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Abstract —Sapphire is an anisotropic material with excellent physical and chemical properties and is used as a
substrate material in various fields such as LED (light emitting diode), power semiconductor, superconductor,
sensor, and optical devices. Sapphire is processed into the final substrate through multi-wire saw, double-side lap-
ping, heat treatment, diamond mechanical polishing, and chemical mechanical polishing. Among these, chemical
mechanical polishing is the key process that determines the final surface quality of the substrate. Recent studies
have reported that the material removal characteristics during chemical mechanical polishing changes according
to the crystal orientations, however, detailed analysis of this phenomenon has not reported. In this work, we car-
ried out chemical mechanical polishing of C(0001), R(1102), and A(1120) substrates with different sapphire
crystal planes, and analyzed the effect of crystal orientation on the material removal characteristics and their cor-
relations. We measured the material removal rate and frictional force to determine the material removal phe-
nomenon, and performed nano-indentation to evaluate the material characteristics before and after the reaction.
Our findings show that the material removal rate and frictional force depend on the crystal orientation, and the
chemical reaction between the sapphire substrate and the slurry accelerates the material removal rate during
chemical mechanical polishing.

Keywords —crystal orientation(Z2 7 " &F), chemical mechanical polishing(3} 87142 1w}, friction force
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Fig. 1. Schematic diagram of CMP process.
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Fig. 2. CMP polishing equipment with temperature
sensor and frictional force monitoring device.

Table 1. Experimental conditions of CMP process

Parameters Conditions
Equipment Poli-500 (GNP Technology)
Epi-ready 2 inch sapphire wafer
Water (C-, R-, A-plane)
Pad Polyurethane impregnated felt pad
(Suba-600, NITTA-HAAS, Japan)
Sturry Alkaline colloidal silica slurry

(Compol-80, FUJIMI Corporation)
320 ml/min

Slurry flow rate

Head & Platen
velocity

30, 60, 90, 120 rpm

Pressure 200, 300, 400 gficm’

30 min

Polishing time
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Fig. 3. Material removal rate of each crystal orientation
substrate according to pressure and the velocity (a) C-
plane, (b) R-plane, (¢) A-plane.
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Fig. 4. Correlation of material removal rate with each
crystal orientation for the product of the values of the
pressure and the velocity.
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Table 2. Experimental conditions of nano-indentation

Parameters Conditions
Equipment NHT-AE-0000 (Anton Paar)
Tip Berkovich diamond tip
Max. load 50 mN
Loading rate 100 mN/min
Unloading rate 100 mN/min
Holding time 3 sec
Poisson’s ratio 0.30
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e

Fig. 7. Schematic illustration of the nano-indentation
measurement.
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Table 3. huay hs and h. values of each crystal orientation
bare wafer and reacted wafer

Crystal Plane (lrll';;“) (n};;) (n}:;)
Bare wafer 337.29 79.10 258.19

¢ Reacted wafer  356.33 94.18 262.15
Bare wafer 331.98 82.49 249.49

R Reacted wafer  333.61 83.35 250.26
Bare wafer 328.17 84.88 243.29
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