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Abstract

Photoelectrochemical deposition of copper and nickel on
TiO, particles was investigated. The stable deposition of
these metals on TiO, particles with irradiation was observed
under the conditions that had not been reported previously.
The deposition mechanism was investigated with ICP-AES,
XRD, and other methods. It was clarified that the
photoelectrochemical deposition of nickel occurred due to
the quantum size effect of nano-scale TiO, particles.

Combining this phenomenon with electroless plating

technique, the titled new plating method has been

developed. Compared to the conventional plating methods,
the developed method has the following characteristics :

1) It does not require resists and Pd colloids that act as
nuclei for the electroless plating reaction.

2) Metal patterns are formed by simple processes.

It is very difficult to form resist patterns on a substrate
with a stepped or curved surface. Therefore, this method is
more effective in forming metal patterns on the substrate.
The application of this method to molded interconnection

devices is expected.
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Table 1 Type of deposits on TiO, particles with irradiation.

Sacrificial electron donors

Acetic acid

pH EDTA TEA  Methanol
13 Cu,0 Cu x 0
11 Cu,0 Cu,O x

9 Cu Cu,0O X

7 Cu CuO x

5 cu O% 0

Cu : Color of the solutions turned
x black or reddish black due to
x deposition of Cu.
x Cu,0 : Color of the solutions
M turned blackish yellow due
to deposition of Cu,0.
O

a)lJ denotes no changes in color.
b)x denotes CuO was formed when the pH value was adjusted.

Oxygen concentration / 10~ *M

Fig. 2
TiO,
Conduction band
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@ OH’
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Fig. 3

Cu/ Ti molar
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— EDTA

:0.005M CuSO, - 5H,0 + 0.02M EDTA
: 1g dm" > TiO, + 0.02M EDTA
,® :1gdm"”’TiO, + 0.005M CuSO, - 5H,0
+0.02M EDTA
:1g dm"’ TiO, + 0.005M CuSO, - 5H,0
+ 0.2M methanol
:1g dm"’ TiO, + 0.005M CuSO, - 5H,0
+ 0.2M acetic acid

The concentration of oxygen and the Cu / Ti molar ratio of the residue as a function of irradiation time.

E/VVLNHE
—1

0, +2H" + 2¢ / H,0,

3..

The energy [ level diagram for photoelectrochemical deposition of copper on TiO, particles.
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Table 2 Experimental condition.

Tio,0 2 10g dm"”?
NiCl, - 6H,0 0.1M

Cit 0.2M

pH 60 10
Temperature ca. 600
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Table 3 Composotion of electroless copper and nickel
plating solutions.

Type of electroless plating solution

Copper Nickel
CuSO, - 5H,0 0.04M O
NiCl, - 6H,0 O 0.1IM
EDTA 0.3M O
Cit O 0.2M
HCHO 0.1IM O
NaPH,0, - H,0 O 0.IM

(b)

Fig. 8  Deposition of copper on TiO,[ 200 adhered alumia plate in the electroless copper plating solution with
irradiation : (a)lrradiated for 4min, (b)Irradiated for 15min and kept for 1h.
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(a)The mask. (b)Pattern of plated copper on
the alumina plate.
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Fig. 10 Relationship between the peel adhesion
strength of the copper layer and the etching
amount of the alumina plate : (O ) plated on
TiO,0 20 adhered[] alumina plate
without heat treatment before plating, (LI )
plated on alumina plate activated with
commercially available seeding solutions.
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before plating.
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Fig. 12 Copper[ pattern formation : a)Area selective photo plating method, b)Full O additive method.
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