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Abstract : The process optimization was carried out to improve the throwing power (TP) and the thickness uniformity of the
electroless copper (Cu) plating, which plays a seed layer for the subsequent electroplating. The DOE (design of experiment) was
employed to screen key factors out of all available operation parameters to influence the TP and thickness uniformity the most. It
turned out that higher Cu ion concentration and lower plating temperature are advantageous to accomplish uniform via filling and
they are accounted for based on the surface reactivity. To visualize what occurred experimentally and evaluate the phenomena
qualitatively, the kinetic Monte Carlo (MC) simulation was introduced. The combination of neatly designed experiments by DOE
and supporting theoretical simulation is believed to be inspiring in solving similar kinds of problems in the relevant field.
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Figure 1. Definition of the throwing power (TP) of electroless Cu
plating solution.
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Figure 3. Comparison of the TP with respect to the kind of elec-
troless Cu plating basic solution.

(a) A-1(2.3/85at34 C)
Figure 2. Cross-sectional views of electroless Cu plating with respect to the kind of electroless Cu plating basic solution,

(b) A-I1(2.7/95 at 30 C)



Table 1. Experimental sets from DOE (design of experiment)

A F) E% 2 Throwing Power (TP) @ £7) #a 44 105

1

Test # Cu ion conc. Basic sol. Tefnp' NaOH Reduction Stabilizer Air bubble
(g/L) (mL/L) (C) (g/L) (mL/L) (mL/L) (L/min)

1 30 7 16 1 1
2 30 7 16 1 1
3 30 7 16 1 1
4 3 7 16 1 1
5 3.0 95 7 16 1 1
6 3.0 95 16 1 1
7 3.0 95 30 16 1 1
8 3.0 95 30 7 0 1 1
9 3.0 95 30 7 1 1
10 3.0 95 30 7 1
11 3.0 95 30 7 1
12 3.0 95 30 7

13 3.0 95 30 7
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Table 2. Average plating thickness on various sites with respect to the plating conditions

Average plating thickness (nm)

Exp. Set # 1 2 3 4 5 6 7
Pattern 1.66 1.79 2.81 1.92 3.13 1.47 2.62
Top 1.63 1.59 2.43 2.02 2.88 1.41 2.34
Middle 1.45 1.25 2.43 1.62 2.13 1.19 2.14
Bottom 0.76 0.86 1.64 0.90 0.94 0.75 0.79
Exp. Set # 8 9 10 11 12 13
Pattern 2.08 1.53 1.83 1.29 1.13 1.88
Top 1.92 1.60 1.48 1.33 1.12 222
Middle 1.77 1.47 1.28 1.23 0.51 1.76
Bottom 1.04 0.80 0.73 0.91 0.11 1.24
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Figure 4. The effect of plating parameters on the TP (A-II plating solution).
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Figure 5. Cross-sectional views of via plating with respect to the Cu ion concentration and plating temperature (A-II plating solution). The
values of (A/B) in (a), (b), and (¢) indicate the ratio of Cu ion concentration to basic solution concentration.
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Figure 6. The effect of the Cu ion concentration and plating temperature on the TP (A-] plating solution).
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Figure 7. The effect of the Cu ion concentration and plating temperature on the TP (A-I plating solution).
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