results and possible phases in Fig. 5

(VA= 5§ ] ¢/min N Al Sn Cu Al figAH
Al 1 1.37 — — 98.62 Cu
A2 1 3.18 0.17 91.66 4.99 Sn
A3 1 39.21 60.29 0.04 0.47 AIN
BI 15 — — 21.46 78.54 Cu;Sn
B2 15 — — 43.87 56.12 CugSns
B3 15 2.98 0.33 95.08 1.61 Sn
C1 30 — — 20.65 79.35 Cu;Sn
2 30 — — 42.48 57.52 CugSns
C3 30 3.21 0.45 95.33 1.01 Sn
DIl 60 — — 20.69 79.31 Cu;Sn
D2 60 — — 42.35 57.65 CugSns
El 120 — — 20.37 79.63 Cu;Sn
E2 120 — — 40.57 59.53 CugSns
F1 240 — — 21.19 78.81 Cu;Sn

) Sn B 58 VAR, RN Cu-Sn &EHLEG AW AIN FEZMZEE BRI, SR AfEER
Yy, T SE 4 4 B BIL &9 CugSns A1 CusSn 4 SUEEBRIE. SRR ZE K 2 120 min B, AIN P&/
WSk, I L m R RE S B . N Cu Sk MBS W& Se . MIE Se Al LA
72 1 RN 6 FTLAK I, BEAY Cu-Sn Z I EY HH K3, “FHEPRAY CusSn 2RI, 2O H]
INFEs, AR YA EWE Ca ot K. &N k2t K F 240 min f5, #2359 RO E 35 an
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Fig. 8 Fracture morphology after holding time of 30, 60 and 240 min. (a) AIN ceramic side of joint after holding time
30 min; (b) Cu side of joint after holding time 30 min; (c) AIN ceramic side of joint after holding time 60 min;
(d) Cu side of joint after holding time 60 min; (e) AIN ceramic side of joint after holding time 240 min; (f) Cu side

of joint after holding time 240 min
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