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A Study of Material Removal Characteristics by Friction
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Abstract — Sapphire has a high hardness and strength and chemical stability as a superior material. It is used
mainly as a material for a semiconductor as well as LED. Recently, the cover glass industry used by a sapphire
is getting a lot of attention. The sapphire substrate is manufactured through ingot sawing, lapping, diamond
mechanical polishing (DMP) and chemical mechanical polishing (CMP) process. DMP is an important process
to ensure the surface quality of several nm for CMP process as well as to determine the final form accuracy of
the substrate. In DMP process, the material removal is achieved by using the mechanical energy of the relative
motion to each other in the state that the diamond slurry is disposed between the sapphire substrate and the pol-
ishing platen. The polishing platen is one of the most important factors that determine the material removal char-
acteristics in DMP. Especially, it is known that the geometric characteristics of the polishing platen affects the
material removal amount and its distribution. This paper investigated the material removal characteristics and the
effects of the polishing platen groove in sapphire DMP. The experiments were preliminarily carried out to eval-
uate the sapphire material removal characteristics according to process parameters such as pressure, relative
velocity and so on. In the experiment, the monitoring apparatus was applied to analyze process phenomena in
accordance with the processing conditions. From the experimental results, the correlation was analyzed among
process parameters, polishing phenomena and the material removal characteristics. The material removal equa-
tion based on phenomenological factors could be derived. And the experiment was followed to investigate the
effects of platen groove on material removal characteristics.

Keywords —sapphire wafer(A}}o]o] $]o]5), diamond mechanical polishing(tho] o= 71414 v}, material
removal rate(A & #| &), friction monitoring system(WF2& ZHA] Al 2 H))

Nomenclature V' : Velocity(rpm)
F; : Friction force(kgy)
q : Material removal rate (xm/min) s : Distance(m)
K : Preston coefficient
P : Pressure(g/cm’) .M B
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Fig. 3. Schematic of friction force monitoring system.
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Table 1. Experimental condition

Conditions
Copper-Resin Plate (KEMET)

Parameters

Platen

Platen design  Pitch 4 mm, Groove 2 mm

Polycrystal diamond, Primary diameter

Sturry 3 um (Link Korea)

Slurry flow 4 ml/min

Wafer 4 inch sapphire

Time 10 minutes (4 times)

Pressure 200 g/em’, 300 g/cm’, 400 g/cm’
Velocity 60 rpm, 75 rpm, 90 rpm, 105 rpm
Equipment Single-head rotary polisher with

monitoring system
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Fig. 4. Results of material removal rate between pressure
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Table 2. Experimental condition

Parameters Conditions

Platen Copper-Resin Plate (KEMET)

Pitch 4, 5, 6.7 10, 20 mm,

Platen design Groove 2 mm

Polycrystal diamond, Primary diameter

Slurry 3 um (Link Korea)

Slurry flow 4 ml/min

Wafer 4 inch sapphire

Time 10 minutes (4times)

Pressure 400 g/em’

Velocity 90 rpm

Equipment Single-head rotary polisher with

monitoring system
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Fig. 8. The measurement result of the material removal
rate and the friction force on the pitch size.
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