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Abstract — This study investigates the characteristics of the sapphire wafer chemical mechanical polishing
(CMP) process. The material removal rate is one of the most important factors since it has a significant impact
on the production efficiency of a sapphire wafer. Some of the factors affecting the material removal rate include
the pressure, platen speed and slurry. Among the factors affecting the CMP process, we analyzed the trends in
the material removal rate and surface roughness, which are mechanical factors corresponding to both the pressure
and platen speed, were analyzed. We also analyzed the increase in the material removal rate, which is pro-
portional to the pressure and platen speed, using the Preston equation. In the experiment, after polishing a 4-inch
sapphire wafer with increasing pressure and platen speed, we confirmed the material removal rate via thickness
measurements. Further, surface roughness measurements of the sapphire wafer were performed using atomic
force microscopy (AFM) equipment. Using the measurement results, we analyzed the trends in the surface rough-
ness with the increase in material removal rate. In addition, the experimental results, confirmed that the material
removal rate increases in proportion to the pressure and platen speed. However, the results showed no association
between the material removal rate and surface roughness. The surface roughness after the CMP process showed
a largely consistent trend. This study demonstrates the possibility to improve the production efficiency of sap-
phire wafer while maintaining stable quality via mechanical factors associated with the CMP process.
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Fig. 1. CMP process.
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Fig. 2. The CMP Pad used in the experiments.

Fig. 3. CMP Machine.
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Fig. 4. The sapphire wafer used in the experiments.
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Table 1. Experimental condition

Parameter Condition
0.6
Pressure(MPa) 09
1.2
1.5
30
Platen/Head Velocity (rpm) 35
40
Platen Temperature (°C) 30
Polishing Time (h) 3
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Fig. 5. Thickness measurement locations of sapphire wafer.

Table 2. Result for experimental of material removal rate

No. EXperir.n.emal Removal star.lda.urd

Condition rate deviation

Plaen Velociy () : 30 208 hr 0424
2 plaen veocty s 30 157 K 0461
3 lzf:tsesrlllri/e(llc\)/]c{’tif) (:rplmz) 30 255 mmhr o 0543
* e i/e(ll(\)/lcl:t? (:Ip]nf) L350 243 wm/r 0406
5 ﬁf:fesr‘l‘“;e(ll(\:g’tay) (:r;)nf) L35 168 pmihr 0475
 plaen velocty (pmy : 3517 BT 0375
7 lzf:tsesr?ri/e(llc\)gt? (:rplmz) .5 281 pmhr 0469
5 e i/e(ll(\)/lcl:t? (:Ip]nf) .35 289 um/hr 0443
9 Pien Vloiy (pm) 40 216 WA 0432
10 e Veloiy (pmy : d0 2 b 0444
a lzf:tsesrlllrife(ll(\)/]c{’t?/) (:rplrr?) Lqp 294 e 0457
2 i/e(ll(\)/lcl:t? (:Ip]nf) 40 A1 wvhr 0501
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Fig. 6. Removal rate by Pressure.
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Table 3. Result for measurement of surface roughness

No. Experimental Condition Roughness
Pressure(MPa) : 0.6

! Platen Velocity(rpm) : 30 0.148 nm
Pressure(MPa) : 0.9

2 Platen Velocity(rpm) : 30 0.108 nm
Pressure(MPa) : 1.2

3 Platen Velocity(rpm) : 30 0.065 nm
Pressure(MPa) : 1.5

4 Platen Velocity(rpm) : 30 0.07 nm

5 Pressure(MPa) : 0.6 ]
Platen Velocity(rpm) : 35
Pressure(MPa) : 0.9

6 Platen Velocity(rpm) : 35 0.076 nm
Pressure(MPa) : 1.2

! Platen Velocity(rpm) : 35 0.075 nm
Pressure(MPa) : 1.5

8 Platen Velocity(rpm) : 35 0.106 nm
Pressure(MPa) : 0.6

? Platen Velocity(rpm) : 40 0.063 nm

10 Pressure(MPa) : 0.9 ]
Platen Velocity(rpm) : 40
Pressure(MPa) : 1.2

H Platen Velocity(rpm) : 40 0.089 nm

12 Pressure(MPa) : 1.5 0.089 nm

Platen Velocity(rpm) : 40

800 7000

Fig. 7. 3D profile of sapphire wafer after CMP process
(0.6 Mpa, 30 rpm).
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Fig. 8. 3D profile of sapphire wafer after CMP process
(0.6 Mpa, 40 rpm).
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