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Abstract — Nowadays, most micro-patterns are manufactured during flow line production. However, a con-
ventional rotary chemical mechanical polishing (CMP) system has a limited throughput for the fabrication of
large and flexible electronics. To overcome this problem, we propose a novel linear roll-CMP system for the pla-
narization of large-area electronics. In this paper, we present a statistical analysis on the linear roll-CMP process
of copper-clad laminate (CCL) to determine the impacts of process parameters on the material removal rate
(MRR) and its non-uniformity (NU). In the linear roll-CMP process, process parameters such as the slurry flow
rate, roll speed, table feed rate, and down force affect the MRR and NU. To determine the polishing char-
acteristics of roll-CMP, we use Taguchi’s orthogonal array L16 (44) for the experimental design and F-values
obtained by the analysis of variance (ANOVA). We investigate the signal-to-noise (S/N) ratio to identify the
prominent control parameters. The “higher is better” for the MRR and “lower is better” for the NU were selected
for obtaining optimum CMP performance characteristics. The experimental and statistical results indicate that the
down force and roll speed mainly affect the MRR and the down force and table feed rate determine the NU in
the linear roll-CMP process. However, over 186.3 N of down force deteriorates the NU because of the bending
of substrate. Roll speed has little relationship to the NU and the table feed rate does not impact on the MRR.
This study provides information on the design parameter of roll-CMP machine and process optimization.
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Table 1. Experimental conditions

Parameters Conditions
Pad SUBA-Lite (Nitta Haas Inc., Japan)
Slurry MS-5000 (Nitta Haas Inc., Japan)
Polishing time 5 min
Down force (A) 76.5 ~ 2383 N
Roll speed (B) 300 ~ 750 rpm

24 ~ 169 mm/s
50 ~ 200 ml/min

Table feed (C)
Slurry flow rate (D)
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Table 2. Orthogonal array for taguchi method

MRR NU

No. A B C D Gmmin) (%)

76.5 300 24 50 0.15 28.63

76.5 450 7.5 100 0.27 28.21

76.5 600 122 150 0.35 17.25

76.5 750 169 200 0.66 12.57

129.4 300 75 150 0.49 10.02

1294 450 24 200 0.85 15.17

1294 600 16.9 50 0.80 10.75

1294 750 122 100 0.93 8.55

O |0 | Q| | N | | W[

1863 300 122 200 0.69 9.45

10 1863 450 169 150 1.03 7.46

11 1863 600 24 100 1.25 10.92

12 1863 750 7.5 50 1.15 10.42
13 2383 300 169 100 0.87 10.12
14 2383 450 122 50 0.99 9.15
15 2383 600 75 200 1.69 8.18
16 2383 750 24 150 1.89 13.92

2-3 M= 9wy
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Table 3. Response table for signal to noise ratios on
MRR (Larger is better)

Level A B C D
1 -10.1447  -6.7767  -2.6056  -4.3224
2 -2.5441  -3.1538  -2.9493  -2.8186
3 0.0465  -1.1402  -3.2648  -2.3822
4 2.1975 0.6259  -1.6250  -0.9215
Delta 12.3422 7.4027 1.6398 3.4009
Rank 1 2 4 3
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Fig. 3. Mean of S/N ratio for down force on MRR.
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Fig. 4. Mean of S/N ratio for roll speed on MRR.
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Fig. 5. Mean of S/N ratio for table feed rate on MRR.
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Fig. 6. Mean of S/N ratio for slurry flow rate on MRR.

Table 4. ANOVA table on MRR

Source Degrees of Sum of Mean F-ratio
freedom  squares squares
A 3 2.154 0.718 42.64
B 3 0.861 0.287 17.04
C 3 0.182 0.061 3.61
D 3 0.105 0.035 2.07
Error 3 0.051 0.051 -
Total 15 3.353 - -
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Table 5. Response table for signal to noise ratios on
NU (Small is better)

Level A B C D
1 -26.22 -22.19 -24.10 -22.34
2 -20.73 -22.33 -21.91 -22.13
3 -19.52 -21.10 -20.53 -21.27
4 -20.11 -20.96 -20.04 -20.84
Delta 6.70 1.36 4.06 1.50
Rank 1 4 2 3

Table 6. ANOVA table on NU

Souce o sqares squares 0
A 3 38946 129.82 8.05
B 3 4185 13.95 0.86
C 3 11982 39.94 248
D 3 3380 1127 0.70

Error 3 4841 1614 -
Total 15 63334 - -
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