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Microstructure of Electrodeposited Sn-Ag-Cu Ternary Alloys
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Composition, surface morphology and phase structure of Sn-Ag-Cu ternary alloys electrodeposited from
pyrophosphate-lodide bath under the galvanostatic conditions were examined. Contents of Ag and Cu in the deposits
decreased with increasing current density. There was correlations between surface morphology of the deposits and their
compositions. Composition-phase diagram of the electrodeposits corresponded to Sn-Ag-Cu ternary aloy phase dia-

gram in the composition range with higher content of Sn.
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Tablel Compositionof Sn-Ag-Cu ternary aloy electroplat-
ing baths (mol dm"3).

Bath 1 Bath 2 Bath 3 Bath 4
K4P.0r 1 1 1 1
Kl 2 2 2 2
SnP0y7 0.25 0.25 0.25 0.25
Agl 0.005 0.025 0.025 0.01
Cu:P,0r 0.001 0.005 0.0125 0.0125
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Fig. 1 Current-potential curvesin various solutions: (a) 1 M
K4P:0;0 2 M KIO 0.25 M Sn:P:07, (b) 1 M KuP:0
02M KIO0.005 M Agl, (c) 1 M KsP.O;00 2 M KIO
0.001 M Cu:P:0y, (d) 1 M KsP:0,00 2M KIT 0.25M
Sn:P,0;] 0.005 M Agld 0.001 M Cu:P:0- (bath 1).
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Fig. 2 Relationship between current density and composition of electrodeposits:
(a) bath 1, (b) bath 2, (c) bath 3, (d) bath 4.
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Fig. 3 Surface morphology of Sn-Ag-Cu ternary aloy films Fig. 4 Surface morphology of Sn-Ag-Cu ternary aloy films

electrodeposited from bath 1 at various current densi- electrodeposited from bath 2 at various current densi-
ties: (8) 0.5A dm”2(Sn-3.4 a0 Ag-1.5at0 Cu), (b) ties: (@)0.5 A dm“2 (Sn-19.9 atJ Ag-7.9 a0 Cu),
10A dm"?(Sn-2.4 a0 Ag-1.0 atd Cu), (c) 1.5 A (b) 1L.OA dm”2(Sn-14.4 a0 Ag-5.6 a] Cu), (c) 1.5
dm”2(Sn-1.5a0 Ag-0.7 a] Cu). A dm“2(Sn-8.8at Ag-3.6a] Cu).

Increase of Ag content in deposits

<

Increase of Cu content in deposits

Fig.5 Surface morphology of Sn-Ag-Cu ternary aloy films electrodeposited from vari-
ousbathsat 1 A dm”? (a) bath 1(Sn-2.4 at0 Ag-1.0 a0 Cu), (b) bath 2 (Sn-14.4
ad Ag-5.6a0 Cu), (c) bath 4 (Sn-5.5a 0 Ag-11.8 a0 Cu), (d) bath 3(Sn-12.9
ald Ag-14.4 a0 Cu).
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Fig. 6 X-ray diffraction patterns of Sn-Ag-Cu ternary aloy
films electrodeposited from bath 1: (a) Sn-1.5 atd
Ag-0.7 a0 Cu (15 A dm”?), (b) Sn-3.4 a0 Ag-1.5
a0 Cu(0.5A dm”?), (c) Sn-8.5a0 Ag-3.2a 0 Cu

(0.2 A dm”?).
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Fig. 7 X-ray diffraction patterns of Sn-Ag-Cu ternary aloy
films electrodeposited from bath 2: (a) Sn-8.8 at[l
Ag-3.6 a0 Cu (1.5 A dm"?), (b) Sn-19.9 a0 Ag-
7.9a0 Cu(0.5A dm”?), (c) Sn-49.3 a0 Ag-18.5at
0 Cu (0.2 A dm“?).
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Fig. 8 X-ray diffraction patterns of Sn-Ag-Cu ternary aloy
films electrodeposited from bath 4: (a) Sn-4.0 at[]
Ag-8.1 a0 Cu (1.5 A dm“?), (b) Sn-5.9 a0l Ag-
26.9 a0 Cu (0.5A dm”?), (c) Sn-12.4 at0 Ag-65.6
at0 Cu (0.2 A dm”?).
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Fig. 9 Comparison of composition-phase diagram of electrodeposited Sn-Ag-Cu ternary aloy with that of thermally equilibrium
Sn-Ag-Cu ternary alloy. (a) Sn-Ag-Cu ternary alloy phase diagram at 370 , (b) Composition-phase diagram of electro-

deposited Sn-Ag-Cu ternary alloy.
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