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Chemical Mechanical Planarization (CMP) is an essential process for device integration and planarization in a
semiconductor manufacturing process. The most critical function in the CMP process, is to predict and cover the
geometrical characteristics of various sizes and densities, of patterned wafers for local and global planarization. To achieve
the wafer-level and die-level planarization, it is necessary to understand the contact mechanism between the CMP pads
and the macro-scale patterns. In the macro-scale pattern, pad deformation is divided into two layers: an asperity layer and
a bulk pad layer. Through bulk pad deformation, asperity contact distribution within the pattern is predicted. In this paper,
the distribution of asperity contact according to the pattern geometrical characteristics was analyzed, through large-area real
contact area (RCA) measurement. Bulk pad deformation was predicted by analyzing RCA distribution according to pattern
geometry such as pattern size and density, pattern shape and step height according to the polishing time, and applied
pressure. Additionally, through the distribution of the contact area and the number of contact points, the rounding
phenomenon and planarization characteristics in the pattern CMP were predicted.
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Fig. 1 Cross-Section schematic of CMP pad

(b) Two-Dimensional image

Fig. 2 Images of pad asperities measured through confocal
microscopy
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Fig. 3 Height histogram of CMP pad asperities
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Fig. 6 (a) Actuating system for real contact area (RCA) measurement, (b) Measurement system of RCA, and (c) Test layout of glass wafer
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Fig. 7 Stitching method for analyzing large-area contact

Table 1 Break-In conditions of sample pads

Variables and Equipment Conditions
. POLI-500
Polisher (GnP Technology)
Flow rate [ml/min] 150
Speed [rpm] 101
Conditioning Down force [kgf] 3
Time [min] 15
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Fig. 8 Normalized real contact area ratio according to normalized
pattern position

FAoA o] A HF WA HaE ekl Zgzolo) siEl2 4 mm
unr| 9] AFRLE 71x| 11 57.1, 66.7, 80.0%2] W= vjX| =i

Line1 Line2 gpace2 Line3 Space3 Line4

SR

= R
o 2 4 6 8 10 12 14 16 18 20 22

0.0 - - T - - T T T T
Pattem position (mm)

- Space1

0.6
0.5

0.4 -1
0.3 4

0.2+

0.1+

Real Contact Area ratio (%)
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Table 2 Polishing conditions of 4 inch glass patterned wafer

Variables and equipment Conditions
Pressure Head 2
[psi] Retaining ring 3
Velocity Head 93
[rpm] Platen 87
Slurry Colloidal silica
Flow rate [ml/min] 150
Polishing time [min] 1/3/5

2000 2000
— Before CMP — 1min — 3min — 5min
1750 1750
1500 1500 |
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— Before CMP — 1min — 3min — 5min
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(a) Large pattern (Line: 10 mm) (b) Medium pattern (Line: 4 mm)

Fig. 10 Graphs of step height change according to polishing time
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Fig. 11 RCA distribution in large pattern according to polishing
time
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Fig. 14 Images of real contact area according to applied pressure
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Fig. 17 Graphs of contact distribution in line according to applied
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