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Abstract

Chloride plating solution was fabricated by dissolving metal Ni powders in a mixed solution with HCI

and de-ionized water. Effects of Ni*" and saccharin concentrations in the plating baths on current efficiency,
residual stress, surface morphology and microstructure of Ni films were studied. In the case of 0.2 M Ni
concentration, current efficiency was decreased to about 65 % with increasing saccharin concentration, but,
in the case of 0.7 M Ni*" concentration, it was shown more than 90 % with the increase of saccharin con-
centration. Residual stress of Ni thin film was appeared to be about 400 MPa up to 0.0244 M saccharin
concentration at the 0.2 M Ni** concentration and surface morphology with severe cracks was observed in
the range of 0.0487~0.0975 M saccharin concentration. Residual stress of Ni thin films was measured to
be about 750 MPa without saccharin addition and 114~148 MPa at the range of 0.0097~0.0975 M saccharin
concentration for the 0.7 M Ni’" concentration. Relatively low residual stress values (114~148 MPa) of the
Ni films at the range of 0.0097~0.0975 M saccharin concentration may be resulted from codeposition of
S from saccharin. Ni films at 0.7 M Ni*" concentration showed smooth surface morphology and were inde-
pendent of saccharin concentration. Ni films at 0.7 M Ni*" concentration consist of FCC(111), FCC(200),
FCC(220) and FCC(311) peaks and the intensities of FCC(111) and FCC(200) peaks increased with increasing
saccharin concentration. Also, the average grain size decreased with increasing saccharin concentration from
about 30 nm to about 15 nm.
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Table 1 Bath compositions and operating conditions
(unless otherwise noted) for Ni thin films electrode-
posited from chloride baths.

Ni** 02 Mor 0.7 M
. HCI 180 mL/L
Chemicals
H;BO; 04 M
Saccharin 0~0.0975 M
Current density 10 mA/cm®
Solution pH 4
. Substrate Cu test strip (1194)
Conditions
Temperature Room temp.
Agitation None
Film thickness 3 pm or less
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Fig. 1. Current efficiency and residual stress of Ni thin
films electrodeposited on Cu test strip as a function of
Ni** and saccharin concentrations in the baths: (a)
current efficiency, (b) residual stress [(NP: 0.2 M &
0.7M, HCI: 180 mL/L, H;BOs;: 0.4 M, saccharin:
0~0.0975 M, pH: 4, film thickness: 3 um or less, room
temp., agitation: none)] and (c) the cracked Ni thin film
at 0.2 M N** and 0.0487 M saccharin concentration in
Fig. 1(b).
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Fig. 2. Dependence of surface morphology on saccharin
concentrations in Ni thin flms coated on Cu test strip:
(a) 0, (b) 0.0487, (c) 0.0731, and (d) 0.0975 M. (Ni*":
0.7 M, HCI: 180 mL/L, H;BO;: 0.4 M, current density:
10 mA/cm?, pH: 4, fim thickness: 3 um or less, room
temp, agitation: none).
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Fig. 3. XRD patterns of Ni thin films coated on Cu test
strip as a function of 0~0.0975 M saccharin
concentrations (Ni**: 0.7 M, HCIl: 180 mL/L, H;BO;:
0.4 M, current density: 10 mA/cm?, pH 4, film thickness:
3 um or less, room temp, agitation: none).
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Fig. 4. Average crystalline size calculated from the line
broadening of all the peaks in XRD pattern as a function
of saccharin concentrations, using the classical Scherrer
relationship for Ni thin fiilms coated on Cu test strip. (Ni*":
0.7 M, HCI: 180 mL/L, H;BO;: 0.4 M, current density:
10 mA/cm?, pH 4, film thickness: 3 um or less, room
temp, agitation: none).
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