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Abstract

Chemical mechanical polishing (CMP) has been widely accepted for the global planarization of

multi-layer structures in semiconductor manufacturing. Copper has been the candidate metallization

material for ultra-large scale integrated circuits (ULSIs),

owing to its excellent electro-migration

resistance and low electrical resistance. However, it still has various problems in copper CMP process.

Thus, it is important to understand the effect of the process variables such as turntable speed, head

speed, down force and back pressure are very important parameters that must be carefully formulated

in order to achieve desired the removal rates and non-uniformity. Using a design of experiment (DOE)

approach, this study was performed investigating the main effect of the variables and the interaction

between the various parameters during CMP. A better understanding of the interaction behavior

between the various parameters and the effect on removal rate, non-uniformity and ETC (edge to

center) is achieved by using the statistical analysis techniques. In the experimental tests, the optimum

parameters which were derived from the statistical analysis could be found for higher removal rate and

lower non-uniformity through the above DOE resuits.
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Table 1. Process parameters and levels.

Level
Factor Low High
Down Force (DF) 300 392
Back Pressure (BP) 93 138
Head speed (HS) 50 75
100

TurmnTable speed (TS) 75

E 2 A8AEHE 9% CMP 34 ®¥He ¥
$e A3
Table 2. Situation of process parameters and
results for DOE method.
DF BP HS | TS RR | NU | ETC
300 | 138 50 100 [ 12867 | 11.8 | 1418
300 93 50 75 119453 ] 10.3 | 294
392 98 75 75 || 9108 | 166 | 2122
392 98 50 100 | 11288 18.4 | 2820
392 | 138 75 100 {10992 17.6 | 2402
392 | 138 50 75 | 9239 | 16.2 | 1961
300 | 138 75 75 | 8185 | 13.8 | 1638
300 98 75 100 1 9539 | 11.8 | 1394
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Fig. 1. Main effects by each process parameter;
(a) removal (b) non-uniformity,

and (c) ETC.
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Fig. 2. Interaction effects for removal rate.
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